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Front Cover: International freight train entering the north portal 
of the Lötschberg Base Tunnel. The renewal of control systems 
in the tunnel is the subject of our article on p8. 
Photo BLS Railway.
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Low cost signalling
Andy Stringer
Siemens Rail Automation 
UK

Graeme Christmas
Network Rail 
UK

Introduction
This paper sets out to make you think differently about what 
you do and about how you approach whatever involvement it is 
that you have with railway signalling. It is not a technical paper 
packed with complex principles, or a catalogue of the industry’s 
issues. It is an alternative point of view, that we hope will lead to 
positive conversations which develop into tangible actions. The 
views expressed are those of the authors, and not necessarily 
those of their employers.

Low cost signalling means many things to many people. It 
would have been easy to give a technical briefing on the latest 
developments on low cost architectures for secondary routes, 
but that would be to miss an opportunity to discuss some of the 
really big issues that will affect the future of railway signalling, 
particularly in Great Britain. There is a harsh reality that we have 
been managing to avoid for a few years now, but that we really 
need to stand up and address: we can no longer afford to pay for 
signalling systems at current rates.

“Have we forgotten the driver” [1] is perhaps one of the 
most iconic papers in the Institution’s 100-year history. Positive 
plagiarism being the whole point of a learned society, we 
thought we would take the concept one step further.

Have we forgotten the customer?
To give context to the paper, we want to talk you through a fairly 
average and typical train journey in the UK, from the viewpoint of 
the paying passenger.

There are after all only two real sources of funding: the taxpayer 
(probably yourself) and the passenger (probably also yourself). 
Not being a train operating company, we are satisfied with using 
the term ‘passenger’ rather than ‘customer’. We will discuss 
the journey and the impact on the passenger of signalling: the 

This Presidential Programme technical paper was presented 
on 10 January in London.

expensive bits and the cheap bits, and how much of it really 
impacts their journey.

We debated introducing a new unit of measurement to assist 
with the discussion on the value of signalling, which was going 
to be called the ‘season ticket unit’. Whilst the initial concept 
was good, getting any kind of usable value proved beyond us. It 
is important though to remember that the signalling we provide 
has to be paid for; yet the way we currently price and value our 
projects leads to a degree of insulation from the reality of taking 
the money out of someone’s pocket. At £10,000 a point machine 
might well sound cheap compared to the cost of an interlocking 
cubicle, but that amount would pay for a very large number of 
day returns from Worcester to Birmingham!

Our journey (see Figure 1) will start at the still mechanically 
signalled Worcester Shrub Hill, taking the iconic British Rail High 
Speed Train (soon to be replaced by the Hitachi Super Express 
Train) through the secondary route of the North Cotswolds, 
joining the North-South spine at Oxford and continuing on the 
hybrid high speed main line and commuter route through the 
Thames Valley, through the complexity of Reading, and to our 
destination at London Paddington.

It is just over two hours of virtually everything the modern 
signalling system needs to contend with. We will discuss how we 
address the issues of interfacing to our legacy signalling systems, 
how we really provide cheaper solutions for secondary routes and 
– perhaps most challenging of all – how we ready ourselves for 
the digital railway.

Preparing for the digital railway is critical to the future success of 
the signalling industry, and possibly the whole rail industry. There 
is an unspoken assumption in the deployment of the digital 
railway: namely, that it will be a low cost railway. That is key to its 
success, and yet the signalling industry is being slow to address 
it. Removing a handful of lineside signals is unlikely to achieve 
that on its own, and so it is time to look ahead and face the 
future – a low-cost future.

WORCESTER 
FOREGATE ST

WORCESTER 
SHRUB HILL

OXFORD

DIDCOT

READING

LONDON 
PADDINGTON

BRISTOL

BIRMINGHAM

Figure 1 – Schematic route map, Worcester to London via Oxford and Reading.
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London
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On our way – the mechanical monster
The mechanical legacy of Victorian signalling is declining, but 
there is still a significant volume to be replaced. Most alterations 
to mechanical signalling are the result of neighbouring works 
where a mechanical interlocking fringes to a new control system, 
interspersed with occasional interventions to keep the heritage 
signalling going. Spot renewals and fringe alterations are 
necessarily limited by the available budget, and priority calls have 
to be made. Should we double cut all the circuits affected by a 
fringe alteration? Should modern interlocking controls to guard 
against fast moving light engines be provided?

Should approach locking be provided? How do you compare 
the provision of motorised points against the benefits of a train 
describer? As an industry we have a varied set of approaches to 
answering these questions – and budget is often apportioned on 
a ‘first problem identified’ basis. But let us now consider this from 
the customer’s perspective.

Of course, very few journeys start at a station and most involve 
more than a short walk at one end or the other. We have to 
plan how to get to the station, how our modal transition will 
take place. Technology is giving us options that we did not 
previously have; perhaps most importantly, we can now know in 
advance if our train will even be running, using an application 
on a smart device which is ultimately fed by a system provided 
by a signalling engineer, although that was never the intention. 
From train detection to interlocking and train describer, through 
a data management system, to a publicly accessible server, to 
an application downloaded for free, the signal engineer has 
influenced whether the passenger walks to the station or drives 
to work that morning. This is a massive power of which we have 
unwittingly become the source, and yet we are barely aware of it. 
Train detection and train describers feeding into the national data 
network suddenly have a far reaching power.

So our first learning point is a crucial one – any system which 
provides external data has a benefit several times greater than 
one that does not. We need to be careful with the term ‘benefit’ 
though, for putting information into the public domain means 
that we lose control of how that information is used. We do not 
even need to consider what data we provide or how it will be 
used; the world is far more innovative than we need concern 
ourselves with. We can easily spend thousands of pounds 
undertaking a fringe renewal in relays, wiring and location cases 
– which means that a lot of people must buy tickets for us to 
recoup the costs. In comparison, the train describer could be had 
for a far smaller cost, but its digital benefit is incomparable.

This concept leads us to consider how we undertake cost/
benefit assessments during a project. Often it is fairly arbitrary, 
the cost of the fringe alteration being considered against the 
benefit it provides, and not against other benefits which could be 
provided for the same cost.

Traditionally safety has been the signalling engineer’s theme, 
and so the renewal of fringe circuits will take priority over 
provision of a train describer in the end. We need to be more 
pragmatic about this decision, taking into account the actual 
benefit, the actual risk and the duration for which the risk will 
have to be tolerated.

We need to consider what the actual risks are and not fall in to 
the trap of doing something because that is what we always do, 
quite often because the existing arrangement has performed 
safely for the last fifty years.

The Secondary Route
The ‘secondary route’ is something of a misnomer in Great 
Britain, with a wide range of interpretations. There is usually some 
feature in the route that prevents it being truly secondary; the 
trains often end up in primary stations, so that any disturbance 
has an unacceptable impact on the main network, or the line 
is a strategically important freight corridor vital to keeping the 
nation’s lights on.

The Worcester to Oxford line is a classic example; trains running 
behind their path in the timetable along this route can mess the 
whole route up between Reading and Paddington, and yet the 
relatively low passenger numbers prevent significant investment 
on the line.

Like many secondary routes, the operational costs are relatively 
high, there still being five fully staffed signal boxes along it, but 
the capital cost of wholesale renewal would be paid back over 
too long a time to justify the investment.

The signalling along this line, and the operational demand, 
lend themselves well to the industry’s low cost modular signalling 
solution, at least in terms of the modular route definition. The 
reality is that the business case remains relatively negligible when 
comparing capital cost to operational saving. There are three key 
reasons for this, which the signal engineer has long struggled to 
address: copper, concrete and steel. All three are expensive to 
design, manufacture and install, yet our need for them seems to 
increase on every project we undertake.

It is perhaps worth taking a moment to think about the name 
chosen for the industry’s low cost solution: “modular.” It should 
remind us that nothing is ever cheap if you only do it once. 
Even high volumes in signalling terms are low volumes in the 
world of industrial manufacture. A really successful electronic 
interlocking system will probably never reach an implementation 
base of more than one hundred installations; and even if it does, 
the hardware, firmware and software will all differ significantly 
between number one and number one hundred. SSI, the UK’s 
most numerous interlocking, only managed several hundred 
installations worldwide – this is still low volume in manufacturing 
terms. As we discuss the issues around copper, concrete and 
steel, repeatability is a useful word to bear in mind.

Concrete
Concrete and steel are often used for gantries and cantilevers, 
but the nature of secondary routes means that demands for 
large structures are kept to main lines. The key areas to focus on 
for real cost savings on secondary routes are the routeing and 
protection of cables, and safe personnel access. Often the key 
cost driver is not the structure itself, but the cost of building it.

As an example, a driver’s walkway for a Signal Post Telephone 
can cost in excess of £10,000, so that each one requires several 
commuters travelling for a full year to pay for it. Most driver’s 
walkways could be built for a couple of hundred pounds were 
this a weekend project in your own back garden using materials 
from a local builders’ merchant. In your back garden though you 
can probably do the work during daylight, have vehicle access 
within a few metres and require little in the way of ecological 
surveys first.

It is interesting to consider that for a similar price to driver’s 
walkways along a length of route, the GSM public coverage 
could be significantly improved, not only providing a secondary 
(or, say it quietly, primary) means of communication for the driver, 
but also enabling better wi-fi and mobile provision on the train.
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Perhaps one other area that requires further investigation is 

the limited use of lightweight cable route in the vicinity of signal 
post telephones to provide a pragmatic solution to the driver’s 
walkway.

The other cost to consider is that of cable protection. Surface 
cable trough and one metre deep under track crossings are 
far from cheap and cause their own issues in terms of manual 
handling. Clearly the first area of investigation is to consider 
our need for so many cables in the first place, but there is an 
inevitability about trackside cables so we need to provide 
protection for them. Where only one or two cables are required, 
we can consider ruggedised or armoured cables laid directly on 
the ballast – so the target must be to reduce our need to low 
numbers of cables. A bespoke multi-core cable with fibre and 
power cores in the same cable is likely to cost more than the 
benefit it provides, but the concept of combining all the required 
cores in a single protected package is probably the ultimate aim.

One of the learning points from the early deployment of the 
modular schemes is that the signal engineer’s ideal of “one 
concrete solution fits all” causes as many problems as it solves. 
The most important variable influencing signal structures and 
the like, is not the signalling, but the geology. We need then to 
work with the civil engineer, to have not one, but a small library 
of off the shelf solutions, which are selected by the geological 
constraints, rather than the signalling requirements.

Copper
Copper has one fundamental pitfall – it is expensive. This causes 
lots of other issues, not least making it attractive to opportunistic 
recyclers.

The use of existing domestic power supplies along the railway 
to trickle charge batteries can significantly reduce the need for 
trackside copper. The key word here being “existing”;  increasing 
the number of supplies is unlikely to be a cheaper solution in 
whole system terms. Reliability can be obtained by using more 
batteries, not necessarily by providing alternative power sources. 
Existing domestic supplies tend to be available at stations 
and signal boxes, so we should perhaps build our signalling 
demand around the supplies that already exist. New external 
power connections can cost the railway the equivalent of several 
hundred annual commuters – before we have even connected 
them to anything.

So power, like concrete, benefits from repeatable solutions. 
More importantly though, savings are to be had from letting 
the existing power solution dictate the signalling design, rather 
than designing a new power system to meet the signalling 
requirements.

Steel
Steel is a relatively cheap commodity, but a significant cost to the 
signalling industry due to the high volume of bespoke structures 
and also the places we choose to use it. In most applications of 
steel for signalling structures, the design, manufacture, transport 
and installation costs all far outweigh the actual material cost.

The ideal for signal structure positioning is to be adjacent to 
good road access; however we need to recognise that signal 
location is far from straightforward. On secondary routes we need 
to change the weighting of the factors that are assessed when 
determining where to put a signal. Simple solutions like putting 
the foundations outside the track support zone will increase the 
steel cost, but at a fraction of the benefit of being able to dig the 
base without fear of impacting the track. On secondary routes 
we can also consider whether a reduction in sighting time or line 
speed might be beneficial to the overall wider scheme cost.

It is also worth remembering that every signal that is easier to 
install will almost certainly be simpler (and therefore cheaper) to 
maintain.

The Crewe to Shrewsbury re-signalling used a very lightweight 
gantry, as shown in Figure 2, but the take up of such structures 
has been very low subsequently.

As signal engineers we need to understand why this is.

The copper, concrete and steel alternatives
At any trade show you will find a plethora of products offering 
a real alternative to copper, concrete and steel, yet very few 
have made it in any numbers on to the main line railway. Part 
of the reason is that although copper, concrete and steel are a 
large part of a project’s cost, they are still cheap commodities 
compared to their alternatives. The other issue is that trial 
volumes are low, and as we have already discussed, low volumes 
are rarely cheap.

The Network Hub
As our journey continues we pass through two of the UK 

network’s classic hub stations, Oxford and Reading. The former 
is just commencing conversion from electro-mechanical to 
electronic control, to be followed by significant alterations to the 
track layout.

At Reading the new track layout and flying junctions should be 
very clear reminders to signal engineers that capacity cannot 
always be achieved by signalling alone. Platform capacity and 
grade separation are what give step changes in operational 
capability. They come at a price though – between five and ten 
times the cost of the re-signalling works. In this section, as well 
as discussing areas which may reduce cost, we will also look at 
how we might spend more on signalling to reduce the overall 
infrastructure cost.

First though, back to signal gantries. If there is anything we can 
learn in this field it is that we do not listen to our own advice. As 
recently as 1923 (yes!), Robert Insell, in his Presidential speech 
to the Institution ([2] said: “Signals should invariably be fixed 
next to the line to which they apply, and our efforts should be 
directed to getting suitable spaces for them, in order to avoid the 
great expense involved in providing gantries spanning the lines.” 

Figure 2 – A lightweight gantry on the Crewe – Shrewsbury line installed 
as part of the modular pilot project commissioned in 2013. The gantry 
has an elegant simplicity that seems to deliver just what Robert Insell 
asked for back in 1923. Photo David Brown, Siemens Rail Automation.
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Sadly, the picture of a 2016 vintage gantry in Figure 3 shows that 
little progress has been made in the last 93 years. Perhaps the 
most striking feature is the existing signal structure in the middle, 
which the new gantry replaces.

We need to consider our network hubs carefully, particularly in 
the context of the Digital Railway and European Train Control 
System. Future signalling systems will provide many benefits, 
but their complexity around network hubs will require significant 
thought, particularly during the changeover years. The railway 
between Oxford and Reading carries a high frequency of varied 
traffic, and whilst running it closer together will help increase 
capacity, the flat junctions and bottlenecks that remain will 
ultimately be the most restricting factors.

There are areas where signalling can help provide some answers 
by moving away from conventional thinking.

1. Consideration could be given to better use of wrong line 
running. Traffic flows can often be heavily biassed in one 
direction during peak periods, and three-track and four-
track lines lend themselves to prioritising one direction over 
another. In the future bi-directional running on plain lines 
will be relatively less expensive than now, and we should 
consider now what work might be required at the network 
hub. This could see the provision of routes into and out of 
the hub that cannot be used until the plain lines linking the 
hubs are transferred to ETCS. This would mean the benefits 
of ETCS could be gained between stations, without the costly 
provision of lineside structures for the re-signalling or dual 
signalling of the complex areas.

2. Flat junctions create conflicts where trains cross in front of 
each other, but changing the direction of flow on each line 
during certain periods of the day can move the conflict to 
lesser used parts of the network. Again, advance provision 
can be made for this now, ahead of the move to ETCS. Each 
network hub that is conventionally re-signalled can be done 
so with ETCS in mind, so that future fringe alterations are not 
necessary as the network is converted piecemeal to ETCS.

3. Speed is the enemy of capacity; trains can run closer together 
when they run slower. As on managed motorways, the use 
of consecutive double yellows allows trains to run closer 
together. This has never been popular with drivers, who 
are supposed to interpret consecutive double yellows as 

something different to non-consecutive double yellows. 
Experience on the Great Eastern Main Line has put an 
end to this solution. Of course that is not to say there is 
anything wrong with the principle, just the way in which it is 
applied. With the vast array of technology at our disposal, 
the use for example of an alternative colour could provide 
a more appropriate implementation. TPWS has given us 
ATP-like functionality and benefit at a fraction of the cost, 
whilst also overcoming several signalling mandates (it is not 
a failsafe system); we should not be afraid to use similar 
unconventional thinking again.

4. Trains held at consecutive signals are kept much further apart 
than they need to be. The provision of closing up signals 
allows trains to make better use of the available space. With 
lightweight, low visibility signals and additional axle counter 
sections used only for closing up, significant capacity could 
be added for relatively low cost. There is an argument that 
developing such systems in the twilight of conventional 
signalling’s lifetime would be an inefficient use of funds, but 
the reality is that there will be conventional interfaces to the 
digital railway for probably half or more of a conventional 
system’s asset life. There may be limited benefit to closing up 
signals on the Great Western Main Line, but significant and 
long lasting advantage when applied to routes joining the 
mainline, such that the period of time required to cross onto 
the fast route is kept to a minimum.

Getting access
Getting on to the railway to undertake infrastructure works 
becomes a little bit harder every year. In the main, the reasons 
for restricted access (protecting the workforce and lowering the 
impact of possessions on passengers) are very valid, but they 
do little for project cost savings. It is important to consider what 
can be done off site that currently we do on site. The transition 
started with the introduction of electronic interlockings and 
the use of workstation testing, but more and more we should 
be pushing for an increase in offsite testing (so called hangar 
testing). This means thinking much earlier in the optioneering 
process about what needs a site intervention – modifying existing 
circuits and equipment will always require site intervention. 
Replacing things, even new things, may seem counter-intuitive, 
but as part of a process change to offsite construction and test, 
can be significantly cheaper.

Figure 3 – A depressingly familiar looking gantry recently installed north of Oxford as part of the ongoing modernisation programme 
in 2016. The gantry is fully compliant with a multitude of standards and legislation, including those for the planned electrification, but 
continues the theme of ever increasing structure sizes required to display the relatively tiny signal aspects. Photo Andy Stringer.
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Reliability
Reliability is usually specified in a new system, but rarely 
quantified in terms of cost or in comparison to the infrastructure 
beng replaced. It is interesting to compare the reliability of the 
different parts of the existing assets along our chosen route, 
not least because it soon becomes apparent that the age of 
the equipment is not the biggest factor in the availability of the 
railway. We do though have the benefit of many years of data 
and we know what we can expect from different systems; at the 
least, we have a benchmark to be used as a minimum standard. 
We touched earlier on operating costs and we need as an 
industry to move away from viewing a project’s cost as the big 
capital figure in Year 1 of 30. The whole number at the end is 
much more important.

The High Speed Line
As our train enters the last leg of the journey, we encounter 
the classic British problem: an aspiring high speed main line 
dissected into multiple sections of intensive commuter railway. 
Even the historic splitting of the line into Fast and Slow lines (or 
Main and Relief lines as they are still known) has only marginally 
improved the problem. That is in fact to do a disservice to the 
foresighted engineers who provided four tracks rather than two, 
for they could not have envisaged that six or even eight lines 
would be required one day. We run not one or two types of 
train, but many different variants. Even the so called High Speed 
services have different stopping patterns. This is intermixed 
with routes accessing both sides of the main line. Some, like the 
junction to London Heathrow airport, have an impressive array 
of grade separated railway, which is hindered by several flat 
junctions along the way. The traffic is mixed, the density is high 
and the expectation on the signalling system of the future is ever 
increasing.

There are fundamentally two main challenges to be faced along 
high speed lines like this: meeting the capacity demand, and 
doing so at a tolerable cost. The Digital Railway and European 
Train Control System are the heroes waiting in the wings, but as 
all signal engineers know, their introduction will not be without its 
challenges. The key for the signalling industry, and the Institution 
in particular, is to identify and deal with those challenges 
before the systems are rolled out. There will be no gratitude for 
hindsight engineering.

Let us look first at capacity. It has been well documented how 
the removal of line side signals will increase capacity in sections 
of plain line running, but the areas of junctions and station 
stops are less well covered. Train braking rates are unlikely to 
alter significantly in the future (unless we start strapping in the 
passengers), so the safe distance between trains will be limited 
to current braking distance plus a margin of safety. This will also 
remain the key distance when one train is stopped at a station or 
where a set of points need to be moved, secured and detected.

Headways for a line of route are a function of the most 
restrictive sections, so these are the areas to address first. The 
recent alterations at Reading provide additional platform faces 
and remove flat junctions, probably addressing what was the 
biggest single bottleneck on the whole of the Great Western 
Main Line. The civil engineer can provide capacity that the signal 
engineer cannot come close to, but at significant cost. The signal 
engineer can however play a key part in identifying the layout 
alterations that have the biggest impact, and also by ensuring 
that trains are allowed to pass as fast as possible through those 
pinch points that remain.

Junction approach speeds must be optimised to allow fast 
passage through pointwork; trains, particularly heavy ones, do 
not accelerate quickly, so we should ensure that approaches to 

a junction optimise the train’s passage. It is better to slow a high 
speed train down earlier to a medium speed than to allow it to 
run fast until the last possible minute before bringing it to a near 
stand – not least from an environmental point of view.

There is a complex set of conditions to understand when 
considering how long a junction will be locked up by a train 
moving in one particular direction. Whilst higher speed means 
that the train will physically occupy the junction for less time, 
the length of route on the approach to the junction which must 
be approach locked is necessarily longer, and so takes longer to 
traverse. It may be then that the signal engineer provides more 
than one set of approach controls to allow trains to take the net 
minimum time across a junction.

Just as important is a quick release of route locking once a train 
has passed. In the UK we have been adverse in recent years to 
preselection of points, for fear of a brief flickering of track section 
status resulting in the movement of points under a train. But with 
more reliable methods of train detection, and reinforced train 
detection, the preselection and thus earlier movement of points 
could be achieved.

Looking at cost there is a potential moment of embarrassment 
for the signal engineer in the not too distant future, when it 
transpires that removing the supposedly costly lineside signals 
has surprisingly little impact on the cost of a resignalling project. 
We all know that gantries and cantilevers are expensive, but 
actually there are not that many of them outside station areas. In 
the long thin bits of railway that link our stations together there 
will remain the need for point machines and train detection – and 
systems to power them, to house them, to cool them, and to 
carry their cables back to the control centre. This may sound as if 
we are arguing against most of the things we stated above; that 
is not the intention. The message is to make us consider just how 
much of the conventional system we will still need, and thus how 
much more of it we might get rid of along with the signal posts.

The expectations for future cost reductions in signalling are 
significant, but the reality is that a lot of equipment is still 
required to make the signal-free system function. We also need 
to provide all the things that come for ‘free’ with ETCS, such 
as bi-directional signalling. An existing interlocking without 
bidirectional routes in it today will have none in it in the future 
unless someone puts them there.

There is an opportunity with these issues for the signal engineer 
to address the problems together. Simplifying and rationalising 
track layouts for capacity increases can also be used to centralise 
the location of point machines for example, and thus reduce 
the requirements for distributed power. Simplifying junctions 
simplifies train detection requirements, and makes interlocking 
functionality simpler to design and test.

The railway between London and Reading is incredibly 
complicated with a mesmerising volume of demand already 
forced upon it. We need to take the joint approach of applying 
a simplified signalling architecture to a simplified and more 
optimised railway, to maximise the potential (and the cost 
savings) of the new signalling system.

Conclusion
Low cost is not a simple solution, nor is it a ‘one size fits all’ 
solution. We have an amazingly diverse railway network with a 
vast array of bespoke solutions making it all work. In the future 
we need to ensure that we bring those bespoke and varied 
solutions into a smaller number of generic applications, and to 
do so, we need to think as system engineers and to ensure that 
we lead from the front. This will rely upon relentless attention to 
detail across the whole range of the signalling system.
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As we have discussed the numerous issues throughout the 
paper, it becomes apparent that ‘low cost’ is something of an 
inadequate and potentially misleading term, for we certainly 
do not want it to imply ‘low quality’. Equally the perhaps more 
appropriate term ‘high value’ implies that the cost drivers will 
soon be overlooked.

The world expects that the digital railway will be cheaper and 
better than what we have now; we need to make sure it really 
is. The stage really is set for the professional signal engineer to 
make an industry changing difference. We should consider that 
the train describer can bring more value to travelling than SIL4 
equipment provided to mitigate a risk with very low probability 
and low consequence.

What does this all mean?
Graeme’s view
The signal engineer cannot engineer in a vacuum. The business 
dimension and society’s view have to be fundamental in our every 
behaviour and decision. The practitioner who “follows codes” is 
not an engineer at all, and generations of doing this must now 
be squarely left in the past. Please can we all take note? But 
that doesn’t mean there is a free-for-all in our applications. Best 
practice is still a key informer, but it should never be considered 
as the only answer for every case. So hazard identification and 
Common Safety Method (CSM) has to be the modern approach 
to applying engineering judgement. It is the replacement for 
what our forebears did naturally, but found so very hard to 
record. See though what the Health & Safety Executive have 
to say about recording;  it does not have to be hard work, and 
the asset manager that I work for (Network Rail) is committed 
to making the adoption of CSM much less painful. Please watch 
for the emergence of increasing tolerance for ‘deviations’ to 
standards, supported by well-constructed applications. Standards 
are after all just one of three ways that CSM allows for controlling 
risk. In Network Rail parlance this just means writing good Tracker 
applications.

Our ability to get on to the lineside to build is really the 
significant delayer, the driver of cost – especially given that 
logistics is not our best skill. After all signal engineers do safety 
design, don’t we? How many of us enjoy the challenges of 
planning and possession organising and want to turn it into an 
art of efficiency? So there are big revolutionary changes needed 
here, in both customer and supplier organisations.

The professional and technician engineer needs to wise up! 
The operator too has to understand that when we say something 
comes ‘for free’ we do not actually mean it. We who say that 
need to remember that, the more often we say it, the more likely 
it is that the non-technical listener might believe it. Our job is 
thus to be a great ‘persuader,’ a politician. In truth though has 
this ever been any different?

Spend money “as if it were your own”, while understanding that 
there is an “R” in ALARP and recognising that not having a strong 
debate with a stakeholder because you do not like any form 
of unhappiness is not acceptable (even if you are a consultant 
on a time-paid basis!). If you spend more money on this facet 
of this job, above industry norms, then you have spent it from 
somewhere else and made that place less safe or less good. You 
are responsible for that; be very sure that you know that you are.

Do not be the engineer who chooses solutions which are better 
for the sake of engineering perfection; it is the aggregate that 
must be better. There are multiple customers, and they will be 
around long after you have gone. And if you are the contractor, 
please trust that if we spend less on a job it does not mean less 
work for your company in the future.

Neither the dinosaur nor the bright young thing is going to be 
either right or wrong all the time. Together, we will continue to 
find better solutions to bring safety at the price we can afford.

This asset manager has to think and practise the delivery of 
system safety by encouraging ‘novelty of thought,’ where the 
novelty is not generally going to be whizz-bang, but is about 
seeing where complexity lies and driving it out where possible, 
recognising that safety is generally improved by being simpler; 
by not placing disproportionate effort into the very unlikely, 
by choosing interface boundaries that are simple and by not 
expecting to take heritage infrastructure to 2017 standards. If you 
manage testing staff, please tell them all this too.

Choose contractors wisely and work with them so that their 
product and their service can be provided in the lineside 
environment. Then remind the Project Manager and the Sponsor 
and the Department for Transport that they guarantee our 
success or failure just as surely as we are able to when we are 
doing the engineering.

Andy’s view
Most IRSE papers in recent years tend to give an update on 
current developments and to offer insight into what the future 
might hold. I believe that we are at a key point in the industry’s 
development, the moment at which the things we are named 
after disappear – although we are unlikely to be known as the 
Institution of Movement Authority Engineers in the future. We 
have an opportunity to shape that future though, albeit for a 
limited period of time.

The railway will proceed into the digital era, with or without 
signalling. It seems unthinkable that a disruptive technology 
might render signalling a function of history; but 20 years ago 
it would have been laughable that the device you use to make 
telephone calls would advise you to avoid the train today and 
take the taxi – a driverless one even, provided moreover by the 
company which set out to be an index of things on the Internet.

The thing that interests me is that I do not believe it will be one 
idea, or one person, or even one company that revolutionises 
signalling, it will be the collective effort of thousands of different 
positive interventions, all of them focusing on a few key 
principles.

• Is what I am doing not just value for money, but is it better 
value than anything else I might do with the money?

• Will what I am doing provide external information, to become 
part of the global world of information, or will it just be 
another standalone grey box?

• Will what I am doing provide extra capacity overall?
It is time to think about what we want our future to look like, and 
what we want our combined goals to look like. One thing though 
is certain: it will need to be a great deal cheaper.
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What do you think about the points Andy and Graeme have 
raised in their paper? Our ethos of “inform, discuss, develop” 
depends upon members sharing views and ideas. Why not 
write to the editor (irsenews@irse.org)? We always welcome 
letters for our ‘Feedback’ column.
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Introduction
The 35 km long Lötschberg Base Tunnel (LBT) passes through the 
Swiss Alps from Frutigen to Raron. It is operated by the BLS (Bern 
Lötschberg Simplon) Railway and has been in service now for 
just over nine years. During this time an availability of 99.9% has 
been exceeded. The railway through the tunnel is part of the EU 
Freight Corridor 1/A which connects Rotterdam with Genoa and 
as such carries all forms of international freight (as shown on this 
issue’s front cover) and passenger traffic as well as domestic Inter 
City passenger trains.

The southern third of the tunnel is double track, with each 
track in its own tunnel bore, and the remainder is single track. 
The middle portion of the route has the second bore structurally 
complete but not fitted out as shown in Figure 1. The Railway 
Systems in the tunnel are constructed for High Speed Traffic and 
ETCS Level 2 Signalling enables trains to operate at speeds up to 
250 km/h. Up to 135 trains per day are currently using the tunnel.

The safe and reliable operation of trains through the tunnel 
is ensured by the Railway Systems (Signalling, Traction Power 
Control, etc.) in the usual manner. The availability of the tunnel 
itself depends on the reliable operation of the tunnel auxiliary 
systems. These include control and management of Water Supply 
and Drainage, Lighting, Fire Detection, Tunnel Door Operation, 
Ventilation, Video Supervision and their Power Supplies. Many 
of these systems are particularly relevant in case of an incident in 
the tunnel requiring the evacuation of passengers and train crew. 
The minimum levels of service which are to be maintained for 
these systems have been defined. Should faults in these systems 
reduce the service level under the stipulated minimum then trains 
are prevented from entering the tunnel and the tunnel emptied 
of those trains already travelling through it. 

The original Control System for the tunnel auxiliary systems has 
been replaced after a relatively short life of only seven years. 
Despite the LBT, as a whole, achieving an acceptable overall 
availability, experience showed that the Tunnel Control System 
was not fit for its intended purpose. The Control System was 
causing more faults and requiring more maintenance than the 
actual systems being controlled. This had even led to occasional, 
otherwise unnecessary, traffic stoppages in the tunnel.

The Tunnel Control System is arranged in two main layers; the 
automatic Local Control Units situated in the 120 cross passages 
and in the operating and ventilation centres (blue in Figure 2), 
and the Central Control, operated by the Technical Operator in 
the Control Centre at Spiez (grey in Figure 2).

In renewing the Tunnel Control System the following objectives 
were to be achieved; increase system availability and reliability, 
significantly reduce maintenance costs, decrease incident 
reaction time and thus accelerate passenger self evacuation. To 
achieve this, standardisation of the graphical user interfaces and 
a simplification of the alarm structure was necessary as well as 
harmonisation of the hardware and software being used.

Tunnel Central Control

Water & 
drainage

Power 
supply 
distri-
bution

Building 
ventilation

Tunnel 
ventilation

Fire 
alarms

Video & 
access

Public 
address

Tunnel Control System

R
ai

lw
ay

 s
ys

te
m

s 
w

ith
 

ET
C

S 
an

d 
co

m
m

un
ic

at
io

n

Sa
fe

 a
nd

 re
lia

bl
e 

tra
in

 
op

er
at

io
n

Figure 2 – Principal functions supporting train operation in the LBT.
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Figure 1 – Track layout of the Lötschberg Base Tunnel.
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Figure 4 – Principle of the simplification of the LBT Local Controls  
in the 120 Cross Tunnels.

The achievement
Local controls
The PLCs (Programmable Logic Controllers) for all 
the systems in each Cross Tunnel (shown in Figure 3) 
for each Direction were combined into a single 
unit, bringing together those for Water, Ventilation 
(Building & Tunnel), Fire Alarms, Tunnel Doors, Video 
and Power Supplies (Figure 4). The chosen hardware 
is completely commercial off the shelf, the control 
software is tailor-made. This reduced the number of 
individual Local Control Units from 1161 to 505 and 
standardised everything on a single manufacturer’s 
platform instead of the previous six different ones. 
(see Figures 5 and 6) This was accompanied by a 
reduction in the number of Fire and Gas Detectors. 
Experience had shown that Gas Detection was 
unnecessary and that fire detection could, in many 
cases, be achieved using the continuous temperature 
monitoring installed in the control cubicles. The 
reduction in equipment meant that air conditioning 
could be removed from 250 of the 1450 electrical 
cubicles. The Gas and Fire Detection as well as 
the air conditioners all require periodic inspection 
and test. The simplifications described above have 
reduced this work load by 40%.

Figure 5 – Original Local Control Panel. Figure 6 – Local Control Panel today.

Figure 3 – Cross Tunnel between the main bores housing the local 
control cubicles. Photo BLS railway.
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TUNNEL CONTROL
Combining these Local Control functions has enabled many 

consequential control actions, e.g. switching on lights if a door is 
opened, to be done directly in the Local Control Unit. Similarly, 
the time-sequence of Fault- and Alarm-indications is now made 
clear ‘at the source’ thus preventing a flood of consequential 
alarms confusing the operator at the Control Centre.

The use of a standardised, ‘off the shelf’ data transmission 
system (IEC Bus) has enabled a comparative reduction in costs. 
The 100,000 individual Data Collection Points in the LBT are now 
administered in one central data bank for all tunnel systems. This 
has enabled a standard list structure for all systems to replace the 
previously inconsistent, manufacturer specific structures.

The measures taken in this renewal process brought an 
immediate reduction in the number of unplanned maintenance 
actions necessary in the Tunnel. Compared to 2009, the last full 
year of operation of the original systems, a total reduction of 57% 
was achieved. Alarms which require an immediate response have 
reduced by 40% and those which need action within 24 hours by 
60%. (See Figure 7)

Central Control
The Central Tunnel Control indicates the state of all the tunnel 
auxiliary systems and enables their operation by the Technical 
Operator whilst providing him with support for both the normal 
operation and in case of incident. Similarly, it provides support for 
the technicians for both planned maintenance and fault response. 
The Web-Based Technology now used allows operation from 
both the Control Centre and from mobile Notebook computers. 
The central hardware is completely commercial off the shelf, the 
software is tailor-made.

Fifty meaningful and consistent control windows have replaced 
the 800(!) in the previous system. These are complimented by 
object data lists which give a complete view of the every system 
and its current condition. A real time indication of all personnel 
present in the tunnel is also given.

The new system provides effective support for the Technical 
Operator in case of an incident. A minimum number of ‘mouse 
clicks’ is necessary to fully identify any situation and the 
immediate response actions (e.g. redirection of ventilation) are 
initiated automatically. This enables the operator to consider and 
initiate follow up actions without undue urgency. The initiation of 
passenger self-evacuation has thus been accelerated.

Fault indications and equipment alarms are now consistently 
and clearly indicated in the detail necessary to allow targeted 
action on the part of the maintenance technicians.

Similarly, the collaboration between the Tunnel Technical 
Operator and the Train Controller has been simplified. 
The Tunnel Control System now directly receives relevant 
incident reports from the Train Control System and in return 
the Train Control System receives only those Tunnel Alarms 
which are relevant to Train Operation. Previously occurring 
misunderstandings between the two systems and operators have 
been eliminated.

The implemented system
The final system as implemented essentially consists of the two 
main layers, Local Control and Central Control, whereby the 
Central Control is itself arranged in three layers (Figure 8).

The lower of the two main layers consists of the all the Local 
Control PLCs in the Cross Tunnels and Equipment Rooms. These 
are connected to the IEC-Gateway of the Central Control by 
a redundant Data Network. A single Engineering Tool is now 
used to administer the complete PLC Software and to distribute 
revisions and updates should this become necessary.

The middle layer of the Central Control, the Kernel, contains 
the Data Banks for Process Model, Applications, History, 
User Management and Configuration as well as the Interface 
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Figure 8 – The three system levels of the new system.
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Servers to the Process Model, Interlocking Mechanisms and 
Access Control. Figure 9 shows a computer cabinet in one 
of the Operation Centres. The top layer contains the various 
applications:

TOM (Technical Operator Management)

This visualises the actual condition of the individual system parts, 
e.g., Water Management, Ventilation, Lighting, and enables 
their operation and control. Additionally TOM provides the 
‘cockpit’ for all other Tunnel Systems, e.g., Video, Tunnel Entry, 
Communication Network Management.

TaM (Tunnel Alarm Management)

This indicates all Alarms, Faults and Condition Messages from 
the Local Control positions. It provides an overview of all active 
Alarms and allows them to be acknowledged or suppressed or 
their attributes to be edited, as appropriate to the situation. TAM 
also enables the Check Lists, Plans, and Schematic Diagrams 
relevant to each Alarm to be retrieved and indicated. The 
graphical user interface to TAM is adapted to the needs of the 
specific User accessing the system.

TIM (Technical Incident Management)

This compiles ‘Tickets’ for each Fault or Maintenance Event 
relevant to the individual Technical Services. TIM also monitors 
the work and records Cause, Progress and Action Taken, from 
which it compiles statistics.

TEM (Tunnel Event Management)

TEM provides the support for the Technical Operator (TO) to 
deal with incidents in the LBT. It allows the exact definition of the 
event with a minimum of mouse clicks (e.g., Fire in freight train, 
position, direction etc.) initiates defined automatic reactions 
(e.g., Change direction of ventilation) and provides the TO with 
relevant Check Lists for further action.

Hist (History)

This provides the means of storage and interrogation of the 
Archive Data. This includes Alarms, Control Commands, Status 
Indications and Measurement Data. Journals and Reports, in 
graphical and tabular form, are defined and generated in Hist for 
either automated reporting or manual requests.

ET (Engineering Tool)

The Engineering Tool administers all Firmware, Software 
and Configurations in all components of the Tunnel Control 
System. Together with the Engineering Data Bank ET provides 
a complete and up to date record of the characteristics of all 
components of the system and enables their maintenance and 
configuration.

The way there
The Tunnel Control System not only provides the means of 
maintaining the required environment in the LBT for a reliable 
rail service to be operated, but most importantly, it supports the 
whole concept of safety, rescue and self evacuation in case of 
an incident in tunnel. A Safety and Integrity Level of SIL2 was 
therefore determined to be necessary. This was implemented 
in accordance with a RAMS-Plan (Reliability, Availability, 
Maintainability, Safety) produced to EN 50126. Adherence 
to the RAMS-Plan was monitored by an ongoing validation 
and verification process throughout all phases of the software 
production (Requirements, Specification, Implementation, 
Test). This process was suitably documented and provided to 
the Regulatory Authority (BAV - Bundesamt für Verkehr ([Swiss] 
Federal Office of Transport). This systematic process significantly 
simplified the targeted progress of the work.

External suppliers for the various system parts were determined 
by a WTO (World Trade Organisation) tendering procedure. The 
Local Controls and the data transmission system required two 
thirds of the budgeted finance, the Central Control the remaining 
third. The work was started in mid 2011 and completed at the 
end of 2013.

Conclusion and Lessons Learnt
The level of support provided to the Technical Operator by 
the original Tunnel Control System was inconsistent across the 
various sub-systems. This made it difficult to adequately and 
expediently react to incidents. Similarly, the diverse architectures 
of the individual sub-systems led to unnecessarily high 
maintenance costs and made it difficult to attain the expected 
availability.

This unsatisfactory situation was a result of the original 
procurement process with individual tendering of each sub-
system and without defining a real system integration function.

Experience with the new Tunnel Control System has quickly 
proven that the targets set in the revised requirements have 
been fully met and implemented within the budgeted financial 
framework.

The Technical Operators now have effective support through a 
consistent and logical presentation of information which in turn 
allows a quicker response to incidents and the prompt initiation 
of the self evacuation procedure, should the need arise. Similarly, 
the reconfiguration of the condition and alarm management has 
visibly increased the efficiency of both planned maintenance and 
fault intervention tasks of the tunnel equipment.

By re-dimensioning and standardising the system architecture 
and hardware, the expected availability was achieved and the 
maintenance needs of the Tunnel Control System itself have 
been significantly reduced. Similarly the spare parts holding 
requirements have been reduced, both in quantity and variety. 
At the same time, a higher level of system integration and 
transparency has been achieved which properly reflects the 
operative procedures and will simplify future modification or 
extension of the system.

At all stages of the planning and implementation of the new 
Tunnel Control System BLS Staff at all levels were directly 
involved.  This has ensured a high level of acceptance for the new 
system to be quickly achieved. The system was rebuilt during 
normal operation of the tunnel, which significantly reduced the 
need for training of both the technical and operating staff.

The strict use of a RAMS plan and its continuous monitoring did, 
on the one hand, increase the work-load but, on the other hand, 
forced concentration on the achievement of the defined goals 
and enabled the functional specification to be achieved on time 
and to the defined Safety and Integrity Level.

Figure 9 – The server centre in the equipment room at Mitholz.  
Note the provision for expansion.
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HUMAN FACTORS

In this article, we discuss whether and how the future tasks of 
train drivers will differ from the current ones and what efficient 
task sharing between human operators and technology could 
look like. In addition, we will name the stakeholders who can 
carry innovative tasks and task-sharing concepts further and 
summarize important questions to be pursued by future research. 
These contents are based on considerations pursued within the 
scope of the project “Next Generation Train” of the German 
Aerospace Centre (DLR). 

High-speed traffic: faster, denser and still safe 
For customers, it will remain crucial to have a means of travel at 
their disposal. These means need to enable flexible, safe, fast, 
and cheap transportation. Considering the increasing mobility 
of our society, it is possible to fulfil these customer preferences 
whilst continuously developing rail traffic in the field of high-
speed traffic [1]. Further developments are also necessary when 
considering the goals of our society holistically. Particularly, 
improving the environmental balance is an important example 
of a societal goal that pushes further developments in rail 
systems. Innovative drive technology, lightweight design, high 
control rates and new operating concepts, which allow smaller 
distances between trains, facilitate fulfilling those demands from 
society and customers. Especially the requirements regarding 
safety highlight the importance of involving train drivers and 
their work place when developing the technical system. Within 
the scope of the DLR-Project “Next Generation Train”, we 
investigated the general role of the train driver in future high-
speed traffic and potential operating modes of high-speed traffic. 
Such investigations are crucial for safely meeting the future 
transportation demands.

In future high-speed traffic, all information relevant to a train 
journey, will be available in the train driving cabin.  With the 
introduction of the European Train Control System (ETCS) 
in Germany, the ETCS-Onboard-Unit will be responsible for 
data processing, such that it contains all relevant information. 
Today, this is designated for high-speed traffic in the form of 
the ETCS Driver Machine Interfaces (DMI), which is depicted 
in figure 1. The current and formerly central role of the train 
driver to recognize external signals will be omitted completely 
in this context [2]. This frees cognitive and time resources for 
other tasks. This is why it is important to question the sharing of 
the necessary tasks between human operators and technology 
and to seek a restructuring of the tasks. Even the automation of 
speed control is theoretically possible considering the availability 
of relevant information in the onboard-unit – reflecting a central 
assumption for the automation of speed control. This would also 
question the current operating mode of high-speed traffic.

 The current operating mode is characterized by a manual 
control of the speed by the train driver and by a safeguarding 
role of the automatic train protection. In general, possible 
operating modes cover the manual control with the technical 
train protection of the train driver, the automatic driverless 
control, and the automatic control with the possibility of the 
manual intervention of the train driver [3]. The latter mode has 
advantages for a smooth workflow and is the preferred mode 
for this investigation. We prefer this mode for two reasons: First, 
it is still a long way to go to achieve automatic and driver-less 
high-speed operation especially when considering the open 
questions about technology, Human Factors, and legal issues. 
From a Human Factors point of view, for instance, changed 
communication strategies and adequately calibrated trust in 
automation play a significant role [4]. Second, the manual speed 
control, as it is applied today in high-speed train operation, does 
not seem to be efficient enough for its mapping in automation – 
due to other requirements during normal operation. Specifically, 
inputs and control commands during high-speed train operation. 
Reaction times and sensomotor processing times are more 
relevant, if velocities reach 400 km/h these can become a serious 
safety issue. In summary, it is important to keep the advantages 
of the automatic operator mode in future high-speed train 
operation, while maintaining the possibility of the train operator 
to intervene especially regarding speed control if it becomes 
necessary.

Our method to evaluate future tasks 
Our approach to the evaluation of future tasks of the train driver 
in high-speed train operation contained four main steps: First, 
we derived functions and tasks of future train drivers on the 
basis of a thorough analysis of the speed regulations and train 
protection system. Second, we conducted expert interviews, 
during which we validated the derived functions and tasks of 
experienced train drivers during high-speed train operations 
and allocated the functions to the responsibility of either, train 
drivers, or automation. We have completed these first two steps 
and will report their results here. Third, we plan to empirically 
investigate the effects of the changes in the functions and tasks 

This article was originally published in Signal + Draht magazine 
in March 2016 and demonstrates the need for and work being 
carried out to consider how the train driving task will change 
with the advent of in cab signalling especially on high speed 
lines. The IRSE is grateful to Signal + Draht for permission to 
republish the article.

The development of the tasks of train drivers  
in the future
Niels Brandenburger MSc
Scientific assistant

Dr Anja Naumann Dr Meike Jipp
Scientific assistant Chief of Human Factors

All of DLR eV, Institute of Transportation Systems, Braunschweig, Germany

Figure 1 – Speed planning and information area of the ETCS driver 
machine interface.
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of the train drivers regarding attention, achievement potential, 
fatigue, and situation awareness using the driver’s cabin simulator 
RailSET of the DLR-Institute of Transportation Systems. Here, 
situation awareness describes the operators to be awareness of 
the environment and ability to make correct judgments about 
the future development of the current situation. Last, we will 
conclude with design guidelines that optimize performance of 
train drivers’ future work places during high-speed operations.

In detail, we conducted a task analysis for our first step. During 
this task analysis, we considered ETCS Level 3, a regulated speed 
of up to 400 km/h and an automatic operating mode with the 
possibility of the human operator to intervene. Herewith, we 
selected two concrete scenarios to guarantee a clearly defined 
scope of our analysis. For the two scenarios “reduce speed/
stop” and “identify a disturbance and maintain service”, we 
derived the tasks on the basis of a Hierarchical Task Analyses. By 
applying this method, we split the main tasks in several steps as 
subtasks, to yield deep and precise insights into the subtasks and 
dependencies across the subtasks. 

During the second step, we validated the plausibility and 
completeness of the identified tasks and subtasks with expert 
interviews. Therefore, we conducted half-structured interviews 
with five train drivers. Each interview lasted between 1.5 and 2.5 
hours. All train drivers were male. Four train drivers were active 
train drivers; the fifth driver worked as a trainer. The average age 
of the train drivers were 47 years (standard deviation = 5.1 years), 
and the average job experience was 27 years (standard deviation 
= 5.7 years). All interviewed train drivers had LZB-training. 
One participant had additional ETCS-training. Moreover, all 
participants had a minimum of ten years practical experience 
in high-speed train operations. To ease participation for the 
train drivers, we interviewed them at their place of employment 
or at home. In addition, they received an allowance for their 
participation. After the interview, we transcribed and quantified 
the answers, i.e. we categorized them on the basis of main 
answers and counted the frequency of their mentioning. On 
the basis of these frequencies, we finished the Hierarchical Task 
Analysis, compared its results with the contents of the interviews, 
and thus came to a plausible and complete listing of future 

tasks of the train driver. In this context, we also analysed the 
possible timeline and parallelism of the tasks to predict situations 
with high and low workload and to derive a starting point for 
supporting assistance systems. The results follow below.

Definition of the task allocation between  humans 
and technology
Before we describe the future tasks of the train driver in the two 
scenarios in more detail, we will discuss the judgements of the 
experts regarding the functions of train drivers, within which 
concrete tasks are located. Figure 2 depicts the quantitative 
results of the judgments of the function allocation. Experts 
considered especially the communication, the provision of 
operational knowledge, and – to some extent – the supervision 
of the track as future tasks of the train driver in high-speed train 
operations. In contrast, the experts considered supervision of the 
technical systems onboard and specific components of the train 
and the automatic activation of decelerations as tasks of technical 
assistance systems. Interestingly, the experts could not clearly 
allocate the tasks “adjust speed” and “malfunction diagnosis” 
to either human operators or technical systems. However, there 
was a tendency towards allocating it to the technical systems. 
The unclear allocation of diagnosing incidents seems plausible, 
because the correct diagnosis depends not only on diagnostic 
mechanisms, but also on human background and world 
knowledge but also regulatory knowledge. The unclear allocation 
of the task to control speed is less clear because the initiation 
of decelerations were clearly allocated to the technology. One 
reason therefore may be a strong subjective preference of the 
experts regarding the automatic speed control – either for or 
against, which would have caused the unclear allocation through 
averaging. In summary, the experts confirm our preferred 
operating mode of automatic driving with the possibility for the 
train driver to intervene. 

Results regarding the selected scenarios
The operating scenario ”reduce speed/stop“implicates major 
changes in the tasks of the train drivers because of the selected 
operating mode. Where there is no incident, the train driver 
no longer needs to actively control. Nevertheless, monitoring 
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Figure 2 – Allocation of future tasks to human operators or technology for high-speed train operation.  
Grey indicates outcome uncertain, green indicates machine control and blue indicates task remains under human control.
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the speed remains a safety-critical and difficult task. The safety-
critical task of the operator is to recognize and understand the 
information provided by the display, to identify the need to 
decelerate, and to supervise the technological components 
when they decelerate. An efficient supervision of automatic 
procedure places high demands on sustained attention and 
situation awareness. As a result, the train driver has to know and 
understand the current operating situation. In addition, the train 
driver needs to have the capability to predict the future status of 
the operating situation in a reliable manner. This responsibility is 
not easy for the train drivers, because they have to establish and 
maintain this knowledge and understanding by interpreting the 
information provided by the displays. Without this knowledge 
and understanding, it is hardly possible to monitor the automatic 
deceleration, to evaluate their purpose, and especially to notice 
the absence of a necessary, safety-relevant deceleration in 
high-speed operations. It is thus necessary to foster sustained 
attention and situation awareness for such tasks. Examples are 
design measures, the generation of specific task schedules, and 
the implementation of information- and assistance systems – a 
major part of our research at the Human Factors Division of DLR.

The second scenario ”diagnose incidents and maintaining 
service” is a relatively rare event in high-speed train operation. 
Nevertheless, the scenario should be treated with care, as the 
tasks of the train drivers greatly vary from those during normal 
conditions. Particularly, when incidents occur, the train driver 
has the responsibility to perceive the incident, to gain a picture 
about the incident, to identify potential reasons for the incident, 
and most importantly, to maintain the train operation in a safe 
and efficient manner. With regard to the perception of incidents, 
knowledge about the context and the operating situation and the 
regulatory framework play a central role. Without this knowledge 
and the information, the train driver has no reference and needs 
to rely on the displays and autonomous incident recognition. This 
is why information processing plays an important role here. In 
addition, the train driver will have to rely on autonomous incident 
recognition even more during future high-speed train operation 
as the technical complexity increases. Then, knowledge about 
the context becomes an even more crucial when evaluating and 
prioritizing incident reports. It is under investigation how incident 
reports should be provided in the future and how context 
information should be made available. In theory, haptic and 
auditory warnings might be well-suited in addition to different 
modes of information representation. 

Intermediary results and future work
In the following, we will comment and conclude on the results 
of the expert interviews about future tasks of the train driver in 
high-speed train operations. We asked comprehensive questions 
about current and future tasks of the train drivers in high-speed 
operations.. 

The majority of our participants indicated that the train-driver 
job has a relatively high level of mental workload (four out of five 
answers). Yet, they also indicated that routine tasks play a crucial 
role of their job (also four out of five answers). It also became 
clear that technology is an integral part of the system (three out 
of five answers). Moreover, the participants told us that monotony 
characterizes the normal operating conditions at least to some 
extent (two out of five answers). As examples you will find three 
citations from these interviews below: 

“(Der Beruf des…) Lokführers ist durch die ständige 
Aufmerksamkeit und Beobachtung ein schwieriger Beruf. Das 
ist eine psychische Beanspruchung.“ 

[“(The job of…) a train driver is a difficult job due to the need 
to continuously pay attention and conduct observations. This 
is mental workload.”]

“Wenn ich zu viel Routine einkehren lasse, dann ist 
irgendwann die Gefahr sehr groß, dass ich kleine 
Veränderungen nicht mehr feststelle.“ 

[“When I allow routine to pass by, then, I run into the danger 
of not noticing small changes.”]

“Alles von Hand; das geht heute gar nicht mehr und schon 
gar nicht bei 250 km/h.“ 

[“Hand in hand. This does no longer work, especially not 
when driving at 250km/h”]

These citations demonstrate that, already today, there are starting 
points for human-centred improvements of the job design. These 
starting points will gain importance when increasing the number 
of technical systems and an increasing level of automation. 
Our interview partners also highlighted the dependency on 
technical systems without which the ambitious claims regarding 
the transportation system today and in the future can not be 
met. The selected operating mode of autonomous operation 
with intervention possibilities for the train driver was contrasted 
in the interviews by the points of view of the highly experienced 
train drivers and teachers. Their judgments about the allocation 
of tasks in high-speed train operations goes hand in hand with 
the characteristics of the autonomous operating mode with 
intervention possibility of the train driver and thus supports our 
assumptions. We can thus conclude that the preferred operating 
mode could be validated successfully with experts. Nevertheless, 
future work will focus on questioning this mode with regard to 
the performance of the train driver. Therefore, empirical studies 
in the simulation environment RailSET of the DLR Institute of 
Transportation Systems will be conducted.

The main tasks of the train driver in the scenario “reduce speed/
stop“ are the perception and processing of display information, 
the derivation of a valid mental model of the current situation, 
and the anticipation of future changes of the situation and the 
communication of these changes. In case of a malfunction, 
it is the task of the train driver, to establish a comprehensive 
picture about the incident, to check the error message by 
drawing on operation and professional experience with 
regard to its plausibility. On this basis, hypotheses need to be 
established to identify causes for the incidents and appropriate 
countermeasures. Again, these causes and countermeasures 
need to be evaluated mentally to come up with a precise 
diagnosis of the incident. Then, actions can be derived to 
maintain the operating mode of the system.

In general, it can be summarized that the job of the train 
driver will change remarkably in next decades due the technical 
developments. These changes basically refer to the regular 
operating mode during which the train driver is an active part of 
the control loop, during which the train driver can be considered 
a supervisor, who intervenes only in case of foreseeable 
undesirable developments. In case of incidents, the train driver 
will remain an integral part of the active control loop, at which 
end it is important to keep the system operational. 
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Railways are in many senses ‘mature’.  They have been around 
for 150 years, and wherever they have been introduced they 
have shaped our lifestyles, work patterns, our towns and cities, 
industrial activity and much more.  It could well be argued that 
in their time, railways have had a more fundamental influence on 
society than the present information technology revolution.

But it is information technology that is now leading the way, 
and the world’s railways need to take full advantage of the 
opportunities that this new revolution offers.  In doing so, we also 
have to recognise the challenges that information technology 
presents, particularly that of cyber-security. Information 
technology has made it possible for systems to communicate 
with each other via computer networks but has also made them 
vulnerable to attack via those same networks. Cyber-security is 
concerned with protecting systems against this new threat.

Modern railways are, of course, already heavily dependent on 
sophisticated data management, control and communications 
systems.  Increasingly they make extensive use of software-
based systems that are connected to, or dependent upon, 
systems outside the railway’s ‘owned infrastructure’, (making 
use of the internet, GPS, etc.).  They also increasingly depend 
upon commercial ‘off-the-shelf’ (COTS) hardware, software and 
firmware that has been developed for multiple applications, 
many of them not railway-specific.  We may eventually even see 
systems  that incorporate situational awareness, self-learning, 
reasoning and autonomous behaviour, which we have not 
hitherto seen on the railways.

This progressive sophistication of systems and their integration 
with non-railway infrastructure and systems will increase the 
railway’s vulnerability to both unintentional and malicious 
disruption by organisations and individuals intent on causing 
damage, disruption and threat to life. Attacks  on key systems 
could result in disruption of train services across a widespread 
area, even if they do not directly jeopardise safety.  A poorly 
designed system could have many weaknesses that make it 
vulnerable to cyber attack, including:

• Unencrypted communications;
• Insecure software coding practices;
• Insufficient data validation;
• Inadequate security access controls for personnel (both 

physical and software-based);
• Unsecured third party and remote connections;
• Potential for connection of unauthorised media (USBs etc.);
• Misconfigured firewalls;
• Poor configuration control;
• Inadequate malware protection;
• Poor segregation of high security and other networks  

(e.g. public wifi on trains);
• Lack of network security event monitoring.

The need for enhanced system security is therefore evident and 
essential.  International Standard IEC 61508-1:2010 (Functional 
safety of Electrical, Electronic and Programmable Electronic 
Safety-related Systems) requires “malevolent and unauthorised 
actions to be considered during hazard and risk analysis” (clause 
1.2k) and mandates that  “If the hazard analysis identifies that 
malevolent or unauthorised action, constituting a security threat, 
as being reasonably foreseeable, then a security threats analysis 
should be carried out.” (clause 7.4.2.3).  It will be interesting 
to see whether this is reflected in the ongoing revisions of the 
railway-specific equivalent standard, EN50126.

Defending against cyber threats may necessitate re-thinking our 
traditional approach to ‘fail-safe’ design of train control systems, 
which is at variance with the need to prevent “denial of service” 
attacks.  This design philosophy means that a malfunction 
involving a fail-safe part of the system (including potentially those 
caused by cyber attacks) will bring the railway to a standstill.  
Signalling systems are therefore particularly vulnerable to attacks 
that aim to disrupt the operation of a railway, even though safety 
may not be directly threatened. 

Building security measures into a system is complex and 
challenging. Railways are not unique in being a system of 
systems. Any software-based system is almost certainly 
composed of sub-systems, components and software that have 
been sourced from multiple suppliers, including at the most 
fundamental level, chip designers and manufacturers, operating 
system suppliers, etc.  At the bottom of the hierarchy, these 
companies are providing general-purpose platforms and building 
blocks that can be used to construct a range of different systems.  
They will not necessarily know what their products are being used 
for, and will at best usually incorporate only generic cyber threat 
counter-measures into their products.  At the other end of the 
supply chain, the railway infrastructure operator or train operator 
may understand the overall system of systems for which they are 
responsible, but they are unlikely to understand all the security 
measures built into the system, sub-systems, components and 
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interfaces, nor how they work together effectively.  Between 
these two extremes, there will be system integrators, designers, 
sub-system suppliers, etc.  Each one might reasonably be 
expected to do their best to ensure security within the scope of 
their contribution to the overall system (bearing in mind that they 
may not all know what that larger “system” is). 

So we are faced with situations where no one necessarily 
understands all the counter-measures in the overall system, nor 
all the vulnerabilities arising from the integration of a number 
of sub-systems and components that have come from different 
sources.  Nevertheless, the challenge is not insurmountable.  
There are standards and guidance notes available (see list at 
end of this article) that aid a systematic, risk-centred approach to 
cyber threat resilience.  Important principles for the specification, 
design and integration of secure systems include:

a) Using secure methods of system software design and 
development, with risk-based security assurance. 

b) Firewall zoning of vital and non-vital sub-systems within the 
overall system architecture, to protect those that are the most 
important from operational and safety perspectives.  

c) Protection against the corruption of software, data and 
messages, including encryption and digital signing of 
operationally critical data to prevent tampering and illicit use, 
and robust bounds checking to ensure that malicious data 
does not cause software to malfunction.

d) Authentication of transmitted data to verify that received data 
originated from a valid source, not from a fraudulent one (use 
of cryptographic keys for authentication, etc.).

e) Validation and coding techniques to reduce the likelihood of 
errors being made by personnel when entering critical data 
(e.g. on board trains).

f) Physical security, to ensure that only personnel who have 
been authorised to access or work on the systems are able to 
do so.

g) System monitoring and behavioural analytics to detect 
intrusions.

But good initial design is not sufficient.  Conventionally, train 
control systems are designed to be safe. We understand the 
risks to safety, and we design to prevent or mitigate them.  
Provided we use those systems within the scope of their intended 
operation, and we maintain them in good order, they will 
generally continue to control the risks satisfactorily.  The risks 
arising from cyber threats are different, however.  Those who 
perpetrate such threats are forever looking for new vulnerabilities 
in systems.  The fact that your system was acceptably secure 
yesterday is no guarantee that it still is today.  Vigilance 
throughout the operational life of systems, and responding 
appropriately to newly emerging threats , is essential in order 
to maintain protection and resilience.  It also requires good 
collaboration between organisations and companies, and the 
sharing of cyber threat knowledge between organisations, in 
order to keep abreast of changing threats.

Ensuring that a system remains secure during operation 
therefore requires a proactive approach. Vulnerabilities and 
threats develop over time and need to be continuously assessed. 
Formal vulnerability management procedures are required 
in order to detect, evaluate and react to newly published 
vulnerabilities and changes to the threat landscape. Security 
patches cannot be applied to safety-critical system without 
analysing their potential impact on the safety case, so it is 
important to assess the impact of each threat and consider 
whether alternative controls are available. Software vulnerabilities 
can be very dependent on the exact version of the software, so 
this requires close collaboration with the vendor, who can advise 
on whether the system is affected by a particular vulnerability and 
provide patches that have been tested and certified. 

Security is not just about prevention but also includes detection 
and response. If something goes wrong, it is important to 
detect it early and respond appropriately as soon as possible. 
A cyber-security incident response plan should be developed 
and integrated with other business continuity, disaster recovery, 
and emergency response plans. An early warning system should 
be established to detect and respond to security alerts and 
incidents. All security incidents should be formally reported and 
reviewed, and lessons learned should be captured and fed back 
into the incident response plan. 

Further guidance on best practice for vulnerability management, 
incident response, and other key activities for ensuring the 
security of operational systems can be found in the Centre for the 
Protection of National Infrastructure (CPNI) good practice guide 
on Security for Industrial Control Systems.

In summary, therefore, it can be seen that ensuring and 
maintaining security and resilience in the ‘cyber’ world requires 
not only sound technical design, but also strong collaboration 
between supply chain partners, the sharing of knowledge about 
changing threats, and unremitting vigilance throughout the 
operation of the system under consideration. Security should 
be a concern throughout the entire life cycle of a system, from 
procurement through design, construction, operation and finally 
decommissioning and disposal.

Standards and Guidance
IEC 62443 (all parts), Industrial communication networks – 
Network and system security.

ISO/IEC/TR 19791, Information technology – Security techniques 
– Security assessment of operational systems.

UK Department for Transport– Rail Cyber Security Guidance to 
industry: http://bit.ly/2hmJtXq.

National Cyber Security Centre – Security for Industrial Control 
Systems – A good practice guide: http://bit.ly/2hsewxT.

Work has just started on the development of a new standard on 
IT Security for railway signalling applications, under the direction 
of CENELEC group SC 9XA.
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Introduction
Under the lead of the UIC (International Union of Railways), the 
SATLOC project has investigated and demonstrated a low-cost 
solution for automatic train protection and supervision of the train 
operation for low traffic-density lines. It is based on autonomous 
train location using GNSS (Global Navigation Satellite System) 
and other sensors and a communication-based transmission of 
movement authorities. The project was funded within the EU-FP7 
research program and it was supervised by the GSA (European 
GNSS Agency). 

The length of the railway network in Europe is about 
225,000 km. More than 40% of this network consists of single-
track lines, of which a large part are local lines. These lines fall 
into the ‘group 5’ category according to UIC classification (leaflet 
714 edition 2009) and they tend to have relatively low traffic 
density, and often have obsolete signalling systems or none at all. 

Many of these lines have difficulties in ensuring the usual quality 
and safety parameters. They incur heavy maintenance and 
operational costs caused by the need to keep obsolete systems 
operational, and also require intensive personnel involvement. 
As a consequence, many of them risk closure. An effective and 
inexpensive way of improving the safety and efficiency of low 
traffic-density and regional lines is therefore urgently needed.

SaTLOC
The investment cost for ETCS equipment and new interlocking 
is not affordable. Hence new solutions are needed. SATLOC has 
shown a new approach using state-of–the-art technologies. The 
SATLOC system supervises and controls the whole operation 
of low traffic-density lines. The functionality of SATLOC is 
comparable to ETCS level 2 or 3. Hardly any expensive track-
based infrastructure is required. Interlockings may be omitted as 
well, depending on the operational situation of each line. 

SATLOC focuses on four innovations in this field:
(1) Innovation 1: Extensive use of GNSS.

Introduction of virtual balises including an appropriate digital 
route map for the transformation of the GNSS coordinates 
into line-specific coordinates.

(2) Innovation 2: New communication channel.
Use of commercial mobile carriers with TCP/IP 
communication instead of GSM-R.

(3) Innovation 3: Safety for GNSS applications.
Closed Loop Control of the GNSS data for position and 
speed of the train.

(4) Innovation 4: Operational aspects:
• Use of spring switches for intermediate crossing stations 

on single-track lines to avoid costly interlockings;
• Completely centralised supervision of the whole 

operation;
• Supervision of shunting by the central dispatcher.

The positive results achieved during the last ten years by several 
European Union (EU) and national projects have contributed to 
SATLOC. The EU project LOCOPROL (ended in the year 2005) 
investigated the GNSS-based solutions for low traffic-density 
lines. Other signalling and rail technology-integrating industries 
have also proposed the use of GNSS. The EU project APOLO 
(ended 2003) realised and tested the ‘virtual balise’ concept with 
applicability in conventional railway signalling. The EU project 
GADEROS (ended 2005) used field tests and simulations with real 
data to prove the compatibility and interoperability of the virtual 
balise with the ETCS standard. The GRAIL project series has also 
investigated the use of GNSS for improved ETCS odometry.

The System architecture
The SATLOC-system is based on three main components:

(1) Traffic Control Centre (TCC) including the Radio Block Centre 
(RBC).

(2) Data radio transmission using ETCS messages on a TCP/IP-
based communication layer.

(3) Onboard Unit (OBU) with GNSS and additional sensors for 
train location and a Driver Machine Interface (DMI) in each 
cab of the train.

Figure 1 depicts the main components of SATLOC.

Traffic Control Centre and Equipment in the Stations
The SATLOC-TCC is based on the Invensys (now Siemens Rail 
Automation) ETCS RBC. The TCC has been adapted because 
there are no local interlockings. The crossing stations are 
equipped with spring switches (trailable points) for standard train 
crossing. Manual operation of the switches is required for any 
other operations like shunting or overtaking a train. 

The dispatcher is able to supervise the whole traffic due to 
the reported positions of the trains. The dispatcher sends a 
movement authority or a shunting authority to each train. The 
TCC ensures the conflict-free issue of these authorities.

Data Radio Transmission
The data radio system is based on the use of packet-switched 
data transport using UMTS (Universal Mobile Telecommunications 
System) commercial mobile carriers. The availability of 
commercial data radio in the area of the test track is very 
good. The main partner was Vodafone Romania which issued 
appropriate SIM cards. Vodafone enhanced the service by 
enabling national roaming which leads to a diverse availability of 
different networks. This roaming allows a long-term availability 
of radio communications which is considered as sufficient for the 
requirements of a train control system.

Onboard Equipment
The Onboard Equipment (OBU) consists of an onboard computer 
based on the system Siemens Trainguard STC (Satellite Train 
Control ) [1], [2]. This is shown in Figure 2 overleaf.
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Three sensors are used for the autonomous train location: 

(1) GNSS receiver for GPS (American GNSS) and EGNOS 
(European Geostationary Navigation Overlay Service) signals 
and GALILEO (European GNSS) signals, if available in the 
future. 

(2) An odometer, which is mounted on one of the axles of the 
trainset. 

(3) RFID balises, mounted within the stations to achieve track 
selectivity (see figure 3). The GNSS accuracy is not sufficient 
for the distinction of parallel tracks. The SATLOC test track 
has been equipped with low-cost balises for rail applications 
(a Harting product) but standard ETCS balises might be used 
as well in the future.

The onboard equipment is completed with a driver machine 
interface in each cab, a data radio modem and an appropriate 
antenna for the UMTS communication. The onboard computer 
can activate the emergency brake of the train using direct digital 
output signals.

The functionality of these elements is comparable to the 
equivalent elements of an ETCS onboard system.

The Test Track
SATLOC has been tested on the Romanian regional line from 
Brasov to Zarnesti. This line has two segments. The first segment 
from Brasov to Bartolomeu (4 km) is part of the single track 
Brasov–Sibiu main line which runs in parallel to the double track 
and electrified Bucureşti–Brasov–Cluj main line. The Infrastructure 
Manager is CFR (Căile Ferate Române – Romanian State 
Railway). The second segment of the SATLOC test line runs from 
Bartolomeu to Zarnesti (23 km). This part of the network is owned 
by the Romanian state but is rented and operated by a private 
operator named RCCF (Infrastructure Manager) and Regio Trans 
(Railway Undertaking). The regional trains from Brasov to Zarnesti 
are operated by this private operator.

The signalling system on the CFR infrastructure is a classical 
signalling system equipped with line block (BLA) and 
interlockings in each station. The double-track main line will 
be equipped with ETCS level 1 in the near future. The ATP 

Figure 1 – Main components of SATLOC.

Figure 2 – Main components of onboard equipment. Figure 3 – Balise mounted on a wooden sleeper on the test track.
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(automatic train protection) system is the INDUSI system which 
is the traditional standard in Romania. The signalling system on 
the privately operated segment has old mechanical semaphores, 
manually operated switches and an electromechanical block 
system (Siemens & Halske). In each station, a minimum of three 
employees are necessary to operate the switches and the signals. 
Between Bartolomeu and Zarnesti, there are two crossing stations 
(Cristian and Râşnov) and the final station Zarnesti. The signals 
are equipped with INDUSI ATP as well.

The timetable has a schedule of one regional train per hour and 
per direction which leads to 15 trains per day. In addition, there 
are some freight trains per day.

The geographic situation of the test line assures good visibility 
of the GNSS satellites (GPS as well as EGNOS satellite PRN 126) 
as there are no large buildings and no tunnels on that line.

Use of TCP/IP
As mentioned above, a packet-switched radio connection is used 
for train track communication within the SATLOC system, instead 
of a circuit-switched connection based on GSM-R. A GSM-R 
network does not exist in the area of the test track. In addition, 
economic considerations for future applications led to the 
decision to use a commercial mobile network for safety-critical 
railway applications.

To assure an appropriate level of security, two main aspects 
were implemented:

(1) Authentication according to the ETCS standards with session 
keys and the well-known CBC MAC (cipher block chaining 
message authentication code). That means that the ETCS 
safety layer remains unchanged.

(2) The TCP/IP connection between OBU and TCC is established 
using virtual private networks (VPN) which are provided by 
the mobile carrier in cooperation with the application. Each 
OBU has its own VPN. This situation is depicted in Figure 4.

During the test phase of SATLOC, this TCP/IP communication 
was checked intensively. Noticeable interruptions in the 
communication did not occur. The delay of the messages during 
the transmission via the radio network was less than 200 ms. 
Compared to the defined latency of ETCS which specifies a 
maximum delay of 500 ms for the transmission of a 30 Byte data 
telegram (99 %), this value of 200 ms demonstrates a very reliable 
communication. [2]

Use of GNSS
One of the goals of SATLOC was to demonstrate the use of 
European GNSS technology in the rail sector. This was done 
by the use of EGNOS signals and the preparation for GALILEO 
signals. EGNOS is the European space based augmentation 
system for GPS signals. The geostationary EGNOS satellites send 
correction data for the GNSS rovers and they send information 
about the functionality and availability of the GPS satellites. Both 
signals are used. The correction data enhances the accuracy of 
the location data and the additional information improves the 
reliability and safety of the GPS location. GPS data is not used if 
the EGNOS information emits an appropriate warning. 

SATLOC in Romania used the EGNOS satellite PRN 126, which 
is very well located for the Romanian geographic position. 

The integrity risk of the GNSS/EGNOS positioning function 
is 2.5*10-7 for each fix, given open-sky visibility, with a 
normal accuracy better than 3 m (typically 1m with EGNOS 
augmentation). This would lead to a safety level which is inferior 
to the ETCS standard. To improve the safety level of SATLOC, a 
closed loop control was introduced. This will be described later. 

SaTLOC and ETCS
Technical Considerations
SATLOC uses a subset of the standard ETCS messages for 
the train track communications. The following table gives an 
overview of the messages used for registration, movement 
authority, shunting authority, and emergency braking.

ETCS message ID Train to track data message content
129 Validated Train Data

130 Request for Shunting

132 Request of Movement Authority

136 Train Position Report

146 Acknowledgement

147 Acknowledgement of Emergency Stop

150 End of Mission

155 Initiation of a Communication Session

156 Termination of a Communication Session

157 Start of Mission Position Report

159 Communication Session Established
Figure 4 – Architecture of the communication system.
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SATLOC
ETCS message ID Track to train data message content 

2 Staff Responsible Authorisation

3 Movement Authority

6 Recognition of Exit from Trip Mode

8 Acknowledgement of Train Data

16 Unconditional Emergency Stop

18 Revocation of Emergency Stop

24 General Message

27 Shunting Refused

28 Shunting Authorised

32 Configuration Determination

38 Initiation of a Communication Session

39 Acknowledgement of the Termination of 
a Communication Session

40 Train Rejected

41 Train Accepted

The safety layer and the application layer of the Euroradio 
definition remain unchanged. All positional references are given 
in offsets and directions with respect to the last relevant balise 
group. In most cases, these balise groups are virtual balises 
within SATLOC. The reference between the virtual balises and the 
line mileage is given by the digital route map which is the same 
data basis for the onboard unit as well as for the TCC.

Operational Considerations
SATLOC supports all the relevant ETCS operation modes such as 
Stand By, Staff Responsible, Full Supervision, Trip, and Post Trip. 
As an example, Figure 5 depicts the sequence of requesting and 
receiving a movement authority. 

There is one operational difference between SATLOC and 
ETCS concerning the shunting mode. ETCS defines the 

automatic deregistration of the train at the RBC after receiving 
a shunting authority from the RBC. This suits well if there is a 
local interlocking with track clearance devices like axle counters 
or track circuits. As SATLOC does not have local interlocking, 
it is essential for the train to remain registered to have position 
reports from the train during shunting. After the end of shunting, 
the train deregisters and registers with new train data. The 
occupation of a track as a result of shunting has to be reported 
by voice communication between the responsible train driver 
and the train dispatcher. An appropriate ERTMS change request 
needs to be initiated to allow this option.

SATLOC and ETCS Compatibility
SATLOC is not completely compatible with the existing standard 
of ETCS (baseline 3.0). Due to European regulations and the 
requirement of mixed operation of SATLOC trains and ETCS 
trains, interoperability is an important issue. Planned future 
developments of ETCS are considered, and SATLOC will become 
ETCS-compatible. The compatibility issues are:

(1) TCP/IP communication: This issue will be solved when the 
change request #0741 is implemented in the ETCS standard.

(2) Virtual balises: There are many ongoing activities to enhance 
the ETCS standard with virtual balises using GNSS signals. 
Therefore this issue may be solved in the near future as well.

(3) Digital Route Map: This issue will be partly solved when 
virtual balises are introduced. Remaining issues should be 
solved afterwards.

(4) Track clearance: SATLOC relies on the train position reports 
concerning the track clearance according to ETCS Level 3. 
Trains which have no technical train integrity supervision must 
be handled with operational rules.

SATLOC does not need any local interlocking in the stations. 
This issue influences the SATLOC TCC but does not influence 
the track train interface of the ETCS messages. The TCC may be 
enhanced with local object controllers, e.g. to supervise the final 
positions of the spring switches.

Figure 5 – Request and sending of a movement authority.
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SATLOC and ETCS Interoperability
Considering the above-mentioned status, the interoperability will 
be given in both directions [5]:

(a) ETCS-equipped train enters the SATLOC line (see Figure 6a):
ETCS train (Level 2) registers at the SATLOC-TCC like 
registering in the RBC. The line may be equipped with ETCS 
balises, especially at critical points.
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(b) SATLOC-equipped train enters ETCS line (Level 2) to finish 
its travel to the next main station (see Figure 6b):
SATLOC train registers in the RBC of the main line. The 
SATLOC train should be equipped with an ETCS balise 
reader.

Figure 6a – ETCS train running on the SATLOC line.

Figure 6b – SATLOC train running under ETCS L2.

Safety Considerations
SATLOC improves safety of low traffic-density lines with high 
reliability and comparatively low costs. To assure safe operation, 
the following features are implemented within SATLOC:

(1) Supervision of the movement authority
When the SATLOC train runs in ‘Full Supervision’ mode, the 
compliance of the MA will be supervised and enforced if 
necessary.

(2) Supervision of the maximum speed
The static speed profile of the track as well as the dynamic 
speed profile of the MA will be obeyed by the SATLOC-OBU. 
An emergency brake will be issued conditionally.

(3) Supervision of the shunting area
When the train is in shunting mode, the train will be 
subjected to an emergency brake if it passes the borders of 
the shunting area.

To reduce investment costs, the OBU is designed for SIL2. This 
leads to affordable costs for the train equipment and will be 
acceptable for many low-traffic lines based on a risk analysis, 
according to CENELEC standards.

SATLOC has introduced a special innovation to improve the 
safety level of the train location. The train location is a crucial 
function concerning safety. This improvement is achieved through 
supervision of the GNSS data using so-called ‘closed loop 
supervision’. The train sends its train position (packet 0) and the 
GNSS raw data (packet 44) to the TCC every 5 seconds. This data 
is checked in the TCC and the plausibility is proved in various 
ways. If the TCC detects incompatibilities or errors, the TCC will 
send an emergency stop to the train. This special feature (see 
Figure 7) will improve the safety without any additional hardware 
cost.

Position report
and GNSS raw
data every 5 s

Trafffic Control 
Centre

Checks plausibility
of train position

Satloc Train – SIL2

Emergency brake if
inconsistency

detected

Figure 7 – Closed loop control of train position.

Test Results
As mentioned above, the pilot was installed in Romania on a 
secondary low-traffic line: Brasov–Zarnesti. Two trainsets have 
been equipped with the OBU, the DMI, and the appropriate 
sensors. The TCC has been installed in Zarnesti, including the 
specific layout of the test track.

Many test runs have been executed to test all components. The 
main focus was placed on the TCP/IP-communication and the 
train location and operational aspects.

(1) The results concerning the TCP/IP communication were 
very satisfying. As mentioned above, the latency time of the 
transmission was very low (less than 200 ms) and there were 
no lost telegrams. Due to the use of a VPN, security issues 
have been considered as well.

(2) The localisation algorithm using GPS and EGNOS 
augmentation worked well. The use of the EGNOS integrity 
information was included successfully. It has to be mentioned 
that the correct configuration of the GPS receiver is very 
crucial and receivers optimised for use in the aircraft industry 
are not optimal for trains.

(3) The above-mentioned plausibility checks of the train position 
by the TCC worked well. When GNSS data was not plausible, 
the TCC triggered an emergency brake.

(4) As the test runs were executed partly within normal 
commercial operation (in background without safety 
relevance), it could be shown that the operational sequences 
and operational rules would fit very well into the daily 
operation of such a line.

Today, the pilot is in the process of homologation together with 
the Romanian Railways Authority (AFER).
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SATLOC
Economic Situation
SATLOC will be able to contribute to a major improvement of 
the cost situation of secondary lines. Old signalling equipment 
has to be replaced; full ETCS equipment is not affordable. 
SATLOC will be a good compromise between cost, safety, and 
ETCS compatibility. Figure 8 shows a view of SATLOC efficiency 
compared to classically signalled systems.

A number of cost benefits of SATLOC have been identified 
based on experiences in the project: 

• The onboard equipment has no BTM (no antenna and no BTM 
software); this may reduce the onboard cost by 30%.

• The onboard DMI is simplified, i.e. only the essential 
information is given to the driver, thus cost benefits can be 
achieved. 

• The train-EVC interface is simple – only the traction and brake 
controls are applied; the application can follow the rolling-
stock standards for connectivity, i.e. digital direct actuators 
to the controls e.g. a CAN standard network interface if 
available – cost is minimised.

• The onboard localisation function is qualified to SIL 2; higher 
is not necessary since the TCC and trains follow up a closed 
loop interrelation to reach a tolerable hazard rate for the 
train even higher than ETCS. From this point of view, TCC 
and trains (e.g. trains and infrastructure) together build 
the full functionality and safety of the system as a whole. 
ETCS is based on ‘independency’ of the safe behaviour of 
infrastructure and of the trains – this makes ETCS safety 
vulnerable to ‘actors’ safety failures which are not controlled 
in a systematic RBC-train closed vision. ETCS Level 3 will 
probably reconsider this vision. 

• The radio system (as also in another potential project ERSAT 
in Italy) does not rely on GSM-R but on other non-proprietary 
systems based on the market-leading technologies (UMTS, 
satellite telecom, etc.). In the case of SATLOC, this is 
a significant reduction in capital expenditure (CAPEX). 
The operational expenditure (OPEX) reduction is also 
considerable because the use of necessary data messaging 
intensity is at marginal cost in 3G or 4G communication 
technologies. 

• The control of the radio connection is total (by default) thanks 
to the train-tracking function, which demands that each 
train reports position and speed (with GNSS time stamp) 
every ‘n’ seconds (5s selected for real-time reasons) in 
SATLOC. Therefore the system is surveyed as a whole and 
simplification of the sequences is achievable. This allows 
simplified software for backup and transitions to radio-holes; 
this leads to a cost reduction. 

• The use of RFID tags (low -cost equipment) is only limited in 
time, to assist over a period of time (until the experience of 
using trailable locked spring-switches) when total confidence 
in the autonomous control of these switches will be available 
to the safety authorities. The evolution is also expected to 
be completed, in connection with the improved accuracy, 
once GALILEO is fully available and, together with GPS, will 
be the basis of normal accuracies in the sub-meter range 
(to complement the switch info with track discrimination by 
GNSS localisation). Even now, SATLOC can run without RFID, 
but the decision is to maintain RFID until this evolution is 
achieved. 

• The On Sight and Staff Responsible modes of ETCS have 
been condensed into one: Staff Responsible. Simplification of 
modes of transitions is achieved with cost reduction. 

• The shunting function is simplified (change request for low 
traffic-density lines) with logically controlled shunting and 
separation of the shunting area from the passing traffic. The 
shunting train cannot exceed the protected shunting area. 
This concept leads to a significant reduction for the RBC – 
cost reduction. 

• The SATLOC braking curves are adapted (simplified) to the 
maximum speeds (e.g. 100 or 120 km/h) and train categories 
of the regional traffic; for the Romanian application, the 
same braking curves as are now approved for the INDUSI 
ATP system. In contrast to INDUSI, SATLOC manages the 
continuous braking and not only the initial check. This gives a 
cost reduction of the OBU and simplification of the RBC. 

• In SATLOC applications, the GNSS absolute position is an 
integration platform for reaching directly available additional 
services, with high impact on rail transport, e.g. space-related 
information systems, line management, traffic management, 
and optimisation. But, given the requirements of low traffic-
density lines, no significant increase of line capacity is needed 
and no moving block algorithms are envisaged in the RBC. 

Figure 8 – SATLOC efficiency vs classical signalling systems.
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Starting from the third exploitation year, the benefit for this line 
is €162 000/year which gives a CAPEX (investment) recovery of 
approximately four years. The potential benefits do not include 
the increase of the income from the transport service due to 
increase of the transport quality, reliability, timing, and quality 
migration opportunities. 

Conclusion
SATLOC is a modern, low-cost signalling system for low traffic 
lines, which today represent nearly 40% of the European network. 
SATLOC has shown a new approach using state-of-the–art, 
existing technology for autonomous train location using GNSS 
and EGNOS augmentation, train control and communication.

The SATLOC project has produced the necessary FRS 
(Functional Requirement Specification) and ORS (Operational 
Requirement Specification) documents, describing the full 
operational specification and the functional analysis of the system 
(train and TCC). The scope is to enable the system design. 

The FRS description provides [3]: 

• The list and characteristic of the major functions (macro-
functions) of the system which assure compliance with the 
operational requirements;

• The identification of the macro-functions that are relevant to 
safety. 

It analyses the safety-critical path for guaranteeing the operations 
that are relevant to safety 

The SATLOC safety target is defined using the ALARP (as low 
as reasonably practical) methodology in consideration of the 

existing operational system on the pilot line and is not inferior 
to the ETCS THR target (in the ETCS Reliability, Availability, 
Maintainability and Safety standard).

The system design and its practical applicability have been 
proven with fully equipped trains on the pilot line in Romania 
between Brasov and Zarnesti.

Summing up, this article shows that SATLOC is an integrated 
system for assuring train safety and improving operational 
reliability on railway lines with low traffic (e.g. regional branch 
lines) in an attractive economic scenario. [6]
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Sepura TETRa integrated with Siemens ETCS

[RGI] Sepura Group business Teltronic has announced the 
successful completion of integration of its TETRA technology with 
Siemens’ ETCS Level 2. This follows extensive testing at Siemens 
facilities in Berlin to verify that it met the parameters outlined in 
the EIRENE specifications for railway communications. 

Teltronic said its NEBULA infrastructure and EN50155 compliant 
onboard equipment could offer a cost-effective option for 
operators in areas where long distances need to be covered and 
ETCS can be costly to deploy, such as in Australia, South America 
and Africa and on mining and freight lines. 

Certification “paves the way for TETRA to offer the 
railway transport sector secure, efficient and cost-effective 
communications, even across significant distances”, said Felipe 
Sanjuan Pasamar, Sepura’s Business Development Director for 
Transport. “It also continues our long-term co-operation with 
Siemens, begun with our master agreement signed in 2011 and 
proven over projects such as Mozambique’s Nacala Corridor, the 
Warszawa metro and Monterrey metro”. 

Siemens completes ETCS baseline 3 
interoperability tests

[RGI] SWEDEN: With assistance from open access train operator 
Hector Rail, Siemens undertook two weeks of ERTMS testing on 
the West Coast main line in southwest Sweden during November 
2016, aimed at validating the Baseline 3 specifications for cross-
border operation in Scandinavia. 

A Siemens Vectron multi-system electric locomotive was 
equipped with a Trainguard 200 onboard unit, plus Specific 
Transmission Modules for both the Swedish ATC2 and Danish 
ZUB 123 national train protection systems. It was then operated 
at up to 200 km/h over a lineside installation configured to 
represent the signalling interface between Sweden and Denmark 
on the Öresund Bridge. The tests on the Västkustbanan 
were observed by representatives from both Trafikverket and 
Banedanmark. 

Trafikverket is responsible for the implementation of ERTMS in 
Sweden and is currently developing the regulatory framework in 
close co-operation with industry stakeholders. 

According to Anders Danström, the ERTMS project manager for 
Siemens in Sweden, “we have been working very hard for several 
years to get our Trainguard 200 OBU adapted and approved 
for the Scandinavian market. To be able to demonstrate in 
practice the system´s compatibility with both the Swedish and 
Danish national signalling systems shows that our work has been 
successful.”

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

The changing face of IRSE NEWS
Ken Burrage

Issue number 1 of IRSE NEWS was produced in October 
1982 during the Presidency of Philip Wiltshire and its first 
editor was Council member Bob Blyth who at the time was 
Divisional S & T Engineer at Manchester. Council had agreed 
at its meeting on 8 December 1981 to introduce a newsletter, 
initially on a trial basis, with an ultimate objective of publishing 
four editions a year. Oversight of the production of IRSE NEWS 
was made the responsibility of the Institution’s Recruitment 
and Publicity Committee. It is due to the hard work of this 
Committee and the various editors of the magazine that 
IRSE NEWS has grown and developed from its rather modest 
beginnings to become the well thought of publication that it is 
today. Membership surveys have consistently shown that IRSE 
NEWS is considered by members to be good value and highly 
appreciated. 

The early editions consisted of six pages in black and white 
newsprint and sufficient material for typically two issues a year 
was managed at first. The membership of the Institution in 
1982 was 1936 and IRSE NEWS was sent to all of them. Bob 
Blyth was responsible for issues Nos 1 to 5 up to April 1984.

The next editor was Mike Hewett, of the Railway Engineering 
School, Derby, who took over from issue No 6 in December 
1984. Mike was responsible for the next nine issues until 
No 14 in November 1988. IRSE NEWS continued to appear as 
before, twice a year with the usual six pages, but by the time 
of Mike’s last issue it had developed to become an eight-page 
magazine.

From issue No 15 the editorship of IRSE NEWS was taken on 
by the two-man team of John Francis, of Westinghouse Brake 
and Signal Ltd, as editor and Tony Rowbotham, of GEC-GS, 
as assistant editor. A new format was adopted from issue No 
16 in September 1989 and the Institution membership had by 
now grown to 2119.

The new editorial team achieved the Council’s original aim 
and from issue No 15 in March 1989 IRSE NEWS appeared 
four times a year as an eight-page magazine. From issue 
No 32 in February 1994 the size was increased to 12 pages 
and further updating and improvements to the style and 
presentation of the magazine continued over the years. From 
1996 six issues a year were being produced sent out to 2807 
members and the IRSE NEWS had become firmly established 
as the most popular of the Institution’s services. The Golden 
Jubilee issue No 50 in September 1997 was a bumper issue 
of 32 pages, the first to use all colour and also including 
advertisements.

From January 1999 the magazine was increased in size again 
to 16 pages with the adoption of colour advertising and colour 
covers and issued six times a year. Further developments 
included e-mail contributions from May 1999. Colour 
throughout was introduced in 2001 and in 2002 another 
increase in size to 20 pages for each issue was made.

From issue No 84 in May 2003 the magazine format was 
updated again and was being published and issued to 3055 
members ten times a year. It now comprised 24 pages of 
colour throughout with advertising. 

Further increases in size followed, first to 28 pages and then 
by issue No 90 in December 2003 to 32 pages. After 15 years 
as editor, and with his election as Junior Vice President at the 
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AGM in April 2004, John Francis handed over the editorship 
of IRSE NEWS to Ian Allison. Tony Rowbotham continued his 
valuable contributions to the editorial team as assistant editor 
and the Recruitment and Publicity committee continued 
with their oversight of the development of the magazine. 
The new editorial team took over responsibility for the IRSE 
NEWS with effect from issue No 93 in April 2004. In 2005 the 
design layout and production process of IRSE NEWS which 
was being done by an external contractor was brought in 
house and put under the control of IRSE Fellow Stuart Angill 
as Production Manager. Another update to the format was 
implemented with issue No 110 in December 2005 and the 
Institution membership by this time had grown to 4083.

With the Institution’s ever increasing membership numbers 
and following feedback from the Membership surveys a 
major revamp of IRSE NEWS was undertaken for 2009. The 
format and style of the magazine was updated again and 
Assistant Editors were recruited to help with the increasing 
editorial workload. The new appearance was launched 
with issue No 141 in January 2009 and the magazine now 
consisted of 34 pages and the Institution’s membership had 
grown to 4251. 

This new appearance only survived for four issues because 
in May 2009, again in response to membership feedback, the 
whole brand image of the IRSE was being revised and IRSE 
NEWS issue No 145 was used as the vehicle for the launch of 
the Institution’s new visual style. 

Sadly Stuart Angill died in August 2014, the victim of a 
tragic road accident near his home in the south of France. He 
had been the Production Manager for IRSE NEWS for nine 
years and 95 issues. His successor in this role and currently 
responsible for the design layout and production of the 
magazine is IRSE Fellow Mark Glover. Another stalwart of 
the editorial team retired in September 2015. After 26 years 
of service to the magazine as Deputy Editor, during which 
time he helped to produce 200 issues of the News, Tony 
Rowbotham handed over this role to Andrew Emmerson.

Since June 2016, the editorial committee has had 
something of a reshuffle to minimise the pressure of 
producing such a complex publication. Today Ian Allison 
is the Managing Editor, with a team of three Contributing 
Editors (David Fenner, Ian Mitchell and David Stratton) 
heavily involved in the more complex main articles. The 
Assistant Editors around the world retain a pivotal role in 
sourcing articles and making sure that the content is relevant 
to as much of our membership as possible. And this brings 
us to the latest update which, in the interests of providing a 
newer more modern look and to allow more space for the 
cover picture, appeared for the first time in September 2016 
with issue No 225. The Institution membership has now 
reached well over 5000 and IRSE NEWS is provided to all 
members either in hard-copy or electronically according to 
their choice.

Successful enterprises are those that evolve by a process 
of continuous improvement to meet the expectations of 
their customers with high quality product. From its early and 
tentative beginnings 34 years ago the Institution’s magazine 
has been carefully and gradually developed by a dedicated 
band of conscientious volunteers, working on behalf of all the 
membership, to turn the magazine into the splendid, popular 
and well regarded publication that IRSE NEWS has become 
today.

Our grateful thanks are extended to all those who have 
been involved over the years and “CONGRATULATIONS” to 
the new look IRSE NEWS.

Level CrossingsJapanese approach
Chinese PrinciplesGetting ready for the convention

Closer RunningThe art of the possible

IRSE NEWS
September 2016
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PROFESSIONAL LIVES

  News from the IRSE
Francis How

5th Presidential Programme Technical Paper
The fifth of our Presidential Programme Technical Papers will 
be presented in London on 8 February by John Martin and 
Eduardo Olleta (of Atkins, UK).  The event takes place at the IET 
(Savoy Place) at 18.00, with refreshments available from 17.30.

The paper is titled “Automatic Testing of Interlocking Signalling 
Controllers”, and the authors will explore the solutions applied 
by Atkins for the automated testing of the software for a SIL4 
signalling interlocking controller using BS EN50128.

aTO seminar, London
The IRSE and the Institution of Mechanical Engineers are jointly 
running a one day seminar on the subject of Automatic Train 
Operation.  The event will be taking place on 16 February in 
London.

ATO is common on metros, but so far has been little used on 
other rail networks.  But with the pressure to increase capacity, 
and the introduction of ETCS, there is both a need and an 
opportunity to broaden the application of ATO to national rail 
networks.  This Seminar will explore those opportunities, as well 
as the technical and operational challenges.

For more information, and to book places, visit  
http://bit.ly/2gpFZ3O.

annual Dinner in London
The IRSE’s Annual Dinner will take place at The Savoy in London 
on the evening of Friday 21 April, at which our Guest of Honour 
will be David Waboso, Director of the Digital Rail Programme in 
Great Britain.  If your company wishes to host a table at this ever-
popular event, please contact Hilary Cohen in the IRSE office 
(hilary.cohen@irse.org) as soon as possible.

The meeting will be preceded by the Institution’s Annual 
General Meeting, at 18.00 in the IET Savoy Place (next to The 
Savoy).

book now for the IRSE 2017 Convention:  
25 – 29 September
The 2017 IRSE Convention takes place in September, in the 
Dallas/Fort Worth area of the USA.  We are now taking bookings 
for this event – go to the Convention page of the IRSE website at 
http://bit.ly/1TdsxOr or to the Events Calendar at  
http://bit.ly/2h6ydxz.  

Proceedings 2015-2016
The 2015-16 Proceedings of the Institution (which form the 
record of our activities during the year) are now available on the 
IRSE website. Visit http://bit.ly/2hUeTmb to view them.

IRSE in Denmark
Do you live or work in Denmark?  We would like to hear from 
you, to find out how many IRSE members might be interested 
in attending a few local technical meetings or visits in Denmark. 
There are many projects underway, and things to see and discuss. 
A first visit to witness CBTC testing, and to view the facilities in 
the new Control and Maintenance Centre at Vasbygade for the 
new Copenhagen Cityringen CBTC system, is being planned.  
Please make contact with Ross Gammon via rega@bane.dk.

Toronto CbTC Seminar: Presentations available
The presentations given at the highly successful and sell-out 
CBTC Seminar in Toronto on 1st December are now available on 
the IRSE website.  Visit our seminar and conference papers page 
at http://bit.ly/2h6ADMV, and then click on CbTC Seminar.

IRSE MATTERS

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.

Also look out for our tweets at  
@IRSEHQ.

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.

Thanks for checking!
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NORTH AMERICAN SECTION
an overview of the IRSE CbTC Seminar, Toronto, December 2016

yousef Kimiagar

Introduction
More than 110 attendees representing 40 firms from around the globe 
came together in Toronto at Fairmont Royal York on 1 December  2016. 
This was the first IRSE “CBTC and Beyond” Seminar in Toronto and 14 
speakers from the industry shared their visions and experiences about 
Communications Based Train Control Systems.

In  recent years major transit projects have been launched in Toronto 
and many firms have increased their presence in the region. Most of 
these projects employ CBTC technology for the train control system. 
The region is rich with the CBTC experts, mainly due to the presence 
of the Thales Rail Signalling Solutions CBTC Centre of Excellence in 
Toronto, the Bombardier manufacturing and development in Kingston, 
and the Alstom TTC ATC CBTC project. 

Yousef Kimiagar, the chairman of the organizing committee, welcomed 
everyone to the first IRSE CBTC Conference in Toronto, and on behalf 
of the IRSE thanked the attendees, the speakers and the sponsors of 
the event. Yousef said that despite increasing the capacity of the event 
by 10% in the final days, some last minute applicants had remained on 
the waiting list because of its popularity. 

Yousef introduced the 92nd President of the IRSE, Charles Page, 
and invited him to make the opening presentation. For the benefit 
primarily of non-members, Charles started by explaining that the IRSE 
is a ‘Professional Engineering Institution’, promoting best practice and 
professional standards for benefit of the signalling and train control 
systems profession, and society as a whole. He explained the activities 
of the IRSE, which include the presentation of technical papers and 
site visits, publishing technical information and a monthly journal 
“IRSE NEWS” that is available to all the members in 53 countries 
around the world. The IRSE Licensing Scheme, introduced in 1994, 
provides a means of competence certification in 50 categories 
for personnel undertaking work in the railway signalling and 
telecommunications industry.

The speakers
The keynote address was given by Mike Palmer, the Toronto Transit 
Commission’s (TTC) acting Chief Operating Officer. He is responsible 
for the operation of the four subway lines in Toronto with an annual 
ridership of well over 500 million/year. Mike presented his golden 
rules for success – the concept of operation, good human factors, 
operational integration, winning hearts and minds, scope creep and 
migration strategies, level of influence, trial operation and the fact that 
it is all about ‘people’.

This address was followed by presentations from experts and 
professionals covering a range of CBTC-related topics, which are 
summarized below.

Jane Ng, Vice President with Thales, has been in the urban rail 
signaling industry for 40 years. She summarised the history and the 
evolution of the CBTC over the past three decades, noting that Toronto 
is the birth place of CBTC that was successfully demonstrated in 1980. 
Subsequently, moving block CBTC was deployed on Scarborough 
Rapid Transit (SRT) in Toronto and the Sky Train in Vancouver in 
1985. This was considered a game changer, introducing a disruptive 
technology after more than 100 years of fixed block signaling. By 
1995, Tampa APM in the US, London DLR, Newark APM, Ankara, 
San Francisco and Jacksonville ASE had all started employing CBTC 
technology. This growth has continued worldwide, and in the last few 
years there seems to be a lack of experienced resources who could 
support the demand. Jane highlighted the benefits of the CBTC and 

Yousef Kimiagar introducing the conference.

IRSE President Charles Page in full flow.

Mike Palmer of TTC made the keynote address.

Jane Ng of Thales.
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the adoption of this technology in new regions such as China 
and the Middle East. Based on the statistics presented, CBTC 
continues to be the safest and the most cost efficient train control 
system while offering the maximum grade of automation, GOA4, 
a fully driverless unattended system as was deployed on the Sky 
Train in 1985.

Adrian Peach, Senior Associate, and Mridu Dutton, Senior 
Project Engineer with Hatch gave a presentation on CBTC in 
Heavy Passenger Rail Applications and the associated challenges 
for the industry. They looked at the present day CBTC systems, a 
generic heavy passenger rail, mixed fleet network and analyzed 
the key issues that must be overcome to implement CBTC in this 
environment. These include infrastructure complexity, mixed-
mode operation in mixed fleets, overlay on other systems, 
reconfiguration after commissioning, and interfaces with grade 
crossings.

Shantilal Morar, Technical Director with Thales, examined the 
recent cases of resignalling large and complex conventional 
signalling systems using CBTC. He analyzed the challenges 
with London Jubilee and Northern lines, the lessons learned 
throughout the resignalling of an old infrastructure, and the 
benefits of high return resulting from investing in CBTC systems. 
He spoke about current trends in resignalling projects such as 
London Four Lines Modernization (4LM) and the Hong Kong MTR 
7 lines resignalling by reviewing the challenges and the migration 
strategies.

Jonathan Hulse, Engineering Director with Parsons, spoke 
about the Secondary Train Control (STC) for the Bay Area Rapid 
Transit (BART) System that is currently undergoing a brownfield 
Train Control Modernization (TCM).  This involves implementing 
CBTC across the entire network with the objective of increasing 
the line capacity, improving the reliability availability and the 
maintainability. This will be the largest CBTC project in North 
America and the objectives are expected to be achieved 
in parallel with keeping the Bay Area passengers moving 
throughout the program implementation. He continued with the 
review of the FTA Report #45, Level 0 to Level 5, that ranges 
from CBTC only to adding a secondary train protection system 
such as wayside signals or cab signals with mechanical/electronic 
train stops, providing a back-up ATP for non-CBTC maintenance 
vehicles and non-communicating trains.

The luncheon address was given by Dr Alan Rumsey, on the 
topic of “Are you a Visionary or a Skeptic?”.  Dr Rumsey is a 
member of the IRSE’s governing Council and a well-known figure 
in the industry. He was the Chair of the IEEE Working Group that 
developed industry consensus standards for Communications-

Above, an excellent attendance for this first CBTC conference.
Right, Dr Alan Rumsey giving the luncheon address.

Based Train Control (CBTC) systems. He took the audience back 
to the early 1970’s when he included the following definition of 
an ideal transportation system in his thesis:

“An ‘ideal’ transportation system should be capable of moving 
people safely and efficiently from any given origin to any given 
destination with minimum delay and at a reasonable cost.  
Vehicles should be available ‘on demand’ and should be quiet, 
comfortable and pollution free.  A direct origin-to-destination 
service implies a high-density network linking all major centres 
of activity with frequent access points.  Such a network would 
almost certainly be on or above ground level because of the high 
cost of tunnelling, and therefore must be designed so as not to 
intrude on the urban environment.  This suggests a system of 
relatively small vehicles travelling on lightweight guideways.”

“Any new transportation mode will undoubtable be either 
partially or fully automatic since only by automation can full use 
be made of the system capacity.  With a computer controlled 
system it is possible for vehicles to travel in safety at much 
shorted headways and they will no longer be required to operate 
on a fixed time-table since schedules can be continuously 
updated to suit fluctuating passenger demands.” [The entire 
paper is published on the IRSE website at  
http://bit.ly/2i1QYR8 .]

Dr Rumsey spoke about the birth of CBTC technology and 
the first deployment in Toronto and Vancouver. From his point 
of view, the vision for ICTS/SkyTrain embraced many of the 
earlier visions of PRT, with respect to fully automated (driverless), 
small, lightweight vehicles, operating on lightweight elevated 
guideways, with frequent stations, integrated into the urban 
environment. The success can be measured by the degree 
that the industry has now become comfortable with CBTC and 
Moving Block. Dr Rumsey’s final message was:
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“By all means listen to us grey-haired old-timers, learn from 
our experiences, and try to avoid the mistakes we have made in 
the past.  But more importantly, have the courage to create and 
pursue your own visions for the future.  We are fortunate to live in 
a world where we are no longer constrained by technology.  We 
are only constrained by our imagination and our vision.”

Gregoire Sulmont, Vice President with Systra, was the first 
speaker in the afternoon, presenting the highlights of the NYCT 
multi-supplier interoperability program. He described the New 
York City Specific Transit situation and project road map for the 
future. He spoke about the I2S interoperability concept initially 
developed in 1999 and comparing that with the current concept. 
The safety certification of the Queen Elizabeth Line (QBL) 
project is the next critical step in the development of NYCT. 
In conclusion, over the last 20 years, NYCT has developed a 
comprehensive strategy for its CBTC program based on multi –
supplier interoperability.

Xiaoguang Sun, a Senior Research Engineer from the China 
Railway Signal and Communication Corporation (CRSC), 
continued with the interoperability theme and spoke about the 
development of the interoperability of Urban Rail Transit in China. 
By 2018 four metro lines supplied by four signal companies will 
be put into operation in the city of Chongqing to explore and 
apply the interoperability of CBTC systems. He spoke about the 
standardization of system structures and functions distribution, 
telecom protocol, electronic map description mode, engineering 
design specification and installation requirements to achieve 
CBTC interoperability. In addition, compatibility between CBTC 
and CTCS-2 (Chinese high speed rail train control system level 2) 
for interoperability between urban transit lines and regional 
intercity lines will be explored. There are solutions under 
development for adding track circuit readers on CBTC vehicles, 
adding wireless communication system on intercity vehicles, 
adding CBTC modules on mainline onboard signal systems, and 
adding mainline modules on CBTC onboard signal systems.

Kate Dobson, Senior Human Factors and Ergonomics Specialist 
with SNC-Lavalin, presented the topic of Human Factors and 
Ergonomics in Advanced Train Control Systems. According 
to the Federal Railroad Administration, “Human errors now 
account for more than one third of all train accidents in the US 
railroad industry”. Kate reviewed the impact of advanced train 
control technologies on the context of operation itself and the 

opportunity for design in simplicity and transparency to ensure 
that users remain informed about what the automated activities 
are and why they are being undertaken. Based on case studies 
from CBTC work experience in the UK, USA, Canada and Japan, 
suggestions have been made to further integrate signalling or 
train control systems seamlessly with other operating elements of 
a metro or railway system, both onboard the trains and at central 
control from the operator’s point of view. She elaborated on the 
cause of human errors and what the designers can do to avoid 
these errors.  It has been suggested that automation amplifies 
the consequences of equipment and human failures unless the 
operator remains ‘in the loop’ until such time as automated 
systems can sense, interpret, and control all the myriad of 
variables that influence train control. The benefits of integrating 
human factors into the design of advanced train control systems 
were summarized as lower cost, improved systems performance, 
improved usability, intuitive and integrated design, reduced 
human error, improved worker well-being, increased user 
acceptance and compliance with human factors regulations and 
best practices.

Dave Keevill, Technical Director with Parsons, was the next 
speaker, presenting the benefits of CBTC systems in providing a 
high grade of automation (GOA), whether for a greenfield project 
for the deployment of a new transit system, or for upgrading from 
a more traditional signaling system. He questioned whether a 
higher GOA is always desirable, and the factors for consideration 
in selecting the GOA.  He reviewed the historical timeline of the 
evolution of automation, the benefits and drawbacks of increased 
GOA, and the limitations of signaling technology in providing a 
higher GOA.

Joseph Greco, Manager Technical Solutions with Bombardier 
Transportation, spoke about advanced diagnostics with CBTC. 
With traditional systems, diagnostics are split between wayside 
and on-board subsystems and data is not easily integrated and 
sequenced between the onboard and wayside. With CBTC, 
communication between the wayside and the vehicle includes 
ATP information, Movement Authority, Speed Restrictions, etc. 
from the wayside to the vehicle, and reports of train location, 
speed and travel direction, etc from the vehicle. This data is 
integrated so that data mining can be easily performed to 
evaluate many operating aspects of the system. He identified 
some of the types of analysis that can be performed on the data, 

Day one speakers, top row, from left to right: Adrian Peach and 
Mridu Dutton, Shantilal Morar, Jonathan Hulse and Gregoire Sulmont.

Bottom row, left to right: Xiaoguang Sun, Kate Dobson, Dave Keevil and 
Joseph Greco.
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for instance to identify improvements that can be made in system 
operation, to detect system components that are degrading to a 
point of failure to help schedule predictive maintenance before 
failure, and to provide the capability to review events in order to 
identify root causes of failures.

Raheel Qureshi, Cyber Security Design Authority with Thales, 
highlighted that the communications based signaling technology 
(CBTC) has transformed the rail signalling industry in the 
era of digitization and mobile communication. With the new 
technology, CBTC provides numerous benefits such as increasing 
capacity, operational efficiency, reducing headway and improving 
the ability to respond to growing passenger demand. With 
this evolution, together with growing business requirements 
for connectivity, and the evolving cyber threat landscape, it 
has become vital to ensure the confidentiality, availability and 
integrity of signalling networks. Raheel shared insights on proven 
security architecture best practices to ensure a defense-in-depth 
approach, including embedded cyber solutions to detect and 
prevent cyber-attacks. 

The last speaker was Naeem Ali, Director & Principal Consultant 
with CBTC Solutions, who spoke about the next steps in the 
evolution of CBTC. He highlighted the limitations of the current 
CBTC products and the opportunities for restructuring the 
CBTC architecture to overcome the limitations imposed by three 
specific subsystems. These are Automatic Train Supervision 
(ATS) which monitors and controls trains; the Zone Controller 

(ZC) which controls all elements along the track; and the Vehicle 
On-Board Controller (VOBC) which controls the equipment on 
the train. Naeem regards these subsystems as technical ‘silos’ 
which, although they communicate with other subsystems, pass 
only the essential information required to keep the trains moving. 
However, there is an opportunity to strip the ZC of its primary 
functions such as train tracking, safe train separation, routing and 
movement authority, and move these into the VOBC.  This would 
reduce the role of the ZC to being object controllers responsible 
for controlling the switches, platform doors and other objects 
on the track. This architecture could open the doors to reduced 
headways, reduced (but still adequate) safety distances, reduced 
response times, reduced trackside/wayside hardware, and trains 
that are able to communicate with each other.

Technical visits
The second day of the Seminar featured a technical tour of the 
TTC’s CBTC Test and Training Facilities at Wilson Yard. Two 
TTC shuttle buses picked up the attendees from the Fairmont 
Royal York Hotel at 7.30am and headed to Wilson Yard, about 
20 km north. The agenda included visiting the training facilities, 
experiencing the cab simulator, visiting the car house and 
riding the CBTC equipped train. Delegates saw the test facility 
equipped with the newly developed Automatic Train Control 
(ATC) equipment from Alstom that is being deployed on the 
Yonge University Spadina (YUS) line and the Toronto York 
Spadina Extension (TYSSE). The different types of equipment 
that were installed in the trailers by the side of the test track 
used for testing the hardware, software and the communication 
network were explained to the delegates. The technical tour 
included visiting the maintenance and repair facilities. At the 
end, the visitors rode on a train equipped with the CBTC 
system demonstrating the automatic ride. On board tour guides 
explained the equipment installed on the train and the different 
modes of operation. 

Sponsors
Our thanks to our sponsors and supporters of this event – 
Parsons, Gannett Fleming, Hatch, TUV Rheinland RSC, the 
Toronto Transit Commission, CRSC, Thales, Systra and Canarail.

The event was organised by IRSE member Yousef Kimiagar, 
MMSc, PEng, PMP.  Yousef is a senior executive with over 30 
years of engineering and management experience.  He can be 
contacted at yousef.kimiagar.ca@ieee.org.

Our final speakers, Raheel Qureshi and Naeem Ali.

Below, the delegates experiencing a virtual ride in the cab simulator.
Right, visiting the maintenance facilities at Wilson Yard.
Bottom, the entire group during the visit.
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MIDLAND & NORTH WESTERN SECTION
an Inspector calls

Report by Peter Halliwell

The first meeting of the 2016/17 session for the Midland & North 
West Section was held at the offices of Network Rail at Square 
One in Manchester on 13 September 2016.  It was a day when 
the monsoon came to Manchester and the guest speaker had to 
talk over the hammering of the rain on the roof of the building.

Ian Maxwell, Head of ERTMS at the Office of Rail and Road 
(ORR) informed the group about the role of the ORR and along 
the way cleared up a number of myths and misunderstandings.  
In a 35-year career on the railway Ian has had jobs throughout 
the signalling asset lifecycle and he admitted that preparing this 
presentation had taught him things about the ORR.  There were 
two themes to the presentation: there is masses of information 
on the ORR’s website (Photo 1) and all the ORR’s duties can be 
identified in legislation.  The ORR’s duties are different for rail and 
for road and whilst for road it is limited to economic oversight of 
Highways England for rail it is safety supervision of the railways 
of Great Britain and economic regulation of Network Rail as a 
monopoly supplier of the national railway network.

The safety role is principally the activities of what was 
previously Her Majesty’s Railway Inspectorate (HMRI).  The most 
significant changes in recent years being the transfer of accident 
investigation to the independent Rail Accident Investigation 
Branch (RAIB) and removal of the approval of signalling scheme 
plans.  The general duties in the ORR safety role are set out 
in the Railways Act (2005) and under the Health and Safety 
at Work Etc. Act (1974).  These enable the Chief Inspector to 
confer enforcement powers on Inspectors by issuing them with 
warrants (Photo 2).  Whilst ORR would in the first instance always 
want to guide safety without intervention it has a trio of options, 

Photo 1 – Plenty of information about the ORR and its work can be 
found on the website, www.orr.gov.uk.

improvement notices, prohibition notices and prosecution.  As 
Theodore Roosevelt wrote “speak softly and carry a big stick; you 
will go far”.

Again, in the legal framework the ORR has been involved in 
the operation of level crossings throughout its existence.  There 
was an interesting discussion on the circumstances which could 
see ‘new’ or re-opened level crossings.  It was also interesting to 
consider the part the ORR has to play as train control and train 
operation moves to be more integrated in the systems installed 
in the trains with the fixed infrastructure and the communications 
network.

A direct consequence of the break-up of British Rail into the 
multiplicity of enterprises which now make up the GB main 
line railway is the integration of these into a safe operation 
which is as far as possible seamless to the passengers, freight 
customers, neighbours and other stakeholders.  Part of the 
formal arrangements is a set of licenses issued by ORR to train 
operators, station operators, light maintenance depot operators 
and a Network License to Network Rail (NR) to operate and 
maintain the infrastructure; NR is also licensed as a station 
operator.

Finally, Ian took us through the complicated funding 
arrangements where ORR acts as an agent of the state in setting 
network outputs to be achieved by Network Rail and a level 
of funding which it believes is commensurate with efficiently 
achieving those outputs.  There was further debate on the role 
of the state through the DfT in franchising train services and 
contracting with train operating companies setting service levels, 
outputs and incentives which do not necessarily reconcile with 
the expectations, funding and efficiency with Network Rail which 
is itself in effect another agent of the state.

It was a great way to start the new programme and the room in 
Manchester was packed with enthusiastic members and visitors.

Photo 2 – An ORR Inspector’s warrant card.
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YORK SECTION
October and November technical papers

Report by Tony Pinkstone

Chairman Doug Gillanders welcomed members and guests to  
George Stephenson House on 27 October. He then introduced 
Matt Gunn of Network Rail who would present his paper on “The 
experiences of a young Signal Engineer – a perspective of the UK 
rail industry with heritage and modern railways”. 

Matt had begun his railway career as full-time employee on 
the North Yorkshire Moors Railway. As an electrical engineer he 
became Duty Electrician. As a small organisation the emphasis 
was on inter-departmental co-operation and working together. 
He had started by working on general electrical work such as 
appliance testing, providing power supplies and projects such as 
providing LED lighting in Grosmont (Pedestrian) tunnel. He gave 
the example of testing a portable power cable which had two 
taped joints approximately 4ft 8 1/2 inches apart! Obviously run 
over by a train and crudely repaired. He had then become more 
involved in signalling, which on a heritage railway was traditional, 
with a notable resistance to change and the adoption of new 
technology.  His interest in signalling led to his applying for and 
being accepted for a post with Network Rail. This had progressed 
to his present post in the Signalling Design Group in York. He is 
now studying for a degree at Warwick University.

Matt gave a detailed account with excellent illustrations of 
his involvement with the North Lincolnshire resignalling project 
which involved replacing the life-expired, mainly mechanical, 
signalling and the associated level crossings in the Immingham 
and Scunthorpe areas and moving control to the York Regional 
Operations Centre. This involved the closure of one of the largest 
mechanical signal Boxes left on the national network, Wrawby 
Junction. The commissioning was watched by large numbers of 
enthusiasts and numerous items of equipment were salvaged for 
use on Heritage railways. The resignalling possession was also 
used by the Civil Engineers to replace two underbridges at Kirton 

Lindsey and Blyton one of which involved the sliding-in of the 
complete bridge structure consisting of the deck, abutments and 
base all in one concrete unit, pre-cast on site. This was a first for 
the UK.  Matt illustrated this with a very interesting time-lapse 
film of the whole operation.

Matt then concluded with  a description of his present 
involvement  with the application of SML (System Modelling 
Language)  application to the design of signalling systems , 
as  a means of designing the complete control systems and 
information networks of a modern railway, thus achieving  the 
inter-departmental and  contractor cooperation  which is 
sometimes found wanting  in the privatised, non-vertically 
integrated railway. 

A question and answer session followed in which R Storer, 
O Channings, Q Macdonald, R Pinkstone, D Bowlby, and 
G Nodes took part. Ian Moore thanked Matt on behalf of those 
present for a very interesting and well illustrated paper. 

On 24 November Chairman Doug Gillanders welcomed 20 
members and guests to the November meeting of the York 
Section at George Stephenson House. He introduced Andy 
Munro, Signalling Project Engineer with Siemens Rail Automation, 
who would present his paper on “The Borders Railway”.

This presentation was the same as the one previously given 
to the Midland and North Western Section at Derby, in a 
report written by Paul Darlington in the December 2016 issue. 
Therefore, the full details have not been provided to avoid 
duplication.

Messrs Ridge, Parker, Prins, Thompson, Storer, and Ms Nodes 
took part in the ensuing questions and discussion. The vote of 
thanks was given by Quentin Macdonald.  

MINOR RAILWAYS SECTION
Technical seminar 2017: Call for papers

Major Ian Hughes TD

The Minor Railways Section will be holding the fifth of its 
bi-annual seminars on 18 November 2017. The event will be held 
at the Kidderminster Railway Museum. 

The theme of this year’s event will be “The application 
of technology to Minor Railway Signalling and 
Telecommunications”. Members and non-members are welcome 
to attend and we will be delighted to see you at this event.  Full 
details will be circulated closer to the date. 

Members and non-members are invited to submit papers to be 
read at the seminar. Papers must be no more than twenty minutes 
in duration and presented in PowerPoint format. All papers will 
be collated for the event by me and be ready for the speaker on 
the day. Anyone wishing to present should get in touch with me 
to discuss their paper and the content etc. I can also help with 
PowerPoint if required. 

The thrust of this year’s event will be the successful 
application of technology to Minor Railway Signalling and 
Telecommunications in all its forms. Have you harnessed the 
latest technology on your railway?  We would be delighted to 
know what you have done, with what and how it went. Section 
officers will also present a paper outlining the section’s Level 
Crossing training project.

We are looking for a sponsor for this year’s event so if you wish 
to place your company and its services in prime position at the 
event please let me know.

Additionally display space is available for anyone that wishes 
to showcase their services/products to a wide audience of Minor 
Railway S&T staff at all grades at our very well attended seminar.

Please can persons wishing to present, sponsor or book a 
display stand reply to Major Ian Hughes to register interest by  
the end of April 2017 at ian@4greendragon.com  or  
+44 1912 871399. Thank you in advance.
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SCOTTISH SECTION
annual Dinner and November technical paper

Report by Neil Thomson

On Thursday 10 November, the Scottish Section held its Annual 
Dinner and Lecture.  The event, this year sponsored by AECOM, 
once again welcomed over 300 members and guests to the 
Marriot Hotel in Glasgow for yet another excellent evening.  

The Committee was honoured to welcome Jonathan Pugh of 
Network Rail who delivered the pre-Dinner lecture entitled “A 
Vision for Scotland’s Railway” which was well received by the one 
hundred early attendees and raised some very interesting and 
thought provoking questions on the network north of the border.  
In a bit of a coup for the Scottish Section, we also welcomed the 
Scottish Minister for Transport and the Islands, Humza Yousaf 
MSP, to give a short address and Q&A session prior to breaking 
up for Dinner.  It was a pleasure meeting the Minister and we 
look to forge closer ties between he and the industry through the 
local IRSE Section and the Rail Engineers Forum. 

This year the Dinner was attended by 20 different companies 
filling the corporate tables and boasted the largest number of 
open table guests ever.  The number of open table guests being 
swelled by delegates from the IRSE Younger Members Seminar 
held in the city the day before and well received by all who 
attended.  

Our Top Table guests included Adam Allan and Ian Hay 
representing our sponsors, IRSE President Charles Page, IRSE 
Chief Executive Francis How and local member and Dinner 
organiser Peter Allan.  Peter has been instrumental in the success 
of the Dinner over the years, which was recognised when Charles 
presented him with an IRSE Merit Award after Dinner for his 
efforts and dedication. 

As well as a great evening of networking and socialising, 
the Dinner is also a charitable event, raising money for our 
nominated Charity, The Railway Children.  This year we raised a 
total of £3327 which was a great return for a great cause.  

The Dinner will be back again on Thursday 9 November 2017 
and we hope to see you there!

Scottish Chair Neil Thomson and Scottish Minister for Transport and  
the Islands Humza Yousaf MSP.

IRSE President Charles Page presenting Fellow Peter Allan with his  
IRSE Merit Award.
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Are you at the right grade of membership?
Is your progression through the profession 
being recognised?
Is it time to take the next step?
Why not have a look at the IRSE website under Grades on 
the Membership tab, and consider whether you should 
apply for a higher grade of membership.
For more advice contact your local IRSE section or the IRSE 
office in London.

Do you know someone who isn’t yet a member of the 
IRSE, but would benefit from joining us? If so, please share 
the opportunities, support, information and networking 
advantages of membership with them and encourage them 
to consider whether membership is for them.

Full information can be found on the website at  
www.irse.org, and your local section will always be happy 
to offer support and advice.

Help to spread the word and to ...

Spread the word!
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FEEDBACK
Re: Signal Sighting
The article in December 2016 IRSE NEWS on Signal Sighting has 
prompted me to write a letter that I have been considering for 
sometime.

At the time of West Coast upgrade pending the introduction 
of Pendolinos, I represented the Railtrack Zone for the necessary 
assessment of each signal between Carnforth and Carlisle (Test 
Site ‘A’ at the time). There was an office bound committee that 
met periodically, never going to site, but with representatives 
who were familiar, and also videos taken from trains, to assist with 
deliberations.

One particular signal was proving intractable, and the solution 
already agreed as I joined the committee was to have a cantilever 
right over the double track and wires so that clear sighting was 
obtained round the left hand curve. This really seemed overkill 
and we at the Zone strongly opposed it.

This was at the time of the hysteria generated by the Ladbroke 
Grove collision. But, seriously, what has sighting at a major 
station exit with six (eight?) signals on one gantry across six tracks 
got to do with a single simple signal on a unidirectional track on 
a two track railway in the country?

Obscuration diagrams were introduced. If ¾ (?) of the signal was 
covered it was considered obscured. Hence the above sighting 
problem, obscuration by OHLE structures.

I observed the signal from a cab. Travelling at full speed there 
didn’t appear to be any obscuration whatsoever. Why? First of 
all with say ¼ still not obscured the signal was still visible (this in 

full daylight). Secondly, persistence of vision, and, thirdly, sway of 
the cab and one’s head, meant that the signal did not appear to 
‘disappear’ at all. So there wasn’t a problem.

Maybe at lower speeds the signal may momentarily ‘disappear’. 
But, at these lower speeds, the time after the last obscuration 
was adequate anyway.

And may I query the time needed (5 seconds + +) for 
observation of the signal? I would submit that 3 seconds is 
more than adequate. After all, the driver has the AWS to tell 
him exactly when to look. According to my calculations with 
a 220 yard AWS magnet, at 125mph, he is given 3.6 seconds 
warning, ample time to observe the signal. If anybody doubts this 
assertion, may I ask how we operate a full speed service in fog?

I believe that we moved many signals, at considerable expense, 
just to achieve, what I consider to be excessive, sighting times at 
the new higher speeds. Thus adding to the escalating cost of the 
West Coast Main Line upgrade.

I haven’t seen the new Standard. I would like to think it is a little 
more realistic than what we were working on in West Coast, but, 
somehow, I doubt it. Do we really need 117 pages for signal 
sighting?

By the way, we did stop the cantilever referred to at the 
beginning of this letter being erected, but not until after the 
massive concrete base had been poured.

David Thornber FIET, FIRSE

First international ETCS Level 1 in service

[RGI] EUROPE: ETCS Level 1 signalling was commissioned 
over the 5 km between Aubange in Belgium and Rodange 
in Luxembourg on 11 December 2016. According to Belgian 
infrastructure manager Infrabel, this is the first conventional cross-
border route in Europe to be equipped with ETCS. 

With physical work on the Belgian side requiring the installation 
of only 12 balises, Infrabel says that the principal challenge 
was to ensure the smooth interface of technical standards and 
operating procedures in order to obtain approval from the 
respective national safety authorities. 

The border crossing between Aubange and Rodange is used 
by more than 500 trains a month, of which some 400 are freight 
services, according to Infrabel.

INDUSTRY NEWS

bombardier’s new Chinese signalling joint 
venture wins first contract

CHINA: Bombardier Transportation announced in December 
2016, that its Bombardier and New United Group (NUG) 
Signaling Solutions Co Ltd. (BNS) joint venture (JV) in China 
has won its first contract. The order from Changzhou Metro Co 
Ltd is to equip its Metro Line 1 with an advanced rail control 
system. The total contract value for BNS is approximately 226 
million Chinese RMBs ($33mn, €31mn, £27mn). Bombardier 
owns 50% of the shares in BNS JV, which was established in 
2015. Scheduled to open in 2019 the 34 km Metro Line 1 will run 
from north to south, linking residential and business districts and 
connecting to the high-speed rail and public bus network.

“We are very proud to have been selected by Changzhou Metro 
to provide our advanced rail control technology for the city’s first 
metro line”, said Jianwei Zhang, President of Bombardier China. 
“Bombardier’s CITYFLO solution will enable semi-automatic train 
operation on the line, planned to transport up to approximately 
950,000 passengers per day at speeds of up to 80 km/h. This will 
significantly improve the travel time for passengers across the 
city.”

bombardier’s rail control starts operation  
in Kuala Lumpur

MALAYSIA: Bombardier Transportation has announced the 
start of operation of its first rail control safety solution in Kuala 
Lumpur, on phase one of the new Klang Valley Mass Rapid Transit 
(KVMRT) system. The first section of the automated Sungai 
Buloh-Kajang (SBK) Line opened for passengers on 16 December 
2016. It is the first of the planned three-line KVMRT network set 
to increase connectivity and reduce congestion across Greater 
Kuala Lumpur.

The 51 km SBK Line, running on elevated and underground 
tracks, will be one of the longest fully-automated metro lines in 
the world. The advanced train control solution will allow high 
levels of system capacity and safety, thanks to its full automation 
and centralized traffic management. Its comprehensive back-up 
system will enable continuity of services in the case of possible 
disruptions. Phase one of Bombardier’s delivery comprised 
equipping the central control centre, 12 stations and the first 
depot. The total scope will include 31 stations, two depots and 
58 passenger trains. Whilst completing Line 1, Bombardier’s 
technology was also chosen for the second KVMRT line.
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