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Are you listening?
In the olden
days, the
role of the
engineer (think
I K Brunel)
was pivotal
in a project.
Indeed, until
relatively
recent times
the chief
S&T engineer was at the centre
of decision making, inspiring a certain
amount of dread and awe in lesser
mortals and others outside the railway
undertaking. Why do I mention this? Well,
there is a great article in this edition of
IRSE News titled “Why do projects fail?”
which I heartily recommend that you read
and inwardly digest.
In my view, one of the underlying and
disturbing trends we are seeing is that
the project managers, accountants,
etc. hold sway, and sometimes make
‘courageous’ decisions without fully
understanding or considering the

consequences – for instance to maintain
an unrealistic completion date or come in
‘under budget’.
Cutting out scope is a classic project
management solution to meet an end
date. However, unless carefully chosen,
the scope removed could be very
detrimental to the project objectives
that justified the business case in
the first place.
The dividing up of a contiguous project
into “chunks” that allow for contestable
packaging is another trend, claimed to
deliver value for money for the client.
However, unless this is done sensibly,
arbitrary work packaging can lead to
‘artificial’ system interfaces which add to
complexity both in the project delivery
phase and, potentially, in the operational
life of the system.
As we know, whether it is a green or
brown field project, there are numerous
interfaces to be managed, and the
complexity of system integration and
operational readiness is seldom truly

appreciated outside of the project. For
politicians and some others, once the
tunnel is bored or the track is laid it
is ‘job done’ and the provision of the
operating systems is then the cause of
any project delay!
You could argue it was forever thus.
Nevertheless, project outcomes would
undoubtedly be better if properly qualified
professional signalling system engineers
(and by signalling I mean control of
traffic movements in the widest sense)
are in positions of authority on both
the client and supplier sides from the
start of the project (requirements phase,
business case), as well as throughout the
project lifecycle.
To return to my original point, I think there
are many people who influence projects
but do not have sufficient regard for
competent engineering advice. So I would
add one more item to the conclusions of
the article, namely ensure that you have
competent engineers at the heart of your
project team, and listen very carefully
to their advice.
Peter Symons, Past President
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For three decades Singapore has been at the
forefront of introducing high performance, high
reliability metro systems.
The initial lines were GoA2 systems such as these shown at
Jurong East on our cover, but most recently the Singaporean Land
Transport Authority has successfully procured and delivered GoA4
unmanned mass transit services.
In our article this month Robert Cooke explains some of the
challenges of specifying unmanned railways, and the additional
considerations that need to be taken during their adoption.
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Presidential Address:
Winds of Change

Markus Montigel
CTO, systransis, Switzerland

The inauguration of our
new President for 2017-18,
Markus Montigel, took place during
the Annual General Meeting of the
IRSE held in April. Markus presented
his views and plans for the year
ahead, which IRSE News is pleased
to share with you.
It is an exceptional honour for me to serve
as your president and to write this address.
As with my predecessor, Peter Symons,
my term will be devoted to the future
of signalling. The IRSE’s definition of
signalling includes telecommunications,
automation and associated technologies,
i.e. whatever enables the safe and efficient
control of a railway, [1].
If you had asked me three years ago
which ground-breaking innovations in
railway safety and control I expected
to see in the next few years, I would
probably have come up with little of
significance. However, much has changed
in my perception in the last three years:
The railway – and the transportation
system as a whole for that matter – could
soon face some of the most dramatic
reshaping ever.

At the border of a new age?
Between June 2015 and October 2016
I participated in the SBB project now
called ‘Smartrail 4.0’ [2], leading to
revelations I would not have thought
possible and creating an entirely new
view of how railway safety and control
could be achieved.
In a broader context, autonomous driving
has become a widely discussed subject,
first on roads and now also on rails. It has
become topical for mainline railways to
2

Figure 1 –Build a wall or a windmill when the wind changes? [7]

think about Automatic Train Operation,
see [3]. Such visions are supported and
enabled by the progress (and promises
of further progress) of modern IT,
including the appearance of seemingly
new technologies such as Big Data, the
Internet of Things and Deep Learning.
At the same time, cyber threats – long
believed to be rather imaginary in
the so-called closed networks of the
railway safety domain – have become
real, leading to the need for new Cyber
Security products and the challenge of
integrating requirements for both safety
and security into railway systems.
If these changes materialise they are likely
to revolutionise the transportation system
as a whole. Under the title “New-Rail-Deal,
Big Mix or AUTOnomy – scenarios for
the railway in the year 2040” [4], German
research claims that there is a credible
outcome in which there is practically

no role left for the railway in the overall
transportation system!
All this would affect not only the
technology of safety and control, but
the business models of the entire
transportation system in a way that is hard
to foresee today. These insights must
motivate the railway industry to increase
their innovation efforts, creating dynamics
which were not there three years ago and
representing the beginning of something
new. This cannot be a gradual change
which takes many decades, which is what
usually happens in the railway domain,
and other people seem to share my
opinion, for example as in [5] and [6].

“Winds of Change”
Reflecting on all this, I have chosen
“Winds of Change” as my theme for my
IRSE Presidential Year. The main aims
of my term are:
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∞∞ To reflect on the possible
mechanisms at work.

70%
60%

∞∞ To demonstrate some elements
on which these big changes could
probably be based.

50%

∞∞ To prepare the IRSE, i.e., ourselves,
for this future.

30%

This theme manifested itself in my mind
one day quite suddenly, and it became
considerably more interesting when I
investigated its origins. It appears to be
based on an old Chinese proverb:

40%

20%
10%
0%

Public
Transportation

General price
increase of
consumer goods

风向转变时,有人筑墙,有人造风车.

In the light of this situation, I have the
impression that the railways’ struggle
described above might soon become a
struggle for their existence! It is our task
and responsibility to reduce the cost of
signalling and create additional benefits
from it. Expressed in more direct terms,
railways must change or else! This sounds
frightening, and it is.

Build walls or windmills?
Am I the windmill-building type when
the winds of change blow? Yes, I feel
very lucky when I see the possibilities
of the exciting times we live in, despite
the worried impression I may have given
in the previous paragraphs. I see myself
as an innovator.
Most signal engineers, however, usually
seem more on the defensive (wallbuilding) side to me. I am not generally
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According to [8], the prices of public
transportation in Switzerland have
increased by about 60% since 1990,
compared with 20% in road transportation
(general price increase of consumer
goods: 30%, see figure 2). And this, it
seems, is just the beginning. Bus operators
will soon be allowed to offer services
between, for instance, Zurich and Bern for
a fraction of what the rail ticket costs. Bus
operators are even starting to attack the
rail transportation market directly [9]. Does
the added value of the rail service really
justify such high prices? Moreover, what
could happen when the bus drivers would
be replaceable by robots? And what will
happen to safety standards, if such cost
pressures are exerted on the railway?

1

In

Build a wall or a windmill when the
wind changes? This is indeed a complex
question with profound depths, and it
perfectly reflects our age-old struggle
between providing safety in a vast,
heterogeneous and complex system,
and at the same time being costeffective and efficient by harvesting the
benefits of modernity.

Figure 2 – Comparison of price increases in Switzerland 1990 – 2016.

Time of general
availability of technology

When the direction of the wind changes,
some build a wall, some build a windmill.

Private
Transportation
(Road)

Time of application of
technology in railway signalling
Figure 3 – Distance to Innovation (DTI) in Railway Signalling: is it 1 or 2?

criticising this strategy – it has proven its
merits by successfully developing the
culture of high safety standards on the
railways. And if you think about the cyber
security issue, isn’t this of necessity about
building walls? I can well understand
that perceiving today’s situation and
its extrapolation into the future could
increase this defensive reflex even further.
So, which recommendation is the
appropriate one for a president of the
IRSE to make, who is always supposed to
balance things carefully? Quite simple:
Build both! Build windmills on top of
the walls! The elevated windmills will
catch stronger winds and hence be
more efficient at no additional cost,
because our walls are usually very strong
– strong enough to sustain a modern,
elegant windmill!
What does this mean in railway terms?
We must use our very expensive safety
systems to create additional benefits at
marginal costs, for instance by using their
excellent sensing and communication
methods to create functionality

which increases the efficiency of the
overall system, such as modern traffic
management systems that optimise
capacity and the flow of trains.

How fast to innovate?
How fast should the windmills be built?
The speed of innovation in a specific
domain such as railway signalling,
compared with the speed of innovation of
technology in general, is crucial.
In the past decades, railways often seem
to have struggled with innovation. May I
refer you to the article “Why is innovation
so difficult in railways” [10] of the IRSE
International Technical Committee (ITC),
which generated a month-long heated
debate before it could be published!
If innovations are introduced into the
railway domain with only a modest time
delay, the domain is healthy (see curve 1
in figure 3). In this case, the so called
(temporal) Distance To Innovation (DTI)
is constant. However, if we behave in a
manner as depicted by curve 2 in figure 3,
then our domain is not healthy, as we
3
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will progressively lose sight of modern
technology. It would cost more and more
to modernise the infrastructure, meaning
that investment backlogs accumulate,
to the point where the existing system
becomes completely unmanageable and
would need to be abandoned. Moreover,
in general efficiency is lower in a domain
with higher DTI, leading to even less
funding being generated for the much
needed innovation.
The DTI of railway signalling in general,
and even of an individual railway, is
hard to quantify. Worryingly however,
there seems to be little evidence
for railway signalling following the
trajectory indicated by curve 1 in figure 3.
For instance, GSM-R is already four
generations behind the development of
general technology, let alone the typical
technology on which interlockings
are based in most countries. We need
to look at ourselves in the mirror: The
technological step of ETCS began some
25 years ago and is still not truly ‘business
as usual’, let alone fully implemented.
Would this happen in a truly ‘healthy
domain’, as defined above?
Contrast this picture with the initial
development of railways, which applied
modern technology almost immediately
in their early history. Examples include the
electric motor (1834) in the first electric
locomotive (1837, DTI = 3 years), the
telegraph (1837) as safe signal telegraph
(1844, DTI = 7 years) and mechanical
interlockings (1856) based the idea of the
Arithmometer (1851, DTI = 5 years) [11].
Today, I personally think we are much
closer to exhibiting the behaviour of
curve 2 and therefore, if I am correct, it is
absolutely crucial to increase the speed of
innovation in our domain.

To change stepwise or with
a Big Bang?
Another age-old question in this context
is whether to renew stepwise (in an
evolutionary manner) or with a ‘Big Bang’
approach. Should the walls be renovated
stone by stone and many new small
sections of the wall be rebuilt where and
when circumstances call for it? Or should
large segments of the wall be torn down
in one go and completely be rebuilt at
once? And how should we proceed with
the windmills? Do we adapt the walls to
support windmills when they are being
renovated, or perform this in a second
round of activity?
In my perception, a respectable majority
of signal engineers would vote for the
stepwise evolutionary strategy. In [12],
ÖBB supports this view by stating: “One
of the misconceptions is that digitalisation

4

Annual cost

Stepwise

Big bang

Accumulated cost

Stepwise

Big Bang

Figure 4 – Annual and accumulated cost in Stepwise and Big Bang Approaches (qualitative).

signifies large, disruptive changes like
autonomous driving or other hyped
technologies (though we will be waiting a
long time for a truly significant change in
rail digitalisation).”
SBB’s CEO, on the other hand, seems of
different opinion: “We would like to make
a Quantum Leap with the railway.” [6]. It is
the very nature of quantum leaps that they
have nothing gradual in them. The Danish
re-signalling project is also representative
of the Big Bang approach.
Who is right or wrong cannot be said in
general terms – it depends very much
on the circumstances. In my perception,
however, there is a too conservative
tendency in signalling, with not enough
courage to take larger steps. Much
of the risk aversion that we see in our
industry stems from problems discussed
in [14]. Several independent unpublished
studies by railways have reached the
same conclusion: Big Bang can save up
to 50% of the cost. A qualitative model
of this is shown in figure 4. While the
initial investments are higher, they drop
substantially after the innovation is in
use, because of the higher degree of
uniformity, the lower maintenance cost
and the fact that every newly introduced
system doesn’t have to be compatible
with all other legacy systems, see [13].
Admittedly, the risks with Big Bang are
higher, but so are the opportunities and
benefits, and so again we arrive at the
question: do we build walls or windmills
in the future?
There remains the question of the
business case, of course. Where to find
the additional initial investment required

for a Big Bang approach? There are two
important preconditions for this:
∞∞ The industry structure and governance
must allow for strategic budgeting
over several years (if not decades).
∞∞ It must be possible to make business
cases for the overall systems, not just
for individual parts.
If these preconditions are not fulfilled,
they must be made to be fulfilled,
otherwise the benefits illustrated by
figure 4 cannot be realised. It is to no
avail if neither the walls can be renovated
nor the windmills built because each
does not generate a positive business
case when considered separately.
And we need to make this clear to the
stakeholders and investors!

Vademecum “Winds of Change”
You may disagree with some or much of
what I have said, but don’t you also find
some grains of truth worth considering?
I have prepared the ‘Vademecum Winds
of Change’ in the green panel opposite,
a check list to see whether you, your
project, the industry and the IRSE is on the
right track with the “Winds of Change”. It
fits neatly in the pocket of every signal and
telecommunications engineer.

Conclusion
We could see quite dramatic changes in
signalling, railways and the transportation
system as a whole. This prospect alone
demands hard work from us: We must
find an appropriate balance of ‘walls’
(maintaining the tradition of high safety
standards) and ‘windmills’ (harvesting
opportunities and increasing efficiency) in
times of uncertainty.
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“Winds of Change”
1) Have we thought hard enough about building more
and efficient windmills?

4) Are our architectures modular in a way that they will
support future innovations?

2) Is a gradual change the right thing to do, or do we have
the courage for more?

5) Have we observed and learned the lessons of the
pitfalls in “Why signalling projects fail?” [14]

3) Application of modern technology:
a) Do I get sufficiently engaged with modern
technology by attending IRSE events and reading
technical papers?

6) What does the common sense of an IRSE signal,
telecommunication or automation engineer tell us
about what we are presently doing to help the future
prosperity of railways?

b) Do I support suppliers enough to persuade them to
apply modern technology to signalling?

7) Do I communicate courageously and clearly enough to
the decision makers that I have access to?

c) Do I support the railways enough to make them want
to apply modern technology to their operations?
d) Are we ready for “digitalisation” and “4.0”: data/
sensor/actors/communication methods?

We cannot leave it to ‘others’ to do it.
All members of the IRSE and players
in the rail industry are summoned to
master this task together. There are so
many fine minds in this industry: we can
and will succeed, but this requires clear
communication to the leaders of this
industry and to governments.
Many of the topics discussed in this
paper will also feature in my Presidential
Programme, which will, as in previous
years, again be ‘on the road’ throughout
2018-19. We are planning live streaming
of the events, so that you can join from

anywhere and even participate in the
discussions live. I sincerely hope you
will make this idea a success by using
this new service.
For me, the IRSE’s main purpose is:
To serve as the worldwide leading
organisation for innovative exchange
of know-how and experiences in the
field of Signalling, Automation and
Telecommunication at the interfaces
between railways, suppliers, government
and education on ‘neutral ground’.

I am planning to devote my term
as president to this. Let me finish
with a citation from the Inaugural
Address of president John F Kennedy,
Washington, DC 20 January 1961, whose
optimism impressed me greatly whilst on
a visit to the JFK Museum in Dallas during
the 2017 IRSE Convention:
“All this will not be finished in the first one
hundred days. Nor will it be finished in
the first one thousand days, ..., nor even
perhaps in our lifetime on this planet.
But let us begin.”
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Track worker safety

Wim Coenraad

Rod Muttram

Mark Prescott

Movares, Netherlands

Fourth Insight, UK

Network Rail, UK

This Presidential paper, the first
Wing Lecture, was given in London
on 15 March 2018. The focus is
heavy rail; many of the principles
also apply to metros, but the
prevalence of tunnel and elevated
infrastructure for those systems pose
particular risks and issues. The IRSE
International Technical Committee
(ITC) may consider a supplement for
light rail and metros at a later date.

Intelligent infrastructure is a primary
source of risk reduction for track workers,
but there will always be a need to go
on to the track for some tasks, such as
maintaining switches and crossings.

harmonise working practice in this area
across Europe. It is relatively new and
local working practice does not yet
necessarily align with it.

Working on or near the track, with
on-going train traffic, do not mix; at
least, that is the predominant opinion
nowadays among many railways.
Increasing frequencies and speeds of
trains combined with societal risk aversion
tend to enforce regimes where track
workers and train traffic are separated—in
time, in space or by physical barriers.
Currently, in some countries (e.g. the
Netherlands) working on or near the track
is only allowed in possessions, and even
adjacent tracks are not allowed to be in
service. This imposes such restrictions on
the possibility of performing maintenance
and repair activities without disruption
to traffic that ProRail’s newly-appointed
CEO has publicly voiced his concerns that
we are “going over the top” in our safety
concerns and should be more pragmatic.
Whilst in the past the use of signalling
systems to provide warnings of
approaching trains for track workers was
deemed too expensive, current practice
seems to be that announcement and
warning systems and devices need to
provide at least the same level of safety
as control and command systems for
trains. At least to some degree changes
in technology are making such systems
more practicable and affordable.
6

Functions and practices
The function of a track worker protection
system is to ensure persons working in or
near a track cannot be harmed by trains.
Preventing conflict between workers
and trains can be achieved by warning
workers of approaching trains in their own
or neighbouring tracks, by protecting
workers and their workspace from trains,
or by simply ensuring that train traffic
is stopped when work is in progress,
by taking possession of the track,
line or station.
In some cases it is not only regular
trains, scheduled or unscheduled, that
pose risks; engineering trains and other
“yellow fleet” vehicles moving inside
the work area are also potential causes
of hazards. Further, a whole system
approach is necessary to avoid hazards
from uncontrolled vehicles (for example
the accident at Tebay in England on
15 February 2004 [1]), and other hazards
such as electrification.
Most infrastructure managers use
different types of track worker protection
equipment in conjunction with predefined procedures. The range (as well
as the combination) of the measures to
be implemented and used depends on
national rules and the local situation.
Recent CEN Standard EN16704 [2]
defines a hierarchy of measures and
the conditions under which they
should be used. This is intended to

The following regimes for
working on or near the track have
historically been common:
∞∞ Out of service (total possession).
∞∞ Physical barriers between work areas
and open tracks.
∞∞ Controlled admission (of trains and
work vehicles) to track otherwise
under possession.
∞∞ Assured warning of approaching trains
by a technical system.
∞∞ Personal observation (by an individual
worker or a lookout).
Technical systems can be used to
support track worker protection based on
personal observation or assured warning,
depending on their properties and
deployment. In most cases evacuating
the danger zone is required when a
warning is issued. Of course this does not
apply when all or part of the railway that
constitutes a work zone is out of service
(usually referred to as ‘under possession’).
‘Controlled admission’ is a term used to
describe a system where work trains,
engineering vehicles etc. are allowed
to enter or leave a possession, usually
requiring some form of cooperation
between the person in charge of the
possession (PICOP), the signaller and the
drivers of the vehicles concerned.
Traditionally, track workers kept an eye
on oncoming traffic or were assisted by
lookouts, and stepped out of the track
or moved to a safe haven when they
saw a train approaching. This of course
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Worksites can be complex,
noisy, exposed areas with many
people carrying out difficult
tasks. Protecting their safety
is paramount.
Photo Network Rail.

required a line of sight (and attention)
to be able to spot an approaching train,
and it is incompatible with the use of
some personal protection equipment
such as hearing and eye protection, and
the use of noisy equipment. Nowadays
this method of working is largely
considered unacceptable. Remnants
of this practice can be observed when
track workers wave to the driver of a
train to acknowledge they have seen
him approaching.
More recently mobile technical warning
systems typically use sirens and flashing
lights to warn a track gang of an
oncoming train. Activation can be manual
by a lookout, or automatic through some
form of train detection. Usually these
mobile systems need to be installed prior
to the works, which requires a degree
of planning—and some other method of
protecting the installation crew.
Where the installation of mobile technical
warning systems is too cumbersome
or their use is too frequent, they can be
installed permanently. Typical examples
of such locations include bridges,
cuttings and tunnels
Temporary speed restrictions are used
mostly to allow train traffic to continue
on adjacent tracks, ensuring workers will
have enough time to reach a position of
safety, and are protected from pressure
waves etc. Usually when train speeds
and frequencies increase, this practice is
no longer allowed
In some countries (such as the
Netherlands) the view is that working on
or near the track while trains are running
is no longer acceptable, and track work is
only permitted when traffic in an area (a
station or yard), on a track or even on an
entire line is stopped. Work is only allowed
with the track blocked under possession.
Often such a blockage can be agreed
between track workers and signallers as
a kind of contract. The making of this

contract between people presents a risk
of human factors error, and is one reason
why this method of working cannot just
be assumed to be completely safe.

Possession
A possession may or may not require
boundary protection measures such as
the blocking of signals protecting routes
into the area under possession, and
ensuring that turnouts are locked in a
diverting lie away from the possession
area. The area under possession can take
the form of a station area, a track on a
multiple track line, or a complete line. If
only one track is blocked in a multi-track
section, other protective measures such
as barriers may also be needed.

Possession management
Taking possession of a station, track or
section of line is the most used way
of separating track workers and trains
physically. It requires a system to manage
the possession, typically arranging for
traffic on the tracks to be suspended, after
which the authority for the possession is
handed over to the PICOP. The PICOP is
in charge of allowing engineering trains
to enter his area under possession and to
move within it if the work needs that. After
the works have finished and the tracks
are verified to be safe for the passage of
regular trains, the PICOP hands the area
under possession back and train traffic
can be resumed.
It requires a means of identifying the
tracks that are under possession and
the possession boundaries, both for the
parties handing over authority to the
PICOP and the workers in the field. It
also requires means to prevent trains
entering the area under possession
without authority.
Advanced systems of possession
management can allow pre-defined areas
to be taken, for example by use of lineside
key switches (‘lockouts’), or even allow

possessions to be planned and managed
using timetabling, traffic management
and interlocking functions. Such
management systems allow more time
to check and verify planned possessions
and use pre- programmed scripts to set
and lock boundary protection measures,
and remove them.
Use of preprogrammed possessions and
scripted actions reduces the risk of human
error, but may increase the integrity
requirements (SIL level) of the timetable
planning and traffic management systems
that implement them. This is an area
where we need to apply some common
sense; if we are replacing very low
integrity human processes then the the
cost of over-specifying systems to high
levels of integrity may mean that possible
improvements are priced out. We must
avoid the situation where ‘the best is the
enemy of the good.’

Worker warning and
alerting systems
Lookout operated warning system
(LOWS)
Systems that allow a lookout to warn
the track gang under protection can
range from horns and whistles to remote
controlled personal warning devices such
as headsets (which can be required when
ear protection needs to be used) and
preinstalled sirens and flashing warning
lights. These systems are only delivering
or distributing a lookout warning in effect,
and so they suffer from the same potential
human error rate in terms of missed alerts,
although they may somewhat improve
the rate of observation of warnings.
The send part of the system sometimes
includes a form of hold-down switch,
such that if the device is put down or
dropped, or if the lookout totally loses
concentration, an alert is sent (see the
functional requirements in EN 16704-2-1).

7
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Far left, lookout operated warning system
(LOWS) transmitter unit.
Left, signal controlled warning system
(SCWS) warning unit.
Photos Schweizer Electronic.

Automatic train-operated warning
system (ATWS)
Remote controlled personal warning
devices such as headsets and preinstalled sirens and flashing warning
lights can be operated by some form
of approach warning such as wheel
sensors, by automated or autonomous
proximity sensing, or by conflict detection
based upon geo-location of trains and
individuals working in or near the track.
In some cases elements of the signalling
system with a warning function, such
as level crossings, can be used to alert
track workers as well, if the warning times
and locations to be protected happen
to coincide. Fully automatic systems
cancel the warning as the train leaves
the area, Semi-automatic systems can
save detectors and cables by only fitting
the approach side of the site/track and
having the warning cancelled manually.
Of course, this also has some human
factors risks. (Again, see the functional
requirements in EN 16704-2-1).

Signals and signal controlled
warning systems (SCWS)
In many cases signals and features of the
signalling system can be used both to
block tracks and to warn track workers.
Austrian Railways (ÖBB), Swiss Federal
Railways (SBB) and Infrabel all have SCWS
(for example the Thales FieldTrac 6392).
Network Rail and Deutsche Bahn both
have systems in development to meet
the requirements of EN 16704-2-1 for
their specific needs. This reflects the
pressure on available possession time. On
the ProRail network, signals warning of
approaching trains are used in locations
where lines of sight are obscured,
such as on bridges, in tunnels and
near overpasses.

8

Speed restrictions
Speed restrictions, usually for trains on
tracks adjacent to work zones, can be
in the form of temporary signs advising
reduced maximum speeds. They can
be enforced by ATP, using additional
balises, by inhibition of less restrictive
speed codes in continuous ATP, or by
movement authorities with reduced
speed profiles.
In most situations a speed restriction
alone would not now be considered a
sufficient risk reduction measure.

Safety fencing
Fences can be used to prevent workers
from accidentally stepping on to a live
track. Implementations vary between
safety chains on sticks or simple high
visibility mesh, to robust fences and
railings that will resist a worker falling
against them. Several quickly deployable
safety barrier systems are available. The
requirements for such barriers can be
found in EN 16704-2-2.

Mobile enclosures on wheels
A coach-type enclosure allowing access
to the track and equipment installed in
it allows work to be carried out without
requiring a multi-track possession. The
mobile workspace can be driven on to
a work site. It prevents the workers from
leaving the protected area while at the
same time using the signalling system
to prevent conflicts with other trains (it
is no different from any other train from
the system’s perspective). This method is
particularly suitable for work on assets ontrack, such as reprogramming of balises.

Implementing possessions and
boundary protection
In station areas on Prorail, shunting areas
can be configured to provide protected

work zones. If the shunting area is
activated, a well-defined area of the
station’s interlocking is isolated.
Once the shunting area has been
released (by the signaller) and accepted
(in this case by the PICOP), no routes
can be set into or within the shunting
area. This creates a work zone with
boundary protection.

Train alerting systems
In most cases, alerting a train to ongoing
work in its path is not a very effective way
to safeguard track workers, but it can be
used as a supplemental risk reduction
measure where traffic is not stopped
in or near work zones, for example for
engineering trains.
Signs, flashing lights, stop boards etc are
used in situations where a train is to be
warned that it is approaching a work zone,
or an engineering train moving inside
a work zone is approaching the limit of
that work zone. Where a modern ATP
system is fitted it may be used to enforce
stopping points, low running speeds, etc.
In the USA, at least one manufacturer sells
a system which issues warnings to drivers
and workforce as a backup to more
conventional methods such as lookouts.

Train emulation
Track worker protection systems can
use the signalling system’s inherent
functions that prevent conflicting train
paths or moves by allowing the workers
to emulate the occupancy of a train. The
simplest form is a track circuit operating
device (TCOD). The TCOD when placed
between the running rails connects them
together electrically, emulating a train and
occupying the track circuit.
TCODs can be locked in place to
prevent mistaken removal. More recent
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implementations can use remote
control to start and stop the track
shunting function. Thus the devices can
be installed and left in place prior to a
series of possessions, optimising the
available work time.

Clipping and locking points
Traditional point clamps and locks can be
used to lock points in a position leading
away from the workzone or possession.

Hand held terminals
Hand held terminals (HHTs), employing
either specific hardware and software or
mobile phone apps linked into a central
control system, can be used to allow the
PICOP to control the taking and handing
back of an area under possession.

Remote disconnection device trackside
(RDD) installation.
Photo Network Rail.

The HHT can, at least to a degree, use its
own location information to check that
the area to be placed under possession
corresponds to its actual location. When
this is deemed either insufficiently secure
or insufficiently precise, tags such as RFID
or barcode labels may be added, or use
can be made of ones already in place for
asset identification.

Emulating trains with
communications based signalling
In communications based signalling
systems such as CBTC, and also in
ETCS Levels 2 and above, the principle
of using a TCOD to emulate a train can
be extended to portable equipment
emulating an on-board unit.

Evolution
Many railways approaching the limit of
their network capacity, are hoping for
capacity increases promised by ERTMS
and CBTC systems or are nearing 24
hour, 7 day per week operation. The
increased use of the infrastructure

is bound to increase the need for
maintenance while at the same time
decreasing the time available for doing it.
This issue is a potential vicious circle, and
must be addressed.
The general trend seems to be to enable
track workers to establish a safe working
zone themselves, and to delegate the
authority to authorise movements such as
engineering trains into, out of and within
the area under possession to a PICOP.
The tendency is to plan the required
possessions into the timetable as much
as possible, minimising signaller or
dispatcher involvement in decision
making, and to implement technical
systems that minimise the time wasted in
handover and handback. An example of
such practices can be seen in the use of
HHTs as part of the ERTMS system in the
Netherlands and in current developments
in Denmark and for Positive Train
Control in the USA.
Where possession cannot be used for
whatever reason, many railways have
or are bringing in SCWS as the most
acceptable alternative form of control.

Strategies
Prevention is preferred
EN 16704 includes a hierarchy of
measures with full separation preferred,
signal controlled warning systems as
second choice, followed by automatic
warning systems and only then systems
requiring human vigilance.
In line with existing strategies for dealing
with occupational hazards, Prevention is
the guiding principle. It follows then that
stopping train traffic when workers are
active is the preferred option. This can be
done through taking possession of a line
or station, or where this is not possible

Track circuit operating device remote control devices used to set up a protection area.
Photos Dual Inventive.
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by taking possession of one or more
tracks and ensuring a physical barrier
prevents personnel from entering the area
under possession.
Where prevention is impossible, the
second best option is to control the
hazard either by reducing the probability,
or by mitigating the consequences.
Such practices include the use of
warning systems, speed reductions
and safe havens where workers can
remove themselves from the path of an
approaching train.
The following are some examples
of developments in progress or
recently completed, the list is by no
means exhaustive.

ATOS (Japan)
In Japan, in their conventional traffic
control systems, route setting for shunting
and track worker management and
protection is excluded from interlockings
because of the complexity that would be
needed; these functions are carried out
locally at stations (it is too complicated
to control them from the control centre).
This means that there is little or no
benefit from introducing conventional
traffic control systems into Tokyo
metropolitan commuting lines, due to the
numbers of station staff that would need
to be retained.
In JR East’s new autonomous
decentralized transport operation control
system (ATOS), maintenance workers
themselves request access with the
support of the system, and maintenance
work and train collision prevention are
realised by the system, and as a result
safety and efficiency have improved.
The difference between conventional
traffic control centres and the specific
features of ATOS is that its automatic
route setting for trains covers all stations
including large ones. The dispatchers
interrupt or change the route setting for
trains in the event of traffic disturbance,
but they do not need to be involved
in route setting for shunting nor track
worker management and protection
because these functions are carried
out by the interlocking systems and
workers themselves.

TMS (Denmark)
In Denmark the ETCS based signalling
system that is currently under
development and test will provide a
more advanced means of defining and
managing possessions.
The traffic management system (TMS)
allows the use of planned possessions
integrated into the daily online production
plan (OnPP). It provides interfaces
to control room users for setting up,
10

The TMS supports the HHT control room
user in cooperating with the PICOP to
start a possession properly through a
messaging infrastructure, sending and
receiving notifications to and from the
PICOP. The control room user must
approve a possession started by a PICOP,
or can request a possession themselves.
The TMS also supports possessions
not associated with an HHT, issuing
the necessary route controls or points
movements. It also supports setting up
emergency temporary speed restrictions.

This strategy for sustainable risk reduction
is built on the following principles: Highly reliable train blocking systems and
technical activated warning systems with:
∞∞ Low human error failure modes.
∞∞ Low installation failure modes.
∞∞ Low operator competence.
∞∞ Low hardware costs.
∞∞ Low installation costs.
∞∞ Low system maintenance costs.
∞∞ A large number of installations, to
maximise geographic coverage and
availability to track workers to gain
maximum impact to the risk profile.

Railroad worker protection system
(USA)

Tactical systems
Remote disconnection device

Of the various PTC implementations
in the USA (there are essentially four
different PTC solutions), some require an
HHT and vehicle-mounted terminal based
solution for Railroad Worker Protection,
interfacing to a maintenance workstation
which is integrated into the office system
which is the heart of the PTC wayside.
This allows the rapid and secure handover
and handback of possessions and line
blocks in a similar way to the Danish ETCS
based system above, but in the USA the
principle of a handover and handback
between worker and dispatcher seems
to be still preferred over a higher level of
timetable planning. This probably reflects
the predominantly freight nature of US
railroads with less repetitive timetables.

The RDD (remote disconnection
device) concept was developed by
staff simultaneously at Manchester
and London Bridge Delivery Units. The
RDD is designed to mimic the signal
disconnection facility available in solid
state interlockings (SSI), allowing the
process to be used in traditional relay
signalling architecture. This provides
additional protection for a line blockage
beyond that provided by a signalman’s
reminder appliance.

modifying, negotiating and handing back
possessions jointly with other task owners.

Austria
Like a number of other European
railways, ÖBB has reacted to the
pressure on capacity and reduced
availability of possession time by opting
to develop a more comprehensive and
widely deployed SCWS.

UK
In addition to reducing the need to visit
track through intelligent infrastructure,
Network Rail has endorsed a Track
Worker Safe Access Strategy. This targets
the reduction of the national risk profile
of track workers being struck by trains
through development and deployment
of enhanced protection and warning
systems. These must be of a high
reliability and remove the opportunity for
human error. The deployment of this risk
reduction strategy is planned as a phased
approach over a number of years.
Network Rail’s safer trackside working
programme (STW) is designing and
developing new protection and
warning systems. These will be both
tactical short-term solutions, to give
some early reduction of risk, and
longer term sustainable solutions
aligned to deployment of digital
railway technologies.

A signalling technician activates the
RDD from a terminal, using Control
Agent software, on the instruction of the
signaller, after he has put the primary
protection in place. This is in line with
the existing Rule Book process. The RDD
remote control switch is cut into the
existing track circuit of the existing relay
signalling architecture. This technology is
being prepared for trial on Network Rail
infrastructure this year.

LEWiS
LEWiS (lineside early warning system) is a
retrofittable SCWS. LEWiS will be deployed
at tactical locations on the network,
typically at critical junctions. LEWiS is
composed of two key components:
an SSI message interpreter known as
the Interlocking Monitor and a portable
sounder with visual beacons known as the
Warning Device.
The Interlocking Monitor units are left
in situ in a signalling location case or
adjacent weatherproof enclosures.
When the track worker team want to use
the system, they connect the portable
Warning Device to the Interlocking
Monitor via a plug coupler.
The Interlocking Monitor is programmed
to ‘listen’ for specific SSI telegrams via a
connection at the data link monitoring
test points. These trigger telegrams are
selected to give sufficient warning time
for a team of workers to move to a place
of safety at a predetermined fixed warning
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Above LEWiS interlocking monitor and right LEWiS warning device.
Photos Network Rail.

area. The device will also warn if there has
been a critical error with the device, to
provide the users with an indication that
the device cannot be relied on.
LEWiS is a primary protection system
and replaces the need for traditional
distant lookouts. The warning unit weighs
less than 5 kg, is non-metal and free
standing, and designed to meet noise
and light emissions in accordance with
BS-EN-16704-2-1.
LEWiS will be trialled on Network Rail
infrastructure during 2018.

Strategic systems
In order to deliver its asset management
strategy Network Rail needs access to
the track to perform maintenance and
enhancement activities. Digital Railway
facilitates the optimisation of capacity
and in some cases the reduction in
train headways. Consequently, it has
been necessary to provide both a highly
reliable protection system and a highly
reliable warning system in order to
enable the maintaining of assets without
compromising safety.
The Traffic Management Protection
System is a high integrity protection
system that removes human error failure
modes, reliance on signalmen and safety
critical communications. Protection will
be able to be established via a mobile
application integrating with the Digital
Railway Traffic Management System. It will
introduce new possession management
rules and make more efficient use
of track access.
The strategic signal controlled warning
system (SCWS) is a new high integrity,
highly reliable system that can be
deployed over whole lines of Route. It
provides an automated warning system
for trackside workers of the approach
of trains towards a site of work. The
objective is to reduce the reliance on
lookouts during open line working and
remove human error modes associated

with lookouts. In essence, portable
warning units will triangulate their
position and communicate with a main
control unit connected to Control Centre
signalling equipment. The control unit
will interface with the interlockings via
EULynx data protocol and build a model
of the state of the railway. It calculates
the warning criteria to allow workers
at the portable field unit to reach a
position of safety. Network Rail will let a
contract in 2018 to undertake feasibility
studies, product development and
deploy prototypes.

So where is technology
taking us?
The introduction of communications
based signalling systems in rapid
transit and ETCS level 2 or above (or
similar systems such as PTC) on main
line railways offers the potential to
use the centralised knowledge of the
positions and speeds of trains for better
management of possessions and in
automatic track worker warning systems.
Systems that use individual warning
devices as well as those that use collective
warning devices can be activated on the
basis of issuing movement authorities that
overlap the warning zones. The logical
extension of this is to treat track workers
as a special kind of train—one that can
“drop out of the sky” when a possession is
given and taken, and “evaporate into thin
air” once more when the possession is
given up and taken back. The possession
zone itself can then be treated as a
special movement authority, for a “train”
that is stationary for most of the time
(although there is no fundamental reason
why it should be).
Special care must be taken that track
workers’ auto location processes have
enough resolution to prevent them either
locating themselves on an adjacent track,
or entering such a track mistakenly. A
number of current implementations

use RFID tags attached to infrastructure
elements and readers to mitigate this
hazard, and Sudhir Prabhu has suggested
this solution [3]. Although it would be
possible to implement such logic in an
ETCS radio block centre, the required
standardisation and incorporation of
such functions in the ETCS specifications
through the European Railway Agency
might be prohibitively cumbersome. An
ATWS trackside system would have to be
able to emulate an ETCS on- board EVC
to a sufficient degree, be registered in the
RBC to be able to start a communication
session etc. to be able to take and give
up a possession.
The hand held terminal approach as
described in the Danish example would
offer a more pragmatic approach, but
on the other hand potentially imports
a required SIL into the TMS, which is
undesirable in other ways.
There are certainly many initiatives in
process, and the new EN 16704 attempts
to introduce a logical structure and a
more standardised approach, albeit its first
issue has a few obvious challenges. It will
interesting to see how things mature and
develop over the next few years.
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articles based on papers from the
conference, and we plan to bring
you more during the coming year.
Unmanned trains were first launched
in Singapore in 2003 with the aim
of providing a fast, efficient highperformance mass transit solution
and setting the standard for the
islands future mass transit lines. The
paper will examine key elements of
the unmanned system that system
designers need to consider from an
operations and technical perspective.
Introduction
Specifying any modern signalling system
is difficult as modern communications
based train control (CBTC) systems
consist of complex sub-systems such
automatic train control (ATC), computer
based interlocking (CBI), automatic train
supervision (ATS) and radio all sitting
on a modern fibre based transmission
network. The days of one person fully
understanding every part of the system in
detail are long gone.
Adding unmanned operation (GoA4) to
the mix provides further complexity. This
pulls in new external interfacing systems
and adds complexity to those that already
exist. If all cities had the same operating
concept after a few systems had been
rolled out it would become straight
forward, but alas this seems a long way off
and every city has its ‘must have’ features
– much to the frustration of suppliers who
must adapt their baseline solution to each
new client. Each supplier’s system has
subtle differences, so what should you
12

Station

Optimal layout permits at least 60 s
dwell time and lowest land take.

Station

Non-preferred due to increased land
take, reduced terminal station dwell
time and more operators required to
clear train.

Station

Sub-optimal layout can still give good
performance, routing more complex.
Used when station approach is curved.

Station

Non-preferred due to largest land take,
reduced terminal station dwell time and
more operators required to clear train.

Figure 1 – Terminal station layouts.

ask for to ensure that a fair comparison
can be made? Where will the supplier
innovate and where should the client
insist on innovation. Some examples
follow, but the scale of the challenge
means this paper can only highlight some
key features, due to the complexity of the
modern CBTC system.

Specifying the system
Line concept – performance
planning
Whether the line is a greenfield or
brownfield site, there will be physical
constraints that determine the
performance of the line regardless of
the signalling system supplied. Decisions
should be made as to what the signalling
system can realistically achieve.

New lines
For new lines, generally there is more
flexibility but even new lines will be faced
with challenges. When building new lines
through existing cities, piled foundations,
existing lines and services all place
constraints on the design. Whilst many
services can be diverted, the potential
impact of settlement on properties can
severely restrict the alignment. Efficient
track maintenance calls for a ‘Hornby’
style of track design, where only standard
turnouts are used to minimise spares. As
such points and crossings may only be
permitted on straight track.
Existing lines
For existing lines, there will already be
information on the performance and the
pinch points should already be identified.
Depending upon the existing system,
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if the terminal station performance is
constraining the line it is likely to do the
same when a CBTC system is applied
(see figure 1). Thus, decisions need to
be taken as to whether layouts need
to be improved and if so whether the
alignment will permit such changes to
be undertaken economically and with
an acceptable level of disturbance to the
existing customer base. However, if not
done before or during the resignalling
such changes may prove very costly
to make once the signalling system
has been commissioned, unless a
framework agreement has been agreed
for future works.
Rolling stock
The performance of any system will
depend greatly on the performance of
the rolling stock. For CBTC systems the
train performance characteristics are very
detailed and slight variations in traction,
braking and system reaction times can
have a significant effect on performance.
For new lines where existing stock cannot
be measured the signal engineer must
work closely with their rolling stock
counterpart to agree the parameters
that the rolling stock will be designed
to. Some of the essential characteristics
are listed below:
∞∞ Emergency brake rates defined
for specific levels of adhesion
(surface and tunnel).
∞∞ Service brake rates.
∞∞ Brake blending.
∞∞ Tractive effort curves.
∞∞ Jerk rate.
∞∞ Traction cut off delay.
∞∞ Brake build up delay.
∞∞ Train mass (empty and maximum
passenger load expected in service).
∞∞ Rotating mass (to ensure braking on
different gradients).
∞∞ Number of passenger
doors (to determine realistic
passenger dwell times).
∞∞ Door opening/closing times
to determine available.
passenger exchange time.
∞∞ Train length.
∞∞ Number of motor cars.
In the planning stage, it will not be
possible to define these exactly, but good
estimates need to be used to undertake
a line simulation to determine capacity.
During the feasibility study phase of a
new line undertaken by a contractor,
they must undertake simulations and be
expected to justify the rolling stock and
signalling characteristics used. Once
the line has been designed an in-house
simulation using a suitably configured
CBTC signalling simulator should be used
to determine the raw line performance

before pinch point management
commences. Every alignment will have
one or more pinch point that determines
the maximum capacity. As long as they
are not at terminal stations then suppliers
would be expected to adopt strategies
to eliminate them and achieve the
desired headway.

start to close. Additional doors help
and for the Thomson Line cars will be
equipped with 5 sets of double leaf doors,
providing 25% increase in access to the
train. Queue lines also help to give space
to exiting passengers whilst marshalling
the boarding passengers, an approach
which works well here in Singapore.

Terminal station design

Supplier comparison

Terminal stations and any station where
scheduled reversing moves will occur
must be carefully designed to ensure that
the performance of the overall line is not
constrained. For Singapore where cut and
cover construction techniques are used
for station construction the station box
size is critical and so terminal stations are
island platforms. The best performance
is achieved when a scissors crossover is
placed in front of the station and trains
enter alternate platforms with a minimum
of 60 seconds dwell. This is not always
possible and so other point arrangements
may be provided. Staggered crossovers
on the approach to the station are still
effective but performance will not be
as good as a scissors crossover. Placing
the scissors crossover further away from
the station is also an option but requires
additional short routes to allow departing
trains to safely approach a crossover that
is in use by an arriving train. Reversing
behind the station is possible but this
effectively turns the terminal station into a
through station for the train. It restricts the
available dwell time which for short trains
may be manageable but for six+ car trains
ensuring that all passengers have alighted
before sending the train to the siding
becomes challenging for station staff. The
unmanned train will have to have effective
automated announcements on the station
approach to ensure that all passengers
are aware that they are approaching the
terminal station and need to alight.

During the tender phase, each potential
supplier needs to demonstrate the
capability of their system to achieve the
desired headway. Great care needs to
be taken to ensure that the suppliers are
using the same baseline. Firstly, a baseline
is required. This should already have been
done in-house and the various pinch
points identified. For the suppliers to make
simulations that can be compared they
must be given a baseline train. Whilst the
real rolling stock characteristics may not
be available for a new line it is reasonable
to use the characteristics of a comparable
train from another project if the train
type is similar. Next there needs to be
a clear definition of what simulations
should be submitted. The following three
simulations allow a real comparison of
performance to be achieved.
∞∞ Minimum journey time accepting
headway impacts.
∞∞ Adjusted journey time eliminating
headway pinch points.
∞∞ Terminal station reversing headway.
The minimum journey time accepting
headway impacts is an important measure
as outside of the morning and evening
peak it is unlikely that the operator would
need to run at such a headway. The
adjusted journey time using profiles that
are of lower performance to allow closer
train spacing at pinch points is needed
to assess the overall increase in journey
time. If the increase is too much then this
may impact the fleet size calculations.
The terminal station study is useful
to determine how the route release,
route setting times of a system affect
the terminal station. This is a complex
calculation and providing the suppliers
with a template to fill out provides both
assistance to the supplier and easier
analysis for the client when comparing.
The above examples should be tailored
to a particular project’s need. If for
example coast is used as energy saving is
considered more important than journey
time, then simulations with coast should
also be submitted.
The method of pinch point reduction is
also an important factor. Is it switchable?
A new line may well not need its ultimate
capacity from day one of operation as
rolling stock is progressively purchased
to meet the increasing ridership. As such,
pinch point solutions may not be needed

Specifying performance and
determining supplier capability
The tender phase for any CBTC signalling
system is critical. Each supplier’s system
will behave differently and they will have
different approaches for pinch point
management. For the unmanned railway
ensuring maximum available passenger
exchange time as part of a long dwell
time is a major safety and operational
factor that contributes to the effective line
operation. For Singapore dwell times are
defined as follows:
∞∞ 28 s for non-interchange stations
∞∞ 45 s for interchange stations
∞∞ 60+ s for terminal stations
For the unmanned railway, it is not
acceptable to compromise on the
passenger exchange time and a safe
system is one where passengers have
finished entering the train as the doors
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Train wheels
stop

Dwell time

Technical time
(opening)
to1

Passenger exchange
time

to2

Door opening
to1 < 0.5 s train to PSD communication
to2 <= 3.3 s doors open

initially and so should be switchable or
dynamically applied depending on the
timetable. Whatever approach is used the
dwell times must be preserved for the
unmanned operation.

Understanding the role of the
train operator
When specifying the unmanned system,
the roles performed by the operator
must be automated but these go
beyond the basics of train operation and
announcements. Automatic driving is not
new and so the automation of the driving
from station A to station B is not a new
challenge. The other duties performed
by the train operator can be more
challenging and it is the degraded modes,
where a train operator would step in, that
require the most thought.

What are the key functions?
Enhanced automatic driving
Whilst automatic driving is not new,
with automatic train operation (ATO or
GoA2) an operator can intervene when
the train stops incorrectly. There are
three features that directly replace the
operator as follows:
Jog – This allows automatic realignment
in the platform either forward or
backwards within defined safety limits.
It is essential that a train is properly
aligned with platform screen doors (PSDs)
otherwise the passenger exchange cannot
be undertaken efficiently and there is a
risk of doors closing on passengers. The
automatic train protection (ATP) system
supervises this process to ensure that
the train is aligned within +- 0.5m of the
stopping point ensuring full use of the
train door opening.
Creep – This allows the control centre
operator to command a train with a failed
ATO to move at slow speed to the next
station, enabling operator intervention
without having to enter the track to
access the train - minimising both delay
and risk to the operator. Creep does not
14

Train wheels
start

Figure 2 – Technical and passenger
exchange time.

Technical time
(closing)
tc1

tc2

tc3

Door closing
tc1 <= 3.5 s PSD doors close
tc2 <= 0.5 s PSD to train communications
tc3 < 1.6 s ATO commands train to move until
commencement of wheels moving

have the same stopping accuracy as ATO
and as such, the station stopping point is
not used to prevent misalignment with the
PSDs, which may prevent access to the
train. At the station, the train is stopped
before reaching the normal platform stop
mark to ensure that the rear of the train
stops just before the platform, where
staff can safely access the train from the
station back of house area without the
PSDs causing obstruction.
Close stabling of trains to within 3m of
another train – This is required due to
limited land being available for depots so
close stabling of trains makes for efficient
spacing. This is challenging for must
suppliers and requires the issue of traction
inhibit to the rolling stock and careful
consideration of the potential position of
a non-reporting train ahead that has been
put into sleep mode. Whilst the ATO can
drive the train to the desired stopping
point there is always a residual collision
risk. The key is to ensure that the collision
risk is at a speed that is below that where
the coupler would sustain damage, i.e. at
a normal coupling speed.
Automatic platform management and
platform screen door operation
For an unmanned train both the train
and PSDs must be opened and closed
automatically. Door closing warnings
must be given and the door closing
co-ordinated to reduce the risk of
entrapment between the train and the
PSDs. Entrapment between the PSDs and
the train is a hazard that once the train
commences movement has a very high
risk of fatality. PSD doors are designed
to eliminate any potential standing area
between the train and PSD as it closes,
such that if a passenger does not move
then the PSDs are unable to close
preventing the movement authorisation
being issued to the train. The main
preventative measures are as follows:
∞∞ Ensuring that straight platforms are
used minimising the gap between
PSDs and the train. For older railways

with curved platforms additional
detection systems would need
to be considered.
∞∞ Careful train design to ensure minimal
gap between the train and PSD
at torso level.
∞∞ Ensuring that passengers have
sufficient time to alight and
board the train.
This last point directly relates to the dwell
time. The dwell time is split up into three
phases as can be shown in figure 2.
This is an area of the design that cannot
be left to the suppliers and must be
carefully specified. The two technical
times for the opening and closing of the
doors if left to the suppliers without any
requirements may prove to be very long.
Unlike earlier relay based systems, the
sequential processing of CBTC systems
can result in delays. To open doors, the
train borne ATO must establish that the
train is stationary, transmit the command
to the train and the PSDs and the doors
then must open. Depending on the
supplier this can be a slow process and
would typically involve the following
sequential steps:
1. ATP proves the train is at rest and
berthed correctly and issues door
enable to the ATO
2. ATO issues a command to the track
side signalling to open the doors.
3. Radio propagation delays
4. ATC processes the door open
command and passed to the
computer based interlocking
5. The computer based interlocking
outputs the door open command to
the PSD controller
6. The PSD controller
processes the command and
commences door opening.
The door closing process is the same
except that the PSD closed and locked
status must then be transmitted to
the ATC on the train to permit the
train to move.
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Without innovation, this process can take
4-5 seconds before the doors commence
opening. This is an area that industry has
not perceived as important and some
suppliers claimed improvements were
not possible. By studying the process
and introducing new communications
channels, so that the trainborne ATC
can communicate directly to the PSD
controller, improvements can be made.
For the ATP, the concept of assured
stopping allows the train to be declared at
rest as if the traction is disabled, brakes are
applied, train is braking at a known brake
rate and is at very low speed, there comes
a point where it is impossible for the train
not to stop as it takes a finite time for the
brakes to release, thus the train stationary
status can be achieved earlier than waiting
to measure the speed as 0 km/h.
The scope for reducing time during
the closing period relies on efficient
communications between the PSD
controller and the trainborne ATP to
indicate that the PSDs are all detected
closed and locked. This is less complex
than the opening sequence and the
closing time is dominated by the closing
time of the PSDs which must be carefully
controlled to minimise the kinetic energy
of the doors to prevent injury should
someone obstruct the doors. Once
the doors are closed the time taken for
the train to move will depend on the
holding brake applied. The higher the
level of holding brake applied the longer
the brakes take to release, as such this
requires careful co-ordination with the
rolling stock provider.
Other key roles of the operator
The system will also have to perform
other key operator roles and some of the
more complex are as follows:
Train Wake Up and Sleep – These
functions are normally performed in
the depot, Train wake up is a complex

Fault reporting – With no operator onboard all alarms must now be monitored
by the OCC. This increases the workload
of the OCC and as such the alarms must
be carefully designed. The criticality
of alarms across systems must also be
consistent to allow the operators to know
the comparative importance of different
alarms. For this the potential impact on
safety/service is assessed to rank the
alarms. Alarms are sent back over the
redundant signalling communications
network and critical alarms for signalling,
communications and train systems are
also sent back via the non-signalling
communications system (TETRA) back to
the ATS. The ATS must combine the two
sources of alarms ensuring that there is
not duplication presented to the operator.
Whilst double failures in the redundant
signalling communications system should
be exceptionally rare, losing critical alarms
such as fire alarms for an unmanned
train is considered highly undesirable.
Emergency detrainment – There must be
TETRA can carry data in addition to
a mechanism to allow the passengers to be
the voice communications but the
able to escape from the train safely in the
capacity is limited. Only critical alarms
event of an emergency on the train. The
are transmitted via TETRA back to the
general principle is always to get the train
control centre providing a diverse path.
to the next platform where evacuation and
For a new system this has a relatively low
incident management can be performed
cost overhead as currently there are no
more easily than in a tunnel, but there
suitable frequencies available that could
may be occasions when evacuation is
provide the bandwidth for both signalling
required in the tunnel. The trains are
and voice data comms channels.
equipped with end detrainment doors that
can be lowered to provide a ramp down
System interfaces
on to the track. Use of the ramp must
System interfaces for the unmanned
be carefully controlled to ensure that all
railway are more complex to permit
trains in the vicinity are stopped and that
automation of interface functions
the traction current has been discharged
that would traditionally be done by an
from the third rail, thus minimising the risk
operator. Figure 3 shows the interfaces of
to passengers on the track. In the event of a CBTC system. Note that in Singapore
loss of communications between the train locomotives are equipped with CBTC
and the trackside an evacuation zone is
(ATP) and this allows safe running at
automatically applied around the train by
speed, enabling efficient access to work
the trackside on the basis that the train is of sites after the traffic day has ended. There
unknown status.
are three interfaces that require attention
process whereby a remote command
from the ATS system, sent to the train ATC
system, is used to power-up the rest of
the ATC system as well as all other train
systems. During the power-up the train
data management system, part of the ATC,
will communicate to the train systems and
perform its own start-up tests of the ATC
system as well as integrated tests of the
train systems to determine that the train is
healthy and ready for unmanned operation.
The health status achieved is reported back
to the operations control centre (OCC)
to permit the operator to intervene in the
event that a train does not achieve the
desired state. Sleep is used at the end of
the service day; once the train is stabled
the ATS issues the command sleep to the
trainborne ATC system and this is then
used to shut down all the train systems
and partially shut down the trainborne
signalling equipment (except for the radio
communications and wake-up equipment).

Civil contractors
Figure 3 – External system interfaces.
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for the unmanned railway and these are
considered in more detail below.
Passenger train interface
As has already been discussed above,
replacing the train operator requires the
signalling to perform many functions
requiring the most complex interface of
all the external systems. This is an area
where specifying requirements requires
great care. The requirements for the
signalling specification must be mirrored
in the rolling stock specification. How
much to specify? Too little and there
may be problems with the two suppliers
converging to a common design; too
much and there is the risk of noncompliance due to systems operating
differently but meeting the same overall
ops and safety requirements as well as the
risk of stifling innovation.
There will however be functions where
the operations concept is clear and so
such requirements can be defined in
detail. The more difficult part is defining
input/output between systems as
different suppliers configure their systems
differently and care must be taken not to
favour a supplier specific solution. Some
key issues that need to be considered
for the train interface include, ventilation,
location of equipment including cubicles,
defining brake rates for both surface
and tunnel conditions, mode transitions,
mode selector switch combinations,
consist formation and valid/invalid consist
formations, etc.
Whilst many of these issues are not
unique to the unmanned railway
when added to the unmanned railway
requirements the interface becomes
very daunting especially if one of the
interface contractors has not supplied an
unmanned system before. At the Land
Transport Authority of Singapore (LTA),
we are looking to develop a skeleton
Interface specification that covers most
of the fundamental requirements for
the interfacing parties on the basis that
if they have an alternative solution that
meets/exceeds the safety and operational
requirements it can be proposed, but if
not accepted then a backstop design
solution exists.

Train announcements also need to be
either remotely made or triggered as well
as standard train arrival and interchange
information which is triggered on the
train. The signalling system will be
required to provide triggers based on
location, dependent upon the complexity
of the message to ensure that the
message is completed prior to the train
stopping to give passengers time to
prepare to alight. With some stations
requiring complex messages and some
only simple messages the signalling must
be able to have the triggers set individually
for each station to station run in order
to ensure messages are not broadcast
too early or late.
Power interface
During a passenger initiated evacuation in
the tunnel the signalling must stop trains
and discharge the traction supply to the
third rail. The interface needs redundancy
but also needs to be fail safe, such that in
the event of total failure of the interface
the traction can be discharged. Similarly,
if the traction is discharged trains should
not be permitted to enter areas without
traction. Determining the extent of
traction discharge for an evacuated train
needs careful consideration.
The system must ensure that all traction is
discharged in areas where the passengers
could realistically end up. As shown in
figure 4, the presence of cross passages
and crossovers mean that passengers
could stray onto the other line, especially
if there is smoke in the tunnel. Whilst
we would expect that passengers would
leave the track at the first station we also
assume that some might try and exit
at the other end of the station and that
introduces the next traction section. So,
the principle is to discharge the traction
on both tracks on the section where the
incident train is located and both adjacent
sections on each side of the stations
adjacent to the stations.
Integrated supervisory
control system (ISCS)
The ISCS system is used to set tunnel
ventilation in an emergency and the
provision of accurate location information
is essential as there are no train operators

to report where they are. With CBTC
permitting multiple trains on a single train
detection section this further complicates
the train location determination for
the operator. The signalling therefore
provides the position of all trains to the
ISCS system to allow effective ventilation
control during an incident, ensuring
a smoke free path for passengers to
evacuate through.

System architecture
Most suppliers can supply systems
in a variety of architectures for both
trainborne and trackside systems, varying
from completely distributed to totally
centralised systems. For the unmanned
railway, consideration must be given to
how the system reacts to a complete
loss of redundancy. Whilst such events
should be very rare they cannot be ruled
out. Any incident should minimise the
number of affected trains. Any failure that
results in the loss of communications to
the train from the signalling will trigger the
evacuation process, stopping trains in the
vicinity and discharging traction current.
At this point the operator must quickly
decide whether the system can be
recovered or whether to commence
evacuation as the trains commence load
shedding. Under such circumstances
the affected area should be as small
as possible to minimise the number of
trains without power. A totally centralised
architecture is unacceptable due to the
difficulty in managing so many trains back
into service or in the event of an extended
shutdown the logistical challenge of
evacuating passengers quickly before the
batteries drain completely. Evacuation is
to be avoided if possible as evacuating
in tunnels that can be at over 40°C is a
serious undertaking.
Suppliers want to minimise the equipment
count and once the location of reversing
crossovers is considered, then zones
covering 2-3 stations tend to be the best
compromise. For a service running at 90
second headway the failure of a zone
covering 2-3 stations could affect up to
20 trains which is still a significant incident
for operators to manage.

Figure 4 – Emergency evacuation area.
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Seen at Gali Batu depot, this is one of the
new fleet of driverless trains that have been
introduced on Singapore’s world-leading
metro system.
Photo LTA.

When the implications of failure even
for an optimised architecture can affect
20 trains, then the design of the power
supply, zone controllers, interlockings and
data networks and radio communications
systems must ensure that there is true
redundancy and eliminate all possible
single point failures.
For future lines the provision of diversity,
additional stand-by systems in addition
to the standard redundancy, are being
investigated for key systems to increase
the robustness of the system. Experience
has shown that interconnection between
redundant systems can have systematic
faults that bring down both systems,
so diversity in design can assist in
reducing the impact.
For the trainborne equipment all systems
that if failed would immobilise the train
must be redundant. Designing out single
point failures on the train interface can
be challenging and a variety of interface
circuits maybe required to cope with the
different train circuits, such as emergency
brake release, door enable and control,
service brakes, traction inhibit, creep etc.
I/O redundancy also needs to be done at
each end of the train with mode selector,
door controls etc. This is generally easier
if ATC equipment is placed in both end
cars. Main processor redundancy however
is achieved on an end to end basis making
the redundancy arrangements complex.

Supplier’ system vs authorities
system requirements
Suppliers ideally want to sell you their
system off the shelf, but most clients
have their own specific needs that need
to be met. The clash in needs of the
client specifications and off the shelf
solutions needs to be managed to
achieve a balance between prescriptive
and performance based specifications and
ensure that innovation is not stifled.
Whilst unmanned systems are becoming
more common they are not standardised
and as such each operator will want
to keep a common operating concept
across lines; only updating when there are
improvements that can be made to safety,
performance or operability. As such most
contracts need to be both prescriptive
and performance based. This of course
poses a dilemma for suppliers in terms
of the compliance during the tender
process, as a fully compliant bid may well
be significantly more expensive than the
supplier baseline solution.

For the Authority, this poses a problem
where justifying a higher price bidder to
the tax paying public is not easy. Often
the criticality of an unmanned feature
may not be obvious to a supplier who is
so often far removed from the operating
railway. Undertaking a rigorous technical
evaluation of tenders and then only
opening the price for those that reach the
required technical compliance certainly
helps. Having an appropriate weighting
between price and quality can then be
used to ensure that the best value for
money solution is adopted.

Operator information
The signalling system is one of many
systems that supports unmanned
operation and the interfaces mean that
the operator is often dealing with multiple
systems during an incident. Whilst
suppliers must provide detailed manuals
and training on how their systems work,
it is important to provide the operators
with a complete picture of the railway.
The four systems with the most complex
interfaces are the signalling, rolling stock,
communications and ISCS.
For these systems, a unified set of
manuals is produced in addition to the
system specific manuals. All four suppliers
provide the information with collaborative
editing to produce the ‘Operational
Modes and Principles’ document, which is
formed from the following volumes:
Volume 0

Table of Contents

Volume 1

Operations Concept

Volume 2

Normal Mode Operations

Volume 3

Emergency
Mode Operations

Volume 4

Degraded Mode
Related to Mainline and
Depot Operations

Volume 5

Degraded Mode
Related to Trains

Volume 6

Degraded Mode Related
to Signalling System

Volume 7

Degraded Mode Related
to Platform Screen Door

Volume 8

Degraded Mode Related
to Communication System

Volume 9

Degraded Mode
Related to ISCS

Volume 10

Degraded Mode Related
to E&M Services

The manuals are developed in tandem
with the system design, the theory
being that they are developed from the
individual system designs, however in
practice as they are developed they
tend to identify issues with the design
that are not obvious to the individual
system designer and so can identify
changes in the design stage prior to
testing thus saving additional time in
the design and testing process. Once
complete the manuals are signed off by
all four suppliers.

Conclusion
Unmanned railways are complex and
must be specified very carefully to
ensure that a safe and efficient operating
concept is achieved. Suppliers will try to
supply their baseline product with as few
bespoke elements as possible and so
‘must have’ features need to be carefully
specified. The suppliers need to be told
up front that the omission of any features
will mean a technically non-compliant
bid that may be rejected. Innovation may
need to be client driven in some instances
where no supplier has an obvious solution
to improve reliability or performance.
Interface management and definition
must be an integral part of the process
from specification, design process,
testing and operator manuals to ensure
the both the operability of the system
and understanding of the system
by the operators.
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Reducing maintenance backlog

Juha Lehtola
Finnish Transport Agency
The following article was originally
published in Signal and Draht, issue 5
of 2017. It is republished here with
permission and an update on current
progress provided by Juha.
The Finnish transport network (roads,
railways and waterways) has been
suffering degradation as a result of
decreasing funding for routine annual
maintenance. It has been calculated
that the maintenance backlog for
the Finnish transport network is
around €2.5 billion.

Programme to reduce
maintenance backlog
In order to reduce the maintenance
backlog of the transport network in
Finland, additional funding of €600
million has been granted for the period
2016-2018. Further funding amounting
to approximately €100 million is to be
transferred annually from new transport
infrastructure projects to basic renovation
of transport systems including private

roads between 2017 and 2020. Figure 1
describes the need for additional funding
levels to stop the degradation of the
transport network.
Around €223 million has been granted for
railways out of the total of €600 million, in
addition to which €101 million from new
transport infrastructure projects has been
designated for the railways.
Great emphasis has been on railway
signalling systems in the maintenance
backlog programme. Altogether,
€124.2 million has been granted
for renewing signalling systems
between 2016 and 2020.

Finland’s interlocking and
signalling systems
In order to understand the problems of
the Finnish signalling system maintenance
backlog, here is a short review of Finnish
interlocking systems. From Figure 2 it
can be seen that there are many different
kinds of interlocking system. One of

Changes in maintenance backlog on
different funding levels

the biggest issues for maintenance is
that there are some unique interlocking
systems. The know-how for them is very
limited and, because of competition in
maintenance, no company wants to
invest in training professionals to look
after them, for example for a five-year
period of time.
Spares and supplier availability are also
an issue for maintenance of some of the
interlocking systems. If the system life
cycle is coming to its end, there may be
no production of new equipment to repair
current systems. Also, suppliers are no
longer interested in the old systems when
it comes to supporting maintenance
or making changes to functions or
track layouts.
The Finnish Transport Agency (FTA) has
made a survey regarding the remaining
life cycles of Finnish interlocking systems.
Figure 3 describes the situation, where
green means that everything is fine for a
certain period of time, yellow means that
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Source: Liikenneväylien korjausvelan vähentäminen ja uusien rahoitusmallien käyttö. Parlamentaarisen
työryhmän ehdotus, LVM julkaisuja 35/2014

Figure 1 – Changes in maintenance backlog
for different levels of funding.

IRSE News | Issue 244 | May 2018

8

Signalling device for opening bridge

7

Mechanical interlocking

7

CTC (Centralized Traffic Control)

15

Relay interlocking GANZ Domino 55

KLI

1

Relay interlocking GANZ Domino 70

1

Relay interlocking LM Ericsson Typ. -65

64

Relay interlocking Siemens DrS

23

Relay interlocking Siemens SpDrS 60-VR

12

Relay interlocking VR 76

1

GTSS free-wired relay interlocking
Electronic interlocking Ansaldo STS
Microlok II
Electronic interlocking Bombardier Ebilock 850

5
9

SPJ

KLS

MIS

JSJ

SLL
KUU

IKÄ

HNH

KLR

VRA

MUL

KVU
NMP

TRV

OUL ASTL
TOR

72
3

El. Interlocking connection (control) Mipro MiSO TCS

1

Electronic interlocking Mipro MiSO TCS-O

1

Electronic interlocking Mipro MiSO YARD

11
2

Electronic interlocking Siemens SIMIS C
Sub station of electronic interlocking
Siemens SIMIS C
Electronic interlocking Siemens Westrace

35

Electronic interlocking Thales ESTW L90-5

6

Control key lock and signal safety system

82

Control key lock supervision

12

Intermediate block post

54

KJÄ

ROI

Sub station of electronic interlocking
Bombardier Ebilock 850
Electronic interlocking Mipro MiSO TCS

32

SMV

PEL

TÖR
Oul I

LLA

KEM

Oul II/III

SIM

Oul IV
Oul V

MYS

Oul VI
Oul VII

II

HD
TUA

ÄM
PSK

OUL
LKA

UTJ

KML PKL

HVN

HYS

MH
RKI

RHE

POY
KAO
KAJ

KGS

MTV
YKS

TLV

NVL

KNS

KLV

PYE

KPI
PNÄ
KOI

VV

RJR
JPA

KOM

ITK

PYK

PHÄ

IKY

KTP

TUU

PLU

KJI

IN

ALV

SUO

HMK
KEU

MD
RLA

KIÖ

VJR
STÖ

NAL
HVA
VJO

TRK

OV

KKI

AHV

KN

SNM SIU LLH
KRU
HNO
NOA KAU
VMA

HP
HGS

LKL

UR

TL
MSÄ
LTS
PRL

TU
LK
RY

Rii Astl

LM

MYN

SAM

KÖ

Rii I

KAR
MRI

NNL RAI
TUR

PO

JK

PIK

JP

MSO
PKU MEL

LPO

JYR

VRM
VLH

JR
HAS
KEK

LH

DRA
TMS
DMV

KR

IKO

LO
KRN

STI

PUN

HLS

LÄH
SIP
MLÄ
KSU

HAA

UKÄ

SUT
KJL

NMÄ

PAR

SMÄ

RAH

TRÄ

TAP

LR

OLK
ILA
PAU

JTS
MKO
LRS

KE

KPA
KTH
MKI

LÄ

KJR TA

PL
RPO

KRS

VAI

MYR

KY
LPJ

HEL

IMT
IMK

IKR
JRI

MYÄ

KTA

OLLI

RAS

HJ

KVL

HEL Astl

SPL
RJÄ

Kvl IV

SPÄ

KUK

SR

KIJ

Kvl III

VHJ

OM

KTI
POI

PKY

TKL
ML

HMA

EPO

VSA

KNI
HPL

KLH

NM

ERV

KIÄ

Kvl I

KII

HLT
TOM
JUT

HY

RM

Rii IV

SLO

Figure 2 – A wide variety of types of
interlocking are currently in use on
the Finnish railway network.
Interlocking map FTA, Finland
network map Wikimedia Commons.
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Figure 3 – Lifecycle estimation
for different interlocking models
in use in Finland today.
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there are going to be some difficulties
in getting new spare parts or supplier
support and red means that no more
spare parts are available and that the
supplier does not provide any support for
maintenance or modifications.

Date

Process

25 February 2016

Market information.

7 March 2016

The public procurement notice was issued. six applications
to tender were received.

22 April 2016

The invitation to tender was sent to four tenderers..

Around a third of the interlocking
systems are relay-based, and the rest are
computer-based from several periods
starting from the early 1990s up to
2016. Age is not a basis for renewing
systems. Some relay interlockings are fully
functional, have the possibility of being
modified and spare parts are available for
them, so those still have a long life cycle
left. On the other hand, some computerbased interlocking systems are in need of
urgent upgrading or renewal.

16 - 19 May 2016

During the tendering period a presentation meeting
concerning the invitation to tender was arranged for all
tenderers. At that meeting, the FTA presented the material
in the invitation to tender to all tenderers separately. The
purpose of that was to make sure that every tenderer
understood what the customer wanted.

20 June 2016

Three offers were received for the procurement part one
and four offers for the procurement part two.

1 July 2016

The purchase decision was published.

9 September 2016

Contracts signed.

As Finland’s signalling is still based on
visual aspects (and will remain so in the
near future) we have both bulb and LED–
based signal lamps. It is a requirement for
newly-built systems to use LEDs, and thus
the need for bulbs is decreasing, but still
much needed throughout Finland.

Digitisation
Digitisation is a big thing around the world
now. The Finnish railway sector also has
a strong desire to digitise for the benefit
of railway maintenance. More and more
predictive maintenance is required to
keep the focus of maintenance personnel
on doing the right things at the right
time. For that, continuous information
is needed from trackside elements to
interlocking systems for passage on to
higher level ones. Interlockings are a key
part of this controlling and monitoring of
the outdoor equipment.
In the procurement of the new
interlocking systems, the FTA, as an
infrastructure manager, has taken this into
account by requiring an easy interface
for providing this information to its own
systems, where it is forwarded for use by
the maintenance contractor.

Modern traffic control
Train traffic control is becoming more and
more automated. In the past, we used to
have dispatchers in every station handling
the trains, and later the dispatchers moved
to centralised traffic control centres, but
were still doing manual work (for example
setting the routes), the main difference
being that the traffic areas were larger.
Nowadays, Finland is moving towards
more automated traffic control, where
computers control the trains according
to train numbers and pre-determined
schedules. So, there is no longer any
traditional dispatching to be done. As
Finland is digitising the higher-level
systems at a faster rate all the time, this
also sets requirements at the interlocking
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Table 1 - Procurement process timing.

level. If an interlocking system cannot
be modified to make it comply with the
requirements set by the digitised new
world, it must be renewed at some point.
Another example concerning modern
traffic operations (apart from controlling
trains) are track works. In theory,
protecting track work could also be
automated. Whenever a company
wants permission to work trackside, it
must submit a reservation request for
a certain location. That request is then
handled and approved by a coordinator
responsible of scheduling track works and
train traffic. Once the request has been
approved, the system has to generate
track blocking or request automatic
blocking (within the functional rules of
the interlocking system). That will then
remove the possibility of human error
failing to provide the correct protection of
the track work at the right time and in the
right location.

Renewal programme
The locations for the maintenance
backlog signalling system renewals
were selected according to the
survey made by FTA.

Locations
The most critical locations were
suggested for funding, and out of
the original €600 million funding the
following were selected:
∞∞ Vainikkala yard.
∞∞ Kotka/Kotolahti and Mussalo yard.
∞∞ Riihimäki-Tampere line section.
These three with Niirala yard added to
them (already decided on before the
maintenance backlog funding) are to
enter service by the end of 2018.
In addition to these, the following
received funding from the additional
resources for big investments:

∞∞ Ylivieska yard.
∞∞ Kotka/Hovinsaari yard.
∞∞ CTC Eastern Finland.
These three are to enter service at latest at
the end of 2019.
As the funding was decided in January
2016 for the first three, time became
the most important factor for the
procurement. The first thing was to
arrange market information about the
upcoming procurement. It was a great
success with participants from more
than 15 companies interested in different
kinds of tasks related to the projects. The
additional three locations are still pending.
In general, for these projects one
procurement was arranged with two
parts as follows:
1. Vainikkala, Kotka/Kotolahti and
Mussalo and Niirala yards.
2. Riihimäki-Tampere line section.
Both procurement parts also include an
option. For procurement part one, there
is an option for renewing the signalling
on the line from Kouvola to Kotka and
Hamina. For procurement part two, the
option is to renew the signalling on the
line from Tampere to Seinäjoki. One
company was only allowed to get one
part. The decision was to be made by the
winning company and it was required to
indicate in its tender which part it would
prefer if it were to win in both parts.

Very tight schedule
The whole procurement process was
carried out during spring 2016. The very
busy schedule was as shown in table 1.
This kind of busy schedule sets high
demands on both the buyer and the
tenderers. In the end, it can be said
that there was barely enough time.
The quality of all offers was very high,
and they were highly comparable. The
comparison basis was:
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∞∞ 40% for quality, divided into:
••

10% for life cycle control
management plan.

••

10% for standard time schedule.

••

20% for a test for key
personnel offered.

∞∞ 60% for price, divided into:
••

Price for basic content.

••

Price for option.

••

Price for yearly maintenance.

••

Price for small and
large modification.

larger entities in the railway
operating location.
∞∞ The railway operating location of
Kotka functions as a stopping point
and terminal for passenger traffic
and as the harbour’s railway yard for
freight transport.
∞∞ Several interlocking systems
currently including unique and very
old technology.
∞∞ More than 20 tracks of mixed main
and shunting routes.
Niirala

Details of the locations
Procurement part one

∞∞ Railway operating location on the
border between Finland and Russia.

Vainikkala

∞∞ Daily freight traffic between
Finland and Russia.

∞∞ Internationally important railway
operating location.
∞∞ One of the most notable railway
operating locations on the
border between the European
Union and Russia.
∞∞ The only railway operating location
on the border between Finland and
Russia with regular passenger traffic.
∞∞ Unique current interlocking system.
∞∞ More than 30 tracks of mixed main
and shunting routes.
Kotka, Kotolahti and Mussalo
∞∞ The Kotka railway yard consists
of seven parts that form three

∞∞ 15-track railway yard of mixed main
and shunting routes.
∞∞ Currently very old technology.
Option Kouvola-Kotka/Hamina line
∞∞ 35 km double-track line and 36 km
single-track line.
∞∞ Freight and passenger traffic.
∞∞ Mixed interlocking base currently.

Procurement part two
Riihimäki-Tampere line
∞∞ 110 km double-track railway.
∞∞ Two larger stations
(maximum ten tracks).

∞∞ Main railway route in Finland with
heavy mixed traffic of freight
and passengers.
∞∞ Interlocking equipment of the railway
yards of Riihimäki and Tampere
is not included.
∞∞ Relay interlockings are the technical
interface in Riihimäki and Tampere.
Tampere-Seinäjoki line
∞∞ 160 km single-track line.
∞∞ Tampere and Seinäjoki not included.
∞∞ Important corridor for passenger
traffic from south to north.
∞∞ Relay interlockings are the technical
interface in Tampere and Seinäjoki.

Current situation
Procurement part one
The Niirala railway yard’s new signalling
equipment was taken into use in
December 2017, a couple of weeks
earlier than planned. At the moment
FTA in conjunction with the supplier is
monitoring the reliability, availability and
maintainability values set in the contract.
The Kotka and Vainikkala railway yards are
currently under construction despite quite
heavy winter conditions in Finland. The
estimated schedule for commissioning is
for both locations is later this year. Kotka
first after summer and Vainikkala, the
border station, will be the last taken into
use around the end of the year 2018.

The FTA requires all new
schemes to use LED signals.
Photo Simon Toikkanen.
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Procurement part two
The line between Riihimäki and Tampere
is almost complete on-site and the final
factory acceptance tests are ongoing.
The on-site commissioning activities
will begin around March and will last
the rest of the year. The planned take
into use date is just before Christmas
2018. In this commissioning there is a
lot of coordination work to be done
between the project and operators as
the railway section is the busiest mainline
in Finland with mixed passenger and
freight trains. Final construction works
are also in progress during the Finnish
winter conditions with roughly half a
meter of snow and 0 to -20 degrees
Celsius outside.

General
Despite the very tight procurement
schedule we can say that so far it has
been a success. Both parts are on
schedule and there has been only a
small amount of negotiations related to
additional works. This year will show how
well the contracts work out in the end.

Additional funding locations
The Hovinsaari signaling renewal has just
been procured and the Ylivieska signaling
is under procurement. The CTC Eastern
Finland was also successfully procured
and contract just signed in January 2018.

Requirements
The FTA has a collection of requirements
called “The Finnish interlocking
requirements” (FIR). The FIR includes
technical, functional, operational and
Reliability, Availability, Maintainability and
Safety (RAMS) requirements combining
over 4500 items. These are fulfilled
with project-related requirements such
as design documents, including track
layouts, route tables and other functional
and operational designs.
A basic high-level requirement in Finland
is that if there are main routes included
all system functions must fulfil SIL4. The
maintainability of the signalling system

and availability of spare parts must be
assured for at least 25 years.
More detailed requirements include
country-specific functions, such as visible
signal pattern and aspects and how to
generate a route and what the monitoring
conditions are. Also, requirements for
shunting work are included in the FIR
basically containing operation with
buttons outdoor inside a specific local
operating area for setting shunting routes.
RAMS requirements are more or less
adopted straight forward from the Eurointerlocking documentation with only
minor parameter settings done in Finland.

Buyers’ contribution
The FTA has a strong willingness to
contribute to suppliers’ work to achieve
all these requirements. For example,
the buyer has arranged preliminary
factory acceptance testing where
Finnish interlocking specialists are sent
to suppliers’ premises to help interpret
the requirements. This has been found
to be a very beneficial way of working.
The supplier can show the experts from
a demonstration operating panel if their
interpretation is correct. There is also an
opportunity for the experts to point out
the often challenging parts before the
software is frozen for a release.
In the maintenance backlog projects, the
supplier sits at the same table as the final
construction designer. The benefit from
this is quite major, for example when
designing cable routes and final layouts
for equipment rooms.
Through these buyers’ activities the
FTA wants to make sure that no difficult
surprises will occur later on during the
system build phase or, even worse,
during commissioning.
In general, in these projects the FTA wants
to create an atmosphere in which we can
work together towards the same goal.
The management of the whole project is
as open as possible when working under
the contract. In this way, decision making
is not too heavy but remains flexible.

Future plans
The FTA takes the maintenance backlog
problem very seriously and is working on
preventive matters. One very important
step is to start educating the people
working on signalling systems. Brand new
educational facilities will be opened for
all track work and maintenance works
in Finland during 2017. A strong focus
is on signalling systems. Education is
to be planned and controlled by the
infrastructure manager. That leads to
better understanding of the current
systems and by that to wider range of
experts working on modification projects.
Digitisation will be used to steer the
maintenance work to be more preventive
rather than reactive. The interlocking
and CTC systems play key roles in that,
as they are the interface between the
equipment and maintenance. There are
several improvement projects going on
which using applications and available
data from the signalling systems is to
be taken into use to help the process of
planning maintenance.
For example, with these the FTA wants to
be in a position in future where at least
for signalling systems the maintenance
backlog would not be so big. That
is also a huge cost-driver with less
need for large investments and more
focus on sustainable maintenance of
current equipment.

Summary
The signalling system renewal project is
historically large by Finnish standards. By
this kind of investment, the infrastructure
manager can assure a high level of RAM
for years to come. Simultaneously, the
FTA is putting a lot of effort in preventing
the maintenance backlog having an
impact on the usability of the Finnish
railway network. The signalling systems
are also seen as a key part in digitising the
railways and thus are in constant need of
renewal and modification.

An aerial view of Helsinki central railway
station taken in January 2018.
Photo Shutterstock/Karavanov_Lev.
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Industry news
ERTMS and TMS for Norway
by 2034
NORWAY: The Norwegian national rail
administration Bane NOR is planning
the procurement of a new signalling
system based on the European Rail
Traffic Management System (ERTMS)
standard. The goal is to renew most of
the existing signalling systems on the
railway network by 2034. The project
includes signalling systems, onboard
equipment and a national Traffic
Management System (TMS).
The modernisation programme will
increase the attractiveness of rail travel
through improved passenger service as
well as delivering environmental, social
and economic benefits to Norwegian
society. The renewal project is also driven
by the need to replace older signalling
equipment that is harder to maintain
and less reliable.
A NKr 600m (£59m, €63m, $78m)
contract has been awarded to Thales
for a new TMS system based on Thales’s
ARAMIS TMS which has been substantially
enhanced to provide a cyber-secured,
cloud ready platform with a fully adapted
human machine interface.
The TMS will replace three existing
systems and Bane NOR say it is crucial to
provide a state of the art system to make
the most of their existing infrastructure,
deploy more trains on the network and
deliver an efficient, high-capacity railway
system to improve train punctuality,
enhance passenger safety and comfort
and facilitate the mobility of people and
freight throughout the country.
The project will be rolled out over the
next 17 years, and the contract includes
support, maintenance and cyber-security
services. The Thales TMS will have an
interface with the existing systems during
the migration period, ensuring a smooth
transition to the new system.
Bane NOR has also announced plans
for ERTMS signalling to be supplied
by Siemens worth NKr 5.5Bn (£510m,
€579m, $717m) and in addition Alstom
has a contract for the delivery of
onboard equipment for the trains worth
NKr 2Bn (£185m, € 210m, $259m). The
new systems will be delivered over a
period of ten years.

Norway’s 4000 km rail network will benefit from a massive investment in ERTMS and TMS.
Photo Shutterstock/Thor Jorgen Udvang.

The supply will include system
development, design and build for around
400 vehicles owned by Norske Tog,
Cargonet, Flytoget, Bane NOR and a
range of other companies with a smaller
number of locomotives and plant. The
14 companies involved will now enter
into individual contracts with Alstom for
ERTMS equipment for their vehicles.

First ATO passenger operation
on London’s Thameslink
Govia Thameslink Railway (GTR),
working with Network Rail and Siemens,
have claimed to achieve a worldfirst by running ATO (Automatic Train
Operation) over ETCS (European Train
Control System) on a mainline railway in
passenger service.
On Saturday 17 March, southbound
8-car Thameslink train 700019,
destination Three Bridges, brought itself
to a halt automatically at London St
Pancras International at 13.53 having
transitioned into ETCS Level 2 Full
Supervision and then ATO on its approach
from Kentish Town.
With the driver checking the platforms,
closing the doors and then selecting ATO
again, the train with its in-cab signalling
then continued under automatic control
through Farringdon, City Thameslink and
London Blackfriars. It finally transitioned
out of the system on its exit from

London Blackfriars, as it headed towards
Elephant & Castle.
The run followed nearly two years of ontrack testing and has paved the way for
further runs. The runs will not only help
build industry confidence in the system
but also facilitate the commencement
of driver training in readiness for the
increase in services.
The system will allow a high intensity
Thameslink service of up to 24 trains
per hour each way with 70% more seats
through the centre of London, linking new
communities and cutting journey times
for thousands of passengers.
Working with Network Rail and Siemens,
GTR has run nearly 200 night and day
shifts of testing since April 2016 when
it began proving ETCS dynamically at
Network Rail’s ETCS National Integration
Facility at Hertford North in April 2016
and has had to demonstrate to the
regulator that it has made the necessary
amendments to its Health & Safety
Management System to allow for the
trains to operate in both ETCS & ATO in
passenger service.
ATO will initially operate between
St Pancras and Blackfriars in May 2019
(22 tph), being extended to London
Bridge in December 2019. Under ATO, the
driver presses a button and the system
takes over. The driver still undertakes
safety checks, closes the doors and
selects ATO again.
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Why do signalling
projects fail?
Prepared on behalf of the
International Technical Committee
article by Alan Rumsey
Why do signalling projects fail?
The reason for asking this question
is that, in recent decades, the
frequency at which projects fail
appears to be increasing rather
than decreasing.
There is a growing concern and
frustration amongst some operators
that signalling and telecommunications
technology deployment is too slow,
which leads to the unfortunate perception
that the profession lacks innovation and
is incapable of successfully delivering
upgrades in a timely fashion. If this is
indeed the case, then it is important to
fully understand the root cause or causes
of project failures.
For the purposes of this article, a project
is considered to have ‘failed’ if it fails to
deliver the anticipated business case
benefits in the planned and contracted
time frame i.e. the project is ‘late’. In
extreme cases, the contract may be
cancelled, and the work never completed,
or the contract may be re-bid resulting in
additional delay. More typically, the actual
project completion date is many months
or years after the originally contracted
completion date.
When a project is late, there are
inevitably financial and reputational
implications for the parties involved in
implementing the project. In addition, to
minimise schedule and budget impacts,
it often becomes necessary to reduce
the originally contracted scope, with
potential consequential reductions in the
anticipated business case benefits. In an
attempt to maintain the schedule, there
is an increased risk of ‘cutting corners’,
leading to errors, omissions and rework
that further delay project completion.
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Clearly, not all projects do fail, and many
are successfully delivered on schedule
and within budget. ‘Greenfield’ projects
on new rail lines, for example, are
typically implemented more successfully
than ‘brownfield’ projects on existing
operating rail lines. Projects that simply
involve the replacement of equipment
‘in-kind’ are typically more successful
than projects that involve the introduction
of new generations of technology.
Project complexity is therefore seen
as an important factor in influencing
project success.
It could be argued that the principle
reason for project failures is simply a lack
of experience, expertise and competence
within the parties responsible for
implementing the project (on both the
supplier-side and on the contracting
agency-side). This could include
technical, process-related, and project
management-related competences.
With respect to technical competence, as
systems increasingly become computerbased, communications-based, softwarebased and information technology (IT)
based, and as these enabling technologies
continue to evolve at an ever-increasing
rate, some contracting agencies are
now beginning to look more to their IT
departments, rather than their traditional
signalling and telecommunications
departments, to take on the leadership
role when delivering state-of-the-art
control and communications projects.
It is certainly clear that for any project
to be delivered successfully the project
team on both the client-side and the
supplier-side must be appropriately
staffed with qualified personnel with the
necessary expertise and experience in
the technology being implemented. It is

a sad reality that often there is a shortage
(in numbers) of the specific talents
needed to deliver all the complex system
developments and projects that the
profession is working on today.
As such, it is not unusual, particularly on
the client-side, to increasingly rely on
consultant organisations to provide the
necessary expertise. There are also many
railway professionals who have worked
exclusively in either a client role or a
supplier role. As such, those working in
a client role may not fully appreciate all
the implications of changes to softwarebased, real-time, safety systems, while
those working in a supplier role may lack
experience with the practical realities
of operating and maintaining a rail
transportation system.
There is also a tendency to suggest that
a real or perceived lack of technical
expertise and experience on the supplierside can be mitigated through ‘better’
and more rigorous processes, and
high levels of project oversight, on the
client-side. While appropriate processes
can certainly contribute to project
success, unfortunately they cannot
replace competent resources. At the
end of the day it is people that deliver
successful projects.
While a lack of sufficient competent
resources can certainly be an important
reason why projects fail, this article
suggests that it is not the only factor,
or even the dominant factor, in
project failures.
There are three basic and highly
interrelated elements of any project,
namely scope, cost and schedule. These
are the key elements of any project,
and this article suggests that one of the
principle reasons projects fail is when

Photo Shutterstock/Kiattisak Lamchan
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there is a failure to appropriately balance
these three elements when viewed within
the context of the delivery risks inherently
associated with complex signalling and
telecoms projects.
All too often, the full complexity
of a project is not recognised (or
acknowledged) until after contract award,
when the project schedule and cost have
already been fixed. If the project scope
is the priority, then this clearly should
drive the project schedule and cost. It
is not unusual, however, for the project
schedule i.e. the timeline for completing
the project, to be constrained by external
political factors unrelated to the realities
of the project delivery.
In this case, if the project schedule is
the priority, then often either the project
cost must be increased, or the project
scope reduced. The project cost, i.e.
the total cost required to implement the
project scope within the defined project
schedule is, however, also typically
constrained by available funding. A
competitive procurement environment,
where lowest cost is the primary selection
criteria, can also lead to unrealistic project
cost expectations.
To successfully deliver a project therefore,
the primary challenge becomes one
of optimising the project scope to be
compatible with the project schedule and
cost constraints, and with consideration
and management of the inherent project
delivery risks which follow. If this is not
done it will inevitably result in project
failure, regardless of the competency of
the project participants.

Project delivery risks
In this section, some of the inherent
risks associated with the delivery of any
complex project are described. Each of
these risks, if not mitigated, can lead to
late project delivery and cost overruns.

Specification/scope risks
The risk here is that project scope is
poorly or ambiguously defined by the
contracting agency in the contract
specifications, or the scope is not
consistent with the key business case
objectives. This risk includes both underspecifying and over-specifying the project
requirements. Mitigating this risk rests
with the contracting agency and their
consultants, and is discussed in more
detail later in this article.

Adaptation risks
The risk here is that the level of adaptation
to service-proven products, or the level
of new product development required to
meet the requirements of the contract
specification, is underestimated by the
contracting agency and supplier, and
thus inadequately reflected in the project
schedule and project cost.
This risk is closely related to the above
specification/scope risk, and realistically
can only be mitigated through early
interactions between the client and
supplier organisations prior to contract
award, and prior to finalising the project
scope, schedule and cost.

Systems integration risks
The risk here is that there is inadequate
interface definition and interface
management with respect to the
system’s internal and external interfaces.
While the supplier is responsible for the
internal interfaces within their scope of
supply, it is the external interfaces to the
infrastructure, to the trains, and to other
legacy systems that are typically more
complex and of higher risk.
The contracting agency must play a
critical role in risk mitigation both in the
specification of, and the management
of, these interfaces. This can be
particularly challenging if the contracting

agency does not have access to the
relevant interface information (which
can then require direct information
exchange between two suppliers
under two separate contracts), or if the
necessary interface information simply
is not available, is not up-to-date, or
cannot be trusted.

Design risks
The risk here is of a failure to develop
detailed designs that are consistent
with contract requirements and the
contracting agencies’ expectations.
While mitigating this risk rests primarily
with the competence of the supplier, the
contracting agency can also influence
this risk, both positively and negatively,
through the specification requirements
and the method of working during
project execution.

Migration, commissioning, and
operational readiness risks
The risk here is two-fold. There is
a risk that the migration plan and
implementation schedule is unrealistic
given track access constraints, level of
effort required, or the dependencies on
work to be performed by others. There
is also a risk that the migration plan
and implementation schedule result
in unacceptable levels of impact to
passenger service during implementation.
Given that control and communications
projects are inherently tightly linked to
rail operations, the client organisation,
through its own in-house expertise and
knowledgeable staff, is inevitably in the
best position to mitigate this risk although
all too often an attempt is made to
contract-out this risk to the supplier.

Safety certification risks
The risk here is the level of effort required
for safety certification is underestimated
by the contracting agency or supplier
25
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and inadequately reflected in the
project schedule and project cost. While
mitigating this risk again rests primarily
with the supplier, the contracting agency
can also influence this risk, both positively
and negatively, through the specification
requirements and the method of
working during project execution. The
contracting agency is also responsible
for managing the safety certification of
those elements of the project that are
external to the supplier’s scope, such as
external interfaces and operating and
maintenance readiness.

System availability risks
The risk here is a failure to achieve and
sustain an acceptable level of signalling
system reliability/availability when the
system is cut-over into revenue service.
This could be a result of inadequate or
incomplete system test & commissioning
(which is primarily a supplier
responsibility), but could also be a result
of insufficient attention to maintainability
and maintenance training (which is
typically a joint supplier/contracting
agency responsibility).

Project management risks
The risk here is ineffective project
management by the contracting agency
and/or supplier, because of a lack
of sufficient resources to complete
the project on schedule, or a lack
of competency as discussed earlier
in this article.

Stakeholder engagement risks
Finally, the risk here is insufficient,
untimely, ineffective, and/or
unconstructive stakeholder engagement
that negatively influences project
outcomes. Many major re-signalling
projects are not stand-alone projects, but
rather are just one component of a highly
integrated transportation system upgrade
programme, comprising multiple projects,
collectively focused on satisfying specific
long-term business needs.
For example, the system upgrade
programme could include not only the
re-signalling project, but also new train
procurement, major control centre
upgrades, trackwork upgrades, network
electrification upgrades, maintenance and
storage facility upgrades, etc. Successfully
implementing such an upgrade
programme has been described as akin to
solving a huge logistical puzzle.
The number of internal and external
stakeholders that can influence a
project may be very large. Stakeholders
include not only signalling and
telecoms professionals, but engineering
professionals from other disciplines
responsible for enabling works
and interfacing systems, operators,
26

maintainers, procurement and contract
managers, funding agencies, regulatory
agencies, independent safety assessors,
and various public advocacy groups.

influencing the implementation strategy
and migration plan for the project which
in turn are major factors in influencing the
project schedule and costs.

Politicians, who may not fully appreciate
the complexities of re-signalling an
operating rail transportation system, can
also apply pressure to deliver the benefits
of the re-signalling project quicker and
at a reduced cost. Stakeholder risks can
be mitigated in part by the contracting
agency through early stakeholder
engagement and education, and by
ensuring, where possible, that any
stakeholder, who has the authority to
make changes or veto decisions, is also
accountable for the consequences of
these actions with respect to schedule
and cost impacts.

With a complex rail network, it is not
unusual to implement the project
in phases. While this is a perfectly
appropriate migration strategy, care
must be taken to ensure that the more
complex and higher risk issues are not
being pushed into the later project phases
simply to maintain schedule in the earlier
project phases.

Optimising signalling project
scope to mitigate project
delivery risks
As noted earlier, one of the primary
factors contributing to project failures is
a failure to optimise the project scope to
be compatible with the project schedule
and cost constraints, when viewed in the
context of the above inherent project
delivery risks. The discussion on project
delivery risks also clearly indicates that the
responsibility for mitigating these risks is a
shared responsibility between the supplier
and the contracting agency, and it is
particularly important that this reality be
recognised by all parties when optimising
the project scope.
The scope of any project can be
summarised in terms of:
1) The geographic area and complexity
of the project.
2) The performance/functionality
to be provided.
3) The operating and regulatory
environment in which the work is
to be undertaken.
4) The procurement/
delivery model adopted.

Complexity of rail network
The complexity of the rail network to
be signalled/re-signalled is typically a
given, with little opportunity to reduce
the complexity of the rail network as part
of the signalling project. Indeed, there
are often changes to the rail network
being implemented in parallel with the
project, with changes to track alignment,
new tracks being added, changes within
interlockings areas, etc.
The project may also be implemented in
parallel with new train procurements and
other system upgrades. The complexity
of the rail network (including legacy
equipment the project is required to
interface to) is however a major factor in

Insufficient attention to migration
planning early in the project lifecycle
(i.e. prior to contract award) can be a
significant factor in subsequent project
schedule and cost overruns.

Performance/functionality to be
provided
The project functionality, as well as
the safety, availability, and operating
performance levels to be provided,
should be driven by the desired business
objectives (such as enhanced safety,
increased capacity, higher levels of
automation, improved system availability,
reduced maintenance requirements,
etc.) and should be consistent with the
anticipated concept of operations and
maintenance after the implementation
of the project.
Although the benefits of top-down
requirements development and
requirements management are well
recognised, there are unfortunately too
many examples where this approach
is not followed. Rather than adopting
a true business case-driven approach
to requirements development, focused
on the desired project outputs, all too
often clients and their consultants will
develop procurement specifications by
building on specifications from prior
similar projects (without consideration
of any lessons-learned from those
projects), supplemented by a wish-list of
additional client-specific requirements
drawn from various, and often numerous,
project stakeholders.
With this approach, it is inevitable
that specification requirements, and
resulting system architectures, will
become increasingly complex, with no
improvement in specification quality.
The volume (number of pages) of typical
system procurement specifications is
certainly increasing, not only in terms of
technical requirements (what the project
must deliver), but also in terms of process
requirements (how the project must
be delivered and contract-deliverable
documentation).
The specification requirements must also
be balanced against the capabilities of
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currently available, and service-proven,
products such that the level of product
adaptation and new product development
is clearly understood early in the project
life cycle and appropriately reflected in
the project schedule and cost.
When developing specification
requirements, the challenge is balancing
long-term needs with short-term wants.
The long-term needs relate to the
business goals that justified the project
in the first place i.e. they are something
that must be delivered, and include
not only functional requirements but
also the overall system performance
requirements (the project ‘outputs’),
including safety integrity requirements. If
this requires product adaptation or new
product development, then so be it, but
this must be factored into the project
schedule and cost.
The short-term wants on the other hand
relate to preferences of the various
stakeholders; things they would like to
have but that don’t necessarily relate
directly to the business goals. This is
where the problem of over-specification
and unnecessary product adaptation can
occur. There is an argument, however,
that clients should not hold back on
including such requirements, and should
use such requirements to encourage
innovation and attracting new players into
the market; relying on the industry to push
back if the requirements are unrealistic.
In a competitive procurement
environment, however, there is a real
danger that suppliers will promise more
than they can realistically deliver, with the
philosophy that at the end of the day it is
better to have an unsatisfied client than
no client at all. This risk can be mitigated,

at least in part, though early contractor
engagement, prior to contract award, to
flush out unrealistic expectations.
When over-specifying the project
requirements occurs, at the functional
and detailed design levels as well as
at the engineering process level, there
is a resulting risk that demonstrating
compliance with thousands of individual
requirements during project execution
(the ‘paper project’) can take on a higher
priority than delivering the fundamental
business objectives.
Major projects also often represent
fundamental changes to operating and
maintenance practices, specifically when
there are major changes to signalling
technology. A lack of attention by the
client to organisational transition planning,
and operating and maintenance readiness
can also be a factor in project failures.

Operating and regulatory
environment
The operating and regulatory environment
can also be major schedule and cost
drivers on complex signalling projects.
On ‘brownfield’ re-signalling projects, for
example, the operating environment and
the need to maintain operations during
project implementation inevitably results
in constraints on track access and access
to rail vehicles.
If these constraints are not fully
understood early in the project life cycle,
and balanced against project delivery
needs, schedule and cost overruns
become inevitable. It is particularly
important that contracting agencies
recognise their role in mitigating this risk.
Regulatory requirements, and other
process-based requirements that impose

constrains on ‘how’ the project is to be
delivered can also result in schedule/
cost overruns if not factored into the
implementation schedule early in the
project life cycle.

Procurement/delivery model
Delivering complex projects typically
involves multiple entities (the client,
suppliers, installers, consultants, etc.)
all linked through multiple contracts,
where each entity takes on specific
responsibilities with respect to
project delivery.
There is a danger in attempting to place
all the project delivery risks with a single
entity, especially if that entity is not in
a position to manage all of those risks.
This approach will inevitably lead to
project failure.
A preferred approach is to fully
understand all of the project delivery
risks, and place each risk with the entity
that is in the best position to manage
it. A consequence of this approach,
however, is that the method of working
between the various entities becomes
critical, which in turn requires a
contracting strategy that encourages a
collaborative and co-located ‘one team’
approach to project delivery, with shared
milestones and processes, rather than a
confrontational ‘blame-based’ approach.
A contracting strategy that recognises that
successfully project completion should
take precedence over total contract
compliance i.e. the contract should
support, not constrain, successful project
delivery. Again, a prerequisite of such a
collaborative delivery model is that the
project schedule and cost is realistic given
the project scope.

Conclusion
In summary, while there can be many
reasons for signalling project failures, this
article concludes that one of the primary
factors is a lack of consistency between
contracted project scope, project
schedule and project cost, when all of
the project delivery risks are considered.
One solution is to simply acknowledge
up-front that complex projects will
indeed cost more and take longer to
implement than desired. The preferred
solution is to remove, as much as
possible, the unnecessary complexities
in the project scope that contribute to
project delivery risks, by:
1) Focusing more on project output
requirements and business case
objectives, and less on ever
increasing detailed technical and
process requirements.

2) Encouraging early engagement
between the client and prospective
suppliers to build confidence that
there is a common understanding of
both the technical requirements and
the delivery process requirements
(including migration planning), and
to flush out unrealistic expectations,
prior to contract award.
3) Minimising and simplifying, where
possible, external interfaces to legacy
equipment with the contracting
agency acknowledging their role in
mitigating system integration risks.
4) Minimising, where possible, product
adaptation/new development and
where this is required ensuring there
is an allowance for the adaptation/
development in the project
schedule and cost.

5) Placing project delivery risks with
the entities in the best position to
manage the risks.
6) Adopting a co-located ‘one team’
method of working.
7) Simplifying ‘process’ requirements
and ensuring that the process
requirements contribute to, rather
than constrain, project success.
8) Maximising access to track
and trains (short-term pain for
long-term gain); and
9) Showing a willingness to change
legacy operating and maintenance
practices, consistent with
characteristics of the new system.
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News from the IRSE
Francis How, Chief Executive
Subscription renewal and your contact details
We will soon be writing to all IRSE members with details of
your subscription renewal for 2018-19. Subscriptions are due
to be paid by 1 July, and we very much hope that you will
continue to be a member of the Institution by paying your
subscription promptly.
Most importantly, in order that you can renew and continue to
receive mailings from us, please check that the contact details
we have for you are up-to-date. You can do this by going to
www.irse.org, logging in and clicking on Manage your Record
under the Home tab. In particular, if you are receiving IRSE News
in the post from us but are not receiving the monthly e-bulletin,
it probably means that your email address on our system is out
of date. You will need to contact us if you need to change the
email address we have for you (email us at irseonline@irse.org).
We are in the process of updating our procedures for managing
the information we hold about IRSE members, licence holders
and others, to meet the requirements of the EU General Data
Protection Regulation (GDPR) which comes into force on
25 May 2018. We are sending all members an information sheet
about this (e-members can view it online at irse.info/r1xav).

London and South East UK: New Local Section
I am very pleased to announce that IRSE Council approved the
formation of a UK London and South East Section of the IRSE at
its meeting on 15 March. As we have progressively moved our
Presidential Programme technical meetings to locations outside
London (and to other parts of the world), the need for a Local
Section to serve the needs of members living in London and the
south east of England has become ever more apparent.
Trevor Foulkes, a former telecom engineer, is proposed as
the chair of the new Section, and Vivich Silapasoonthorn of
TfL as the secretary. The inaugural meeting will be held in
Central London on the evening of 21 June, featuring a series
of short thought-provoking presentations by members of
the new Section.

Amendments to Bye-laws
IRSE Council has approved an amendment to the Institution’s
Bye-laws, which means that if someone has not paid their
subscription within four months of the due date, their
membership can be terminated. Previously someone could
remain a member (although not receiving any mailings
or bulletins) for more than one year after the subscription
payment was due.
The amended Bye-law is clause 4.3, and the full Bye-laws can be
viewed/downloaded on the About page of the IRSE website.

Proposed Industry Affiliation Scheme
The IRSE is developing proposals for an ‘Industry Affiliation
Scheme’ (replacing the old Company Affiliation Scheme which
was discontinued in 2016), so that companies and organisations
can be affiliated to and support the IRSE. This is intended to be
available worldwide, and we are planning to go live with it later
this year.
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Annual Lunch, London
The 20th IRSE Annual Members’ Lunch will take place at the
Union Jack Club, Sandell Street, Waterloo, London, SE1 8UJ
(near Waterloo station) on Wednesday 13 June 2018.
A three course lunch with wine and coffee will be served at
13.00 hours and tickets for the event can now be purchased.
Please note that the Lunch is for IRSE members only.
This event is for all members, regardless of age or employment
status. It’s a great way of networking and meeting up with
both current and former colleagues in an informal social
setting. Our President, Markus Montigel, will be speaking. For
more information, and to book, please visit the IRSE website
(irse.info/v5pba).

IET Railway Signalling and Control Systems
Course (partnered by IRSE)
The IET Railway Signalling and Control Systems (RSCS) is a four
day training course delivered by a host of expert lecturers who
have worked on railway systems around the world. This year it
takes place from 18– 21 June in London. This course is delivered
every two years, and this year for the first time the IRSE is the
official course partner with the IET for delivering the course.
The course features a technical peer-reviewed programme
which is developed by an expert committee, covering the core
aspects of signalling and control systems from the basics to
in-depth design. The programme aims to provide attendees
with the most up-to-date contemporary training on signalling
and control systems, and is ideal for people at any stage of their
career who need to understand the basics of signalling and also
for those wanting to learn more about current developments.
It contains material relevant to both national rail networks and
metros. For more information and to book your place, visit
irse.info/v7lpm.

Presidential Programme 2018/19
The first paper of the Presidential Programme 2018/19
will take place on the evening of 13 June in London.
Dr Josef Doppelbauer, executive director of the European
Railway Agency (ERA) will present a paper on ERA’s view on
“Command and Control 4.0”. This will lay the basis for the
rest of the year and the application of cutting-edge concepts
and technology in railway signalling. Subsequent papers will
include: Big Data, location detection in “Smartrail 4.0” of
SBB, autonomous driving in London, cyber security, and a
contribution on ‘ATO in aeronautics’ to obtain another industry’s
view. The president invites you participate in the papers either in
person or by video link.
Markus would be pleased to receive your comments at
president@irse.org. As his personal contribution to “Winds of
Change” he has also opened Twitter account @irse_president,
where you can follow his activities during his Presidential year.

IRSE News | Issue 244 | May 2018

Midland & North Western Section
Technical visit to Derby power signal box
Ian James Allison
The afternoon of Thursday
22 February 2018, saw some 25
members and guests of the Section
visiting the power signal box (PSB),
located off London Road in Derby.
This visit included some of the staff
who had been involved with the original
commissioning or who had worked
at the location during its lifetime.
Commissioned in 1969 under the
watchful eye of Tony Howker, then of
Westinghouse, the Westpac Mark 3
geographical relay interlockings will finally
be decommissioned in October 2018 for
this area of control, after some 49 years
of continuous service.
The Derby Resignalling is taking place this
year and it is a £200million investment to
improve the railway in and around Derby
station. Although the station itself was
modernised in 2013, the current track
layout has not been improved for nearly
fifty years. The new track layout has been
designed to remove the bottlenecks
which currently force trains to have
to wait for vacant platforms outside
the station itself. Between 22 July and
7 October 2018, Network Rail will be
closing various sections of the remaining
PSB area of control in stages to achieve
the following activities:
∞∞ Installation of a brand new 320-metre
Platform 6 at Derby station, on the site
of the carriage sidings.
∞∞ Removal of the current Platform 5.
∞∞ Replacement of 17 km of track.
∞∞ Installation and commissioning of 79
new sets of points.
∞∞ Installation and commissioning of 55
new signals and nine new gantries.

Two views of the Derby PSB. Top the M&NW Section visitors.
Above a detail of the panel in use. Photos Ian James Allison.

∞∞ Renewal of Spondon Level Crossing
from MCB-CCTV (manually controlled
barrier with CCTV) to MCB-OD
(obstacle detection).

new Derby Westcad workstation at Derby
ROC (rail operating centre). Automatic
Route Setting (ARS) is expected to be
added to the Derby Westcad workstation
six to nine months later.

The existing Westpac interlockings at
Breadsall, Derby, Spondon and Melbourne
Junction will be replaced with three
new Siemens Trackguard Westlock
interlockings. The remote interlockings
at Duffield and Ambergate, to the north
of Derby, will be re-controlled and the
existing Westronic Time Division Multiplex
(TDM) systems will be replaced with
Controlguide Westronic 1024 TDMs. All
equipment will be controlled from the

Network Rail operations manager Lucan
Hawes greeted the members and guests
of the Section and provided an interesting,
enlightening and amusing commentary
to two separate groups over a period of
two hours on the operating floor of the
PSB, explaining the current interfaces
with the Derby ROC and the NX panel
for the remaining area of control. This
included the Derby station area, the
route from London towards Sheffield,

and the branch line to Matlock from
Ambergate South Junction. The previous
area of control for the West lines from
Derby, beyond the Sunny Hill loops and
Burton on Trent towards Birmingham had
previously been recontrolled to Derby in
2015, however, the NX panel still remains
although decommissioned and out of
use in the PSB.
An enjoyable afternoon of memories
was had by all those who attended this
technical visit. Grateful thanks must go
to the duty signallers, Lucan Hawes
and Derek Whittle of Network Rail and
Tony Kornas of Siemens Rail Automation
for making this technical visit possible.
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Technical meeting: Delivering the Rail Technical Strategy – FuTRO
Ian Mitchell
The Midland and North Western
Section met at the offices of
Resonate in Derby on 8 March
2018 to hear an update on the
UK Rail Technical Strategy by
Clive Burrows of FirstGroup.
Clive’s current role is that of group
engineering director for FirstGroup. His
role is international and cross-modal.
The Rail Technical Strategy was defined
some years ago with the goals of
reduced costs, increased capacity, cut
carbon emissions, improved customer
satisfaction, and maintained levels of
safety. These improvements are essential
if the railway is to complete with other
modes and contribute to society. The
pace of innovation is accelerating in
areas such as smart motorways, electric
road vehicles, autonomous cars and new
transport concepts such as Hyperloop.
The concept of ‘Mobility as a Service’
could totally change the relationship
between transport providers and users –
in future someone wishing to travel from
A to B could book a multi-modal journey
on a smartphone including a segment on
a train without dealing directly with the
railway undertaking.
Several of the key capabilities identified
in the technical strategy relate to control
command and communications, such as
running trains closer together, services
timed to the second and optimum energy
use. A research programme known as
FuTRO (Future Train Operations) has been
established to tap into university and
industry capability in these areas. Three
academic projects within the programme
have been recently completed and
detailed results are available on
RSSB’s SPARK website.
Safecap+ is a tool for entering and
analysing railway junction schemas.
The tool aims to be extensible and
configurable and may be applied in a
number of contexts such the analysis
of control table for junction signals,
assessment of capacity impact of signal
positioning and train detection circuit
boundaries, and also for conducting
semi-automatic or automatic changes
to schema topology or control tables.
The project was led by the University of
Newcastle and Siemens are making use of
the tool to validate signalling designs.
DEDOTS aims to develop algorithms
to increase the capacity at bottlenecks
on railway networks, such as busy
junctions and stations. The focus is to
30

Closer Running –”Thought Model”
Trains match planned speed profiles
Following train determines safe separation based on agreed ruleset

V2V or V2I2V
communications

Train location, speed;
length; capability;
traction/brake status;
track condition;
Hazards

Each train determines own location relative to shared track map
Self—determined track-precise location – sensor fusion from (e.g)

•
•
•
•

visual imaging
inertial measurement
GPS/mapping
tachometers

Radar/Lidar/Visual
Ranging
(ranges up to
3-400m)
Less on curves

A ‘thought model’ for closer running, presented during Clive’s talk.

control speeds of trains that approach to
junctions, so that they arrive at junctions
not only at the right times but also at
the right speeds. University College
London and the University of Birmingham
collaborated on this and a follow-on
project is planned for a practical trial of
the algorithms on a Connected Driver
Advisory System (C-DAS)
DITTO has developed scheduling
algorithms to minimise congestion related
reactionary delays, and train-following
rules to avoid inefficient acceleration
and braking when one train is following
another. These rules take account of
the type of signalling system, e.g. fixed
block or moving block, and frequency of
updates to movement authorities. The
Universities of Southampton, Leeds and
Swansea worked on the project, and
some of the results are being used on
the Beijing Metro.
Clive also explained the concept of ‘closer
running’ by managing train separation
via direct train-to-train communication,
instead by a centralised interlocking or
radio block centre. This could be achieved
using the same location technology as
existing ETCS and CTBC solutions, or
sensor techniques such as radar, lidar
and image processing that are being
developed for autonomous road vehicles.
Finally, however autonomous and
connected our trains become in future,
we must not forget the human, and there
will never be ‘one size fits all’. Across
the network there will be applications
where full Unattended Train Operation

is appropriate and others where manual
driving will remain with technology in a
‘drivers assistant’ role.
Clive ended his presentation by saying
that in preparing this talk he was
disappointed that he found it possible to
re-use some of his presentation slides
from five years ago. There is a real need
to increase the speed at which the railway
industry takes research concepts through
to realisation. There are tangible signs of
progress, for example the new fleet of
trains to be built by Bombardier in Derby
for FirstGroup’s South Western Railway
will come with ETCS and C-DAS onboard,
but most Network Rail projects such as
the Derby resignalling under way just
outside the meeting venue are still just
‘lights on sticks’.
In the Q&A discussion it was noted
that train-to-train communication
could be facilitated by the new 5G
telecommunications standard that
allows for direct mobile-to-mobile
communications, to facilitate the ‘internet
of things’. Finally, Paul Darlington gave
the vote of thanks on behalf of the
IRSE, and also thanked Resonate for
sponsoring the meeting.
RSSB has produced a brochure
summarising the results of the FuTRO
research projects described above. This
is available on the web at the SPARK
Rail Knowledge Hub www.sparkrail.org,
together with more detailed information
on these and other projects. IRSE
Presidential Programme papers will also
be available on SPARK.
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The Midland & North Western Section invites you to join
us for a Technical Visit and Annual Luncheon on the
Severn Valley Railway, Worcestershire, Saturday 16 June 2018
With the kind assistance of Siemens Rail Automation
and the Severn Valley Railway (SVR), the committee
of the Midland & North Western Section have
agreed to return to a location of previous successful
technical visits and luncheons. We have secured
places for up to 50 members and guests to travel on
a dedicated train and seek support from the whole
of the Institution and the S&T Industry to make this
yet another successful and enjoyable family event.
The programme is as follows:
10:30

Arrive and assemble at Kidderminster
Town (SVR) station.

10:45

Opportunity to visit the Kidderminster Town
signal box and railway museum in groups.

12:05

Special Luncheon Train departs
Kidderminster Town station.

13:15

Special Luncheon Train arrives Bridgnorth station.

14:15

Special Luncheon Train departs
Bridgnorth station.

15:30

Special Luncheon Train arrives at Kidderminster
Town station and end of visit.

The 2010 Annual Luncheon special train at Highley Station.
Photo Ian James Allison.

MENU
Starters

The choices for the three-course meal per individual for this
event are shown on the menu opposite.
The cost of the technical visit, including train tickets and
luncheon (excluding beverages) is £45 per adult and £35 per
child (aged 5-15). All children attending must be supervised
individually by an adult.
All individuals attending the technical visit MUST bring with
them a railway industry high visibility vest to wear on the
technical visit, and stout shoes or boots for walking on
ballast and uneven surfaces. The SVR reserves the right
to refuse access to the technical visit for individuals not
complying with these instructions and any Health and Safety
Briefing instructions.
To confirm your attendance, please send an email detailing
individual names and meal choices of those individuals
planning to attend, to acw-57@ntlworld.com and
ian.james.allison@btinternet.com. All payments can be
made either via internet banking sort code 09 01 51 account
09065506 (preferred method of payment), or cheques
made out to “IRSE Midland & North Western Section” and
sent to the Section treasurer Clive Williams, at: 4 Mill Rise,
Kidsgrove, Stoke on Trent. ST7 4UR. All payments should be
received no later than Friday 1 June 2018 unless previously
agreed with the Section Treasurer. For any further details,
please contact Ian James Allison on +44 (0) 7794 879286.
Please note that the Institution and administrations whose
sites are visited on technical visits cannot accept any
responsibility for injury, damage or other difficulty which
may arise. Individuals are therefore advised to ensure that
their own insurance covers all appropriate eventualities.

Crisp breaded Camembert
Tricolore of fresh fruits
Thai crab cakes
Chef’s homemade soup

Main dishes
Roast beef, Yorkshire pudding, horseradish sauce
Roast leg of pork, apple, sultana & cinnamon compote.
Poached chicken fillet, sage & onion duxelle, bacon wrap
Lightly poached fillet of salmon

Vegetarian main dishes
Cauliflower cheese tartlet
Champagne and mushroom risotto served in red pepper basket

Desserts
Severn Valley Eton Mess served in a brandy snap basket
The famous duo ‘Choco – Loco’ platter with shortbread biscuit
Fresh exotic fruit salad
Baked vanilla cheesecake and summer fruit & orange compote
Cheese Selection includes biscuits, celery and grapes,
homemade Bewdley ale chutney

All main dishes are served with seasoned roast and baby new
potatoes with a seasonal medley of vegetables. All desserts
are served with freshly whipped vanilla cream. Special dietary
requirements can be catered for on request.
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Younger Members’ Section
Visit to North Pole depot, west London
Mark Wilcox
On 7 December 2017, Hitachi Rail
Europe hosted a technical visit
for 20 IRSE Younger Members at
their state-of-the-art North Pole
Train Maintenance Centre (TMC)
in West London.
It was facilitated by Mohammad
Sekanderzada and kindly hosted by
Mark Wilcox (ETCS signalling engineer)
and Ben Helliwell (support engineer).
The event started with a presentation
about Hitachi’s rail businesses in the UK
with a specific focus on the Super Express
Train. This fleet forms part of the wider
Intercity Express Programme and is now
in service with the Great Western Railway
(GWR). It includes the standard UK AWS/
TPWS systems, the legacy BR-ATP system
used on the route and ETCS Baseline 3
onboard system.
This was followed by a tour of the main
maintenance building at North Pole TMC.

The 800003 looking grand in GWR livery.

The depot was originally designed and
built to service the Eurostar trains, but has
now been given a complete overhaul to
equip it with the facilities to maintain the
Super Express Train. There were plenty of
opportunities to ask questions about the
depot operations as well taking a closer
look at the bigger items of kit. Two items
of particular interest included the double
headed wheel lathe, capable of cutting
two axles simultaneously, and the heavy
lifting road, which can lift an entire nine
car train. Several Super Express Trains
were on site, including the nine car bimode train in Virgin Azuma livery. The
first Class 802 test train for the West of
England project was also on site, as well
as the 800003, looking grand in GWR
livery, which recently had the privilege of
hosting Her Majesty the Queen.
Younger Members viewing the undercarriage of the new 9 car bi-mode train
in Virgin Azuma livery.

The group then had the opportunity to
board one of the five car bi-mode GWR
trains, allowing for a ‘behind the scenes’
preview of the driving cab and catering
facilities. Unfortunately there was no
Pullman Dining car on this unit, as it was
being prepared for entry into service,
but there were more opportunities
for photographs. There were a lot of
questions on the bi-mode technology,
which allows the Super Express Train to
switch from on board diesel generators to
25kV overhead electric traction seamlessly
at line speed. Interestingly, this can be
controlled automatically from ETCS
eurobalises installed on the railway.
The event turned out to be a great
success, with very positive feedback from
attendees. The Younger Members wish to
thank Hitachi Rail Europe for facilitating
the interesting visit.

One of the class 800s on the Great
Western Main Line between London
and the West.
Photo Hitachi.
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Industry news
Alstom acquires on-board
connectivity company

Automated people-mover for
Frankfurt airport

[RGI] EUROPE: Alstom announced on
March 6 that it had signed an agreement
to purchase onboard connectivity and
infotainment supplier 21net from the
Innovacom fund and other investors.
The transaction was expected to close
within a month.

GERMANY: Frankfurt Airport operator
Fraport has awarded a consortium
comprised of Siemens, Bögl Group and
Keolis Deutschland a contract to build
a fully automated people mover. The
trains will be equipped with Siemens
Trainguard MT communications-based
train control system, have large doors,
spacious aisle, internet access and a top
speed of 80 km/h.

Founded in 2001, 21net has its
headquarters in the UK and subsidiaries
in Belgium, France, Italy and India.
It employs 50 people and recorded
turnover of €16m (£14m, $20m) in
2017. In 2016 21net won a contract to
provide wi-fi on SNCF’s TGVs, and it
has worked with Alstom to equip the
NTV fleet in Italy. 21net uses multiple
technologies including satellite, cellular
and trackside antennas.
“This new acquisition, one year after that
of Nomad Digital, will reinforce Alstom’s
digital offering and expertise”, said JeanFrançois Beaudoin, Senior Vice-President
for Digital Mobility at Alstom.

Operating 24/7 at two minute headways,
the 5.6 km guideway transit system will
connect Terminal 2 with the multi-billion
dollar Terminal 3, which is currently under
construction, as well as Frankfurt Airport
long-distance station at Terminal 1.
The system, Siemens’ ‘Airval’ turnkey
solution, will have two tracks and three
stations. It will run on rubber tyres, use
a central rail guidance system and be
designed and developed at the German
manufacturer’s competence centre in
Toulouse, France.

In IRSE News next month ...

As well as delivering trackwork equipment,
station platform doors, a communication
system, depot equipment and the power
supply system, Siemens will deliver 12
two-car trains.
The people mover is scheduled to
begin service in 2023, from which point
Siemens will take over the operation
and maintenance of the system for five
years with an option to extend service
for another five years. During peak times,
it is expected to carry more than 4,000
passengers per hour per direction.

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.

So, what did you think?

• French ATP in the UK
• STEM – reaching out to the next generation
• Level crossings – the next generation
and all of our normal news and features.

This May 2018 issue of IRSE News is the first in our new
format. We hope it is clearer, easier to read and a little less
dated than our previous layout. Do you agree? What do you
enjoy about IRSE News, what would you like to see change?
Email us at irsenews@irse.org and let us know.
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Membership changes
Admissions
We have great pleasure in welcoming the following members
newly elected to the Institution:

Companion
van Dongen

L

Dutch Railways

Netherlands

D
B

RATP
Siemens

France
France

SCLE SFE
Siemens
Daido Signal
Metro Trains Melbourne
Daido Signal
Network Rail
Alstom
Network Rail
Daido Signal
MTRC
Daido Signal

France
UK
Japan
Australia
Japan
UK
France
UK
Japan
Hong Kong
Japan

Network Rail
Land Transport Authority
Cyient
Volker Rail
Siemens
SNC-Lavalin
Transnet Freight Rail
Land Transport Authority
Bombardier
Iarnród Éireann
Amey
Aecom
Jacobs
Ove Arup
Transnet
Network Rail
Downer

UK
Singapore
India
UK
UK
UK
South Africa
Singapore
Thailand
Ireland
UK
UK
UK
UK
South Africa
UK
Australia

Fellow
Bonvoisin
Pouchin

Member
Gharios
AEP
Hardy
CL
Hirai
T
Houston McMillan D C
Itoh
S
Midgley
A
Pitz
D
Turvill
AK
Usami
Y
Wai
AH
Yoshitomi
Y

Associate Member
Berridge
A
Chan
P
Gunti
PB
Gurijala
A
Hall
A
Halligan
MJ
Jansen Van Vuuren C
Kok
MHA
Lianghiruntawon P
Lynch
D
Saenthan
S
Sorokin
M
Tallo
R
Timmins
D
Von Abo
C
Watts
EJ
Wong
GWA

Affiliate (contd)
Inamdar
Jacob
Kambale
Killilea
Kothia
Mohamed
Morgan
Natola
Naveesh
Okamoto
Pick
Samse
Sethw Ghani
Thomas
Toms
Wang
Wong
Wong
Wong
Wu
Zanvar

KC
A
A
R
H
M
P
M
J
S
J
A
SH
S
R
X
LH
MFA
MLW
Y
BR

Siemens
Iarnród Éireann
Siemens
Iarnród Éireann
Transport for London
WSP
Iarnród Éireann
Network Rail
Siemens
Daido Signal
Opus International
Siemens
Rapid Rail
Iarnród Éireann
Balfour Beatty
Ansaldo
UGL
MTRC
Network Rail
Network Rail
Siemens

India
Ireland
India
Ireland
UK
UK
Ireland
UK
India
Japan
Australia
India
Malaysia
Ireland
UK
China
Australia
Hong Kong
UK
UK
India

Metro Trains Melbourne
Daido Signal
Amey

Australia
Japan
UK

Transfers
Member to Fellow
Das
Munakata
Sealy

DJ
K
NP

Associate Member to Member
Kakinada
V
Thales
Kouse Abdul Hameed M A Wabtec

UK
Australia

Affiliate to Member
Mahmoud
Srivastava
Walsh

J
AK
R

WSP
Aecom
Iarnród Éireann

Australia
UK
Ireland

Accredited Technician to Associate Member
Bent

WD

Siemens

UK

Affiliate to Associate Member
Accredited Technician
Bandarchi
Rudall

T
C

Siemens
Network Rail

UK
UK

Affiliate
Azad
A
Banala
SK
Barbuta
SH
Bathla
S
Bhuhi
A
Bowerman
MJ
Bray
EN
Chabaoui
A
Chan
A
Chu
YF
Chung
WS
Dhepe
P
Duck
M
Gilbert
TA
Halebeedu Manjunath J

34

Network Rail
Siemens
Network Rail
Siemens
Network Rail
Network Rail
WSP
Siemens
Siemens
MTRC
SNC-Lavalin
Siemens
Alstom
Siemens
Siemens

UK
UK
UK
UK
UK
UK
UK
UK
Australia
Hong Kong
UK
India
UK
UK
India

Ssuuna
Upton

A
K

Siemens
Atkins

UK
UK

Engineering Council registrations
Congratulations to members Ashley J, Feeney M, Ford N, Hoarau A,
Rudall C, Lulek C and Luveniyali M who have achieved final stage EngTech
registration. Also to member Longley C who has achieved final stage
IEng registration and member Robb D who has achieved final stage
CEng registration.

Re-instatements
De Klerk G, Dunham M, Gadenne R L, Mulugeta T and Rigby M S.

Resignations
Hopkins D.

Deaths
It is with great regret that we have to report the death of members
Both D J, Roome M N, Rose J and Wati S.

Current Membership: 5402

