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It’s that time of the year when engineers around the world take the IRSE exam. The 
examination is designed to test candidates’ knowledge of railway train control and 
communications engineering principles and practices. The exam is not just a box-
ticking exercise but is a thorough test of engineering ability. By studying for the exam 
candidates will have not only have learned about their specialist areas to a greater 
depth, but also a broader range of knowledge that will be relevant to their role in the 
profession, and which will allow them to develop further in their career. 
The Institution is very appreciative of members who have organised study groups 

and supported candidates to learn and prepare for the exam, together with the exam 
invigilators and support staff, who are all volunteers.  Without their help, the exam 
would not be the success it is.
Over the forthcoming weeks the examiners, who are also all unpaid volunteers, will 

spend many hours over several weeks marking and assessing candidate’s papers. It 
is a very professional process with a robust system to assess each paper fairly and 
consistently. Early in 2018 it will all start again with the preparation of next year’s 
questions and the time donated by the exam committee is significant, and very much 
appreciated. 
Passing the exam helps engineers to qualify as full (corporate) members of the IRSE 

and for the most deserving candidate the Thorrowgood Scholarship is awarded. This 
will enable them to undertake a short study tour of their choice.  The exam is also a 
qualification that meets the UK Engineering Council requirements for further learning.  
This means that engineers who have passed the exam and have an appropriate Higher 
National award will be eligible to apply for registration at Incorporated Engineer (IEng), 
or with a suitable degree to apply for Chartered Engineer (CEng) level, providing they 
meet the standard required competences.  IRSE NEWS looks forward to publishing the 
results of the 2017 exam when they are available early in 2018.

Paul Darlington, Managing Editor

This month’s front cover shows part of a simulated operators 
screen for the Cologne light rail system, used in the Virtual 
Railway Operations Laboratory at TU Braunschweig . Students 
experience a very high degree of realism as the screens display 
exactly the same information as the screens in the actual control 
centre. Read more about this in our article on page 9.
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HUMAN FACTORS

My love of planes, trains and the psychology 
of human factors
John Barnett

This article is based on a paper presented to the Irish Section 
after their Annual General Meeting on 1 March 2017, at the 
Northern Ireland Railways (NIR) signalling department’s offices 
in Belfast.

This paper is intended to convey my love of planes, trains and 
the psychology of human factors. Planes because I have loved 
them from childhood, trains because working in the industry 
since the 1980s paid the mortgage, and human factors because 
in that branch of psychology I found a common thread between 
the two of them.

While I was at school I applied to both BEA (British European 
Airways, one of the forerunners to British Airways) and the RAF to 
train as a pilot but was told I couldn’t because I wore glasses, and 
at that point I determined that one way or another, at some time 
I would just have to find another way of doing the thing I really 
wanted to do.

In 1972, I graduated as an electrical engineer and began work 
in an oil-fired power station outside Londonderry. Working in 
that industry was great, because you learned about all forms 
of engineering, electrical, mechanical, instrumentation and 
communications. I stayed there for about three years and then 
went through a variety of electrical engineering jobs eventually 
ending up as a signalling engineer with NIR.

Like all transport undertakings, railways are in the safety and 
risk business and unfortunately, NIR had a number of accidents 
and incidents, and it was my duty to assist the enquiry panels 
investigating them. During this time I began to get interested in 
the theory of accidents and the concept of human factors – which 
was a fairly new area of study stimulated in its growth by the 
frequency and severity of railway accidents in the UK during the 
80s and 90s and by a number of aircraft accidents in that period – 
and sadly ever since.

So, what do we mean by ‘human factors’? It is the study of the 
interactions between the human, the task, the equipment and the 
environment to achieve the desired result.
The ‘building block’ model of human factors places the human 

at the centre of an arrangement of five blocks which interlock to 
the central block (figure 1). The other blocks represent

• The hardware used in the process, e.g. the controls.
• The software, i.e. the non-physical elements such as rules and 

procedures.
• The environment, such as temperature or air quality.
• And finally, the ‘liveware’, or the other people involved in the 

process such as managers, or team members.
The S-H-E-L-L diagram demonstrates the interlinking of these 
elements.
Some people have wrongly interpreted this as meaning that 

the human, being in the centre, is key in the process, but this 
isn’t what is intended. The effectiveness of the human in carrying 
out any task is wholly dependent on the fitting together of 
these blocks and it is this successful fitment which manages the 
associated risk. It is not up to the human in the centre alone. So, 
what then is risk?
In 1983, the Royal Society published an important report called 

‘Risk Assessment’, in which it defined risk as the probability that 
a particular adverse event occurs during a stated period of time. 
This, along with the publication of individual risk criteria by the 
Health & Safety Executive, initiated a focus within British Rail on 
critical at-risk groups such as trackside workers and shunters.
There are two further elements to the concept of risk:
• Frequency.
• Consequences.

Thus, a high frequency of occurrence combined with significant 
consequences of occurrence give the greatest level of risk.

Just another day in the office, but how different are human factors for pilots at 39,000ft to those for train 
drivers at high speeds at ground level? Photos Shutterstock/Carlos E Santa Maria/wellphoto.

Independent human factors consultant
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London Underground similarly applied quantified risk 
assessment techniques as an integral part of safety case studies 
for such projects as the Jubilee Line extension. Their purpose in 
these studies was to lower the norm by identifying the areas of 
greatest risk and so improve the safety of their organisations.

So, safety can be defined as the identification and control of 
risk. In coupling risk with safety, it can be said that a system 
is unsafe if the risks are ‘unacceptable’ and safe or very safe 
if the risks are ‘tolerable’ or ‘broadly acceptable’ respectively. 
In rail transport terms, broadly acceptable risk levels have 
been allocated a likelihood of less than 1 in one million whilst 
tolerable risk levels have been placed at less than 1 in 10,000 
for passengers and 1 in 1,000 for employees. Unacceptable risks 
have a rating greater than 1 in 1,000. However, the definitions 
of ‘unacceptable, ‘tolerable’ and broadly acceptable’ risk can 
be highly controversial. What may count as ‘unacceptable’ to 
one individual or institution might be regarded as acceptable 
to another. The acceptability of risk by our individual levels of 
risk-aversive behaviour, our subjective norms and the resources 
available to some individuals to alter their levels of risk exposure.

The model of the risk thermostat, originally devised by Wilde 
(figure 2) provides a useful conceptual tool for understanding 
individual differences in risk-taking. The model is based on the 
idea that:

• Everyone has a propensity to take risks.
• This varies from one person to another.
• It is influenced by potential rewards (or losses) of risk-taking.

(SOFTWARE)
Maintenance data and 

Records

(LIVEWARE)
Management, Customer 

and Government 
Agency

(ENVIRONMENT)
Heat, Light, Noise and 

Vibration

(LIVEWARE)
Certified Mechanics and 

other support staff

(HARDWARE)
Facility, Tools and 

Equipment

Propensity 
to take risks

Perception 
of risks Accidents

Rewards

Balancing 
behaviour

Experience 
filters

Figure 1 – SHELL human factors building blocks.

Figure 2 – Wilde risk thermostat model.

100,000,000 human errors per year?

10,000,000 flight analysis per year

150,000 personnel reports

1000 official incident files

100 major incidents

25 accidents per year

Figure 3 – Accident pyramid.

Individual risk-taking represents a balancing act which is similar 
to the behaviour of a thermostatically controlled system in which 
we all have a different set point. Some people, those displaying 
the trait of extraversion, for example, may like to take part in 
sports perceived as dangerous by others, yet the people taking 
part in them may not be any more likely to have an accident than 
another person sitting at home. The extrovert’s thermostat is set 
at a higher risk level but that level might be appropriate for their 
excitement-seeking characteristic.

Wilde went on to suggest that this risk level is not just the level 
an individual is prepared to accept but becomes a target level 
which the person aims to achieve. This is the basis of what he 
termed Risk Homeostasis. In relation to car-driving for example, if 
the level of risk is less than the driver’s target level, they will find 
a way to increase it by going faster. It has been demonstrated 
as long ago as 1938 that as the braking performance of cars 
improved drivers tended to drive faster and delay their braking 
so their risk target level remains the same. We see the same thing 
with wearing seatbelts; wear your seatbelt and drive faster relying 
on the belt to save you but the risk level of having an accident or 
near accident remains the same.

It has been demonstrated that for every 25 accidents resulting 
in a fatality there are 100 major incidents that preceded them 
and at the top of the triangle 100 million human errors (figure 3). 
It is sadly true to say, “Whenever something goes wrong there 
is always someone who knew it would – and nearly had the 
accident themselves”.

A good way of giving yourself sleepless nights is to ponder 
whether such disasters as the Herald of Free Enterprise ferry, 
Concorde at Paris at Charles de Gaulle airport or the Challenger 
Space Shuttle could have been avoided with a bit more openness 
in declaring previous events and not sweeping this guilty 
knowledge under the carpet.

The world of aviation safety has been shocked in the 
last two years by the tragic event in March 2 2015 when 
Andreas Lubitz, a professional pilot, intentionally flew his Airbus 
into a mountainside in the Alps killing all on board. Casual 
consideration of this event would previously have led us to say 
“Who would do that? Nobody flies their plane wilfully into a 
mountain, he must have been mad” – but in fact his actions are 
not unique. There are at least seven similar occurrences in recent 
years, these being:
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• 1982 Japan airlines 24 deaths.

• 1994 Royal Air Maroc 44 deaths.

• 1997 Silk Air  104 deaths.

• 1999 Air Botswana 1 death.

• 1999 Eygpt Air  217 deaths.

• 2013 LAM  33 deaths.

• 2015 Germanwings 150 deaths.

What makes the Germanwings accident even more tragic is 
that the identification of this person’s neurosis was known about 
beforehand by his doctors and by his company and this tragic 
accident has taken the lid of such examples of ‘guilty knowledge’ 
and emphasised the need for the prior identification of such 
conditions both by the airlines and by the pilots themselves. 
When I became interested in this, the railways in the UK were 
going through a very bad time in terms of accidents with tragic 
loss of life in accidents at Clapham (1988), Southall (1997) and 
Ladbroke Grove (1999). While it was tempting to look at these 
accidents as single cause events in that it took only that one 
event to precipitate them, I believe that the whole management 
structure of the railways had undergone such a change in that era 
that critical skills were lost, not least the skill of management and 
supervision. Again, and again we can see that such changes in an 
organisation, if it is not carefully managed, result in a loss of what 
has been called corporate memory and people taking their eye 
off the ball in doing their jobs.

In Ireland, we can think of the Malahide collapse or in the UK 
where the chief inspector of railways at the Office of Road and 
Rail said in 2015 that “Track faults were not always being fixed in 
the lasting way we would expect”.

In 1991 with the children becoming slightly less of a drain in our 
resources, I decided to complete my studies for my pilot’s licence 
and for the last 25 years I have enjoyed my flying greatly.

All the time that this was happening I was working with NIR as 
infrastructure executive and responsible for a number of exciting 
new railway infrastructure projects. It was during the latter stages 
of one of them, the Antrim-Bleach Green Project that one of 
what you could call, those ‘life-changing events’ occurred. I was 
taking a friend up in the aircraft for a pleasure flight and because 
he had also been involved in the Bleach Green Project I offered 
to take him over the line from Belfast to Antrim. I cleared it with 
air traffic control (ATC) and set off. As we were approaching 
Templepatrick, ATC asked us to take up a southerly course to 
allow an airliner to continue its approach into R25 at Aldergrove. 
We continued south for about 5 minutes and then the controller 
came on the radio and said something like, “We’ll get you back 
to Templepatrick now” at which point I confirmed “understood” 
and immediately turned North to find myself converging on a 
second aircraft following the first on finals. The controller saw 
what was happening on the radar and told us to turn south at 
once. 

What had gone wrong? I considered myself a competent pilot 
with over 300 hours in command but I had misinterpreted an ATC 
communication and taken it to mean a clearance to ‘turn’ when it 
was nothing of the sort! I learned a severe lesson that day – and 
had a difficult telephone call to ATC afterwards where a full and 
frank exchange of views took place. We both recognised that he 
had passed me a non-standard radio message in saying “We’ll 
get you back to Templepatrick now” but equally I should have 
confirmed precisely what I understood by that message instead 
of just saying “understood” and commencing the turn. Ironically, 
had he not passed me that message – by which he intended to 
reassure me that he hadn’t forgotten about us, we would not 

have turned north and the incident would never have taken 
place. It was a human factors classic situation. But that incident 
was probably the event which more than any other caused me 
to embark on my PhD in the School of Psychology at Queens, 
specialising in human factors in air and railway accidents and 
studying the work of gurus of the science like Eric Hollnagel and 
Prof Jim Reason.

For my thesis research, a board member of Manchester 
Metrolink offered me the opportunity of working with Manchester 
Metrolink which had encountered a problem with an alarming 
number of signals passed at danger (SPAD). As we all know 
SPADs had been the cause of a number of very serious accidents 
in UK and there was beginning to be a lot of research into the 
issue. The aviation equivalent is the controlled flight into terrain 
(CFIT) where all the information is presented to a pilot to prevent 
his aircraft flying into high ground but somehow, for some reason 
he does not act on it. In psychological terms, the similarity 
between SPADs and CFITs was striking, all the information 
needed for the train driver or the pilot to avoid accident is there, 
but appropriate crew reaction is missing, again the synergy 
between rail and air. So, mitigation measures to prevent SPADs 
became the theme of my thesis and I completed my doctorate in 
psychology in 2005.

I have already said that transport in all forms is a risk business, 
and, to a degree probably greater than any other form of 
transport, flight is terribly unforgiving of any carelessness, neglect 
or incapacity of person or equipment and that brings us back 
nicely to Professor Reason and his Swiss Cheese model (figure 4). 
Reason postulated that there were two types of accident 
scenarios, organisational and individual. His model of human 
error is based on the concept of the whole transport operation 
being a complex system which can break-down because of 
flawed higher-level decisions which may lie dormant until they 
are coupled with unsafe operating conditions, poorly maintained 
equipment, fatigue or miscommunications – like my example in 
the aircraft. The limitation of Reason’s model is that it can be seen 
to be too theoretical in that it fails to identify the exact location 
of the holes in the cheese. For the model to be useful as an 
analysis tool we need to know where these holes are so that they 
can be identified during an accident investigation or, better still, 
detected and corrected before an accident occurs.

The human factors analysis and classification system (HFACS) 
figure 5, was specifically developed by two workers, Shappell and 
Weigman, to define the latent and active failures of the HFACS 
describes four levels of failure. Organisational Influences, unsafe 
supervision, preconditions for unsafe acts and the unsafe acts 

Hazards

Accident

Some holes due to 
active failures

Other holes due to 
latent conditions

Figure 4 – Professor Reason’s ‘Swiss Cheese’ model.
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themselves. Although it was designed for use in the context of 
military aviation it has been used in civil aviation as well and its 
extension to the rail industry was the basis of my university work.

One of its great strengths is that it will not allow the human error 
to be attributed solely to the pilot, driver or crew. We can’t all 
be brilliant all of the time. There is a very appropriate quotation 
attributed to Prof Groeger, one of the expert witnesses in the 
Ladbroke Grove Inquiry “I think that most of us, in whatever walk 
of life we are in, would be uneasy if we were expected to perform 
at our absolute maximum on every single occasion” it is the 
entire system we must look at.

Going back to the Swiss Cheese model, the holes in the slices 
can be depicted as holes in the different layers of the entire 
system thereby transforming what was once a productive system 
into a failed or broken one.

The first typical slice can be viewed as: Organisational 
influences; where decisions in upper-level management can 
directly affect work practices. Staffing reductions and increased 
pressure on workers in all industries for supposedly economic 
reasons is one example of such management decisions we are 
familiar with.

I rather like the quote attributed to Herb Kelleher the originator 
of the low-cost airline SWA in America, “If the Wright Bros were 
alive today, Wilbur would have to fire Orville to reduce costs.”

The human resource components of railway safety may be 
considered under the following key headings and will have direct 
counterparts in many other industries.

• Selection.
• Training.
• Mentoring.

It has been said in personnel selection: “Hire for attitude, train for 
skill, monitor continuously.”

The key elements in train driver training must be structure, 
consistency and testing. This must cover the fields of rules, 
equipment, route knowledge, and communication. All too 
often however, and this was certainly the case in Manchester 
Metro, the passed-out driver is thereafter left to his own devices 
without even a drivers’ forum to discuss and share experiences 
and problems. This is where bad and even dangerous practices 
can creep in. The rail industry can usefully take a leaf out of 
commercial aviation practice with six-monthly base checks 
and simulator testing and military practice is even more 
rigorous. Most commercial aircraft are operated with two crew 
members and a jump-seat for a third. This makes such checks 
and monitoring easy because there will always be a senior line 
captain present to observe the first officer and there can also be 
a training captain as well to observe the crew as a whole. This 
is not often the case in rail operations, both because of staff 
limitations and accommodation. 

In my work with Metrolink it transpired that their SPAD records 
included the staff number of the driver concerned and these staff 
numbers were issued chronologically, the higher the staff number 
the more recently appointed the driver. I found that a histogram 
of the number of SPADs that each driver had when plotted 
against staff number showed an interesting characteristic. Drivers 
with staff numbers in a limited range 375 to 525 appeared to 
have many more SPADs than the others. These staff numbers 
equated to drivers with start dates in the period June 1997 to 
June 2000. When the histogram was discussed with the training 
department a number of significant issues emerged:

• During that period, the amount of time each trainee driver 
spent on the rails with an instructor was reduced from three 
weeks to two weeks to match the increasing demand for 
drivers at that time.

• Because of a large intake of drivers to accommodate the 
expanding network, the class size was increased from five or 
six to between ten and twelve.

Organisational
influences

Unsafe 
supervision

Preconditions for
unsafe acts

Unsafe acts

Latent failures

Latent failures

Latent failures

Active failures

Failed or absent
defences

Figure 5 – The human factors analysis and classification system (HFACS).
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It is then perhaps not surprising that the plot of such newly 
qualified drivers showed an increased tendency to SPAD. They 
hadn’t received the right training.

As a result of all these findings the periods of driver training and 
class size were standardised at the previous figures and a drivers’ 
forum was introduced.

It is also interesting to record that in the period 1997/98 the 
company was undergoing a transition in its franchise and an 
extension to its network not unlike the changes that took place 
in British Rail a few years previously and which Lord Cullen 
commented on in his Inquiry into the Ladbroke Grove Accident 
in relation to Thames Trains …” there had clearly been a hiatus 
in the management of driver training since the days of British Rail 
and a loss of ‘corporate memory’”. This had caused confusion 
over, and inconsistency within, procedures at the very time when 
a large number of recruits new to the industry needed to be 
trained. 

These indicate the sort of upper-level organisational 
influences that can adversely impact on safety. And it is not just 
management that we should have in mind here but designers 
and engineers as well. As a part of the signalling system in 
Manchester, at certain signals the driver was required to activate 
a button in the driving cab to send a request to the signalling 
system which then checked that all was in order before causing 
the signal to show a proceed aspect, known as a train ready 
to start (TRTS) system. But where was this important button 
positioned? Not in front of the driver where it would have been 
easy to see but on a side panel on his right where his attention, 
head and focus had to be adjusted to find the button (which 
was tiny) and then re-adjusted to confirm that the signal aspect 
in front of him had in fact changed. Not surprisingly there were 
numerous examples of such signals in particular being passed. 
We managed to arrive at a partial solution by increasing the size 
and feel of the activation button and reduced the number of 
SPADs by almost 50% in a period of six months.

In the UK, confidential human factors incident reporting 
programme (CHIRP) – which is the aviation equivalent of our 
railway CIRAS has several reports of inadvertent operation of 
controls and switches in various aircraft types. In one report, a 
pilot inadvertently selected a fuel cock off whilst conducting a 
fuel balancing procedure and caused an engine rundown. The 
CAA and the aircraft manufacturer were notified, the design 
reviewed and subsequently the fuel cocks were colour-coded – 
not all fixes need to be expensive.

Bad engineering design decisions still proliferate. A trivial 
example is in my car where the radio knob and the heater control 
knob are identical and placed just above each other. Frequently 
at night I have reached out to adjust the heater and only 
succeeded in turning the radio off. Humans do not always err, but 
they can be led into errors when things are badly conceived or 
designed.

And on another trivial design issue has anyone tried to hang 
their coats on the dopey little coat hooks on a Virgin Pendolino? 
They may be architecturally pretty but they’re not wide enough 
to accept the loop on the back of a jacket or deep enough to 
retain it. I’m glad to say our own ‘Dublin Enterprise’ ones are far 
more effective, not as pretty but more effective! It’s a question of 
beauty vs utility, form vs function.

Returning to the Swiss Cheese model Reason suggests that 
the second slice could be unsafe supervision. In January 1999, 
a Dart Herald left Luton Airport for a freight flight to Guernsey. 
It had been loaded with palleted freight secured by nets, but 
the weight had been wrongly calculated. This would not have 
been disastrous in itself, it only represented one slice of the 

cheese, but during the flight the restraining nets gave way and 
the pallets in the rear section of the hold moved back and the 
centre of gravity with it. On the visual approach into Guernsey as 
the speed reduced and the flaps were lowered the neutral point 
of the wing moved forward and was now ahead of the centre 
of gravity. More and more nose down elevator was required to 
counteract this ever-increasing nose-high attitude and eventually 
the aircraft ran out of elevator authority. The aircraft stalled and 
crashed a few miles short of the runway with the death of the 
two crew. Unsafe supervision by those in charge of the loading, 
and inadequate checking by the crew resulted in the loss of the 
aircraft and flight crew.

Even the most prestigious projects can suffer from failures in 
supervision. You will have heard of the Large Hadron Collider 
operated by the European Organisation for Nuclear Research at 
CERN outside Geneva designed to simulate the Big Bang and 
reveal how the world was created. Well, as you may remember, 
on 19 September 2008, when the current was being ramped 
up in the main superconducting circuit there was a massive 
explosion. Thankfully no-one was injured but the damage was 
so serious that it took six years to correct. What had caused this 
embarrassing failure?

Nothing more sophisticated than a number of faulty spliced 
and soldered joints made by one of the contractors in the 
superconducting cable and inadequately inspected by CERN 
themselves. It is believed that the failures in the joints were 
produced either by the contractor omitting the tin/silver alloy 
soldering material or else that no actual heating was applied 
to melt the solder. Only the compression force applied during 
the connection was holding the cables together and this was 
largely lost when the massive current of 9kA flowed. The series 
of high resistance joints resulted in thermal runaway which 
blew the pipework apart and destroyed more than 700m of the 
installation, a very expensive lesson in the criticality of good 
supervision.

Predictably if an individual is mentally tired, the likelihood of an 
error increases. It is well recognised that performance degrades 
and errors, particularly decision errors, increase between 10pm 
and 6am for most individuals (figure 6). Similarly, over-confidence, 
arrogance or impulsivity will influence the likelihood that an error 
or violation will be committed. Perhaps the most tragic and most 
devastating example in this category was the accident at Tenerife 
when a KLM 747 rolled for take-off without clearance and sliced 
into a taxying Pan Am 747 still on the runway. It is difficult for 
most people to understand how the KLM commander, one of the 
most experienced in the fleet, could make such an error but the 
preconditions were there. 
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The Dutch crew had been on duty for almost 9.5 hours before 
being diverted into an unfamiliar airport and pressure to get 
home before they exceeded the limit of their duty day was 
extreme. A gap in the drifting low cloud seemed to provide 
an opportunity to get away and confusion on the part of the 
KLM crew between the airways clearance and clearance to 
take off led directly to the disaster in which 583 people were 
killed. It is perhaps the greatest example of the lack of what has 
become known as crew resource management (CRM) where 
the crew should be acting in unison and checking each other’s 
performance and action. The First Officer on that flight may 
well have been over-awed by the supposed skill and prestige 
of his commander – so much so that he failed to question his 
actions until it was too late. CRM initially developed by Delta has 
now become recognised as a vital safety feature in all aviation 
as has the existence of the optimum authority gradient which 
allows effective interface between pilots in the flight deck. The 
gradient may be too flat, such as with two equally qualified pilots 
occupying the two seats or too steep with a dominating chief 
pilot and unassertive first officer as in this case.

In the last two years, the Royal Aeronautical Society has provided 
guidance to aircrew who might otherwise feel unable to question 
their commanders’ actions and have suggested that under those 
circumstances saying “Captain, I am not comfortable with this 
decision”, will cause the commander to think twice without 
seeming to be insolent or threatening – which could be career 
limiting.

Finally, we come to the unsafe acts themselves.

These are typically errors or violations. In the railway system 
with which I was involved in Manchester a train driver was 
having an intermittent problem with the windscreen wipers of 
his locomotive. He had just left a station when it started to rain 
heavily and the wipers stopped for good. The driver advised the 
railway’s control office by radio and an experienced controller 
helpfully advised the driver to check a circuit breaker located on 
the panel behind him. He turned around to the panel just as he 
was approaching a signal which was displaying a red aspect and 
immediately went past the signal resulting in a SPAD. In this case, 
the consequences were slight but the potential of risk was great. 
Both the driver and controller had lost situational awareness, the 
driver in forgetting that his primary task was to drive the train 
and obey signals – not repair faults when on the move, and the 
controller in not ensuring that his helpfulness was not going to 
cause the driver to confuse the important with the (seemingly) 
urgent.

In aviation, it might be imagined that skill-based errors such 
as poor flying technique or inappropriate use of flight controls 
should be largely overcome by the increased use of automation 
and fly by wire controls. Sadly, this is not the case. There 
have been over 40 civil aviation accidents between 1999 and 
2016 resulting in more than 2500 fatalities attributed to the 
phenomenon of ‘loss of control at high level’. There are several 
reasons why these events have occurred; flight control problems, 
environmental dangers, equipment failure and pilot inattention. 
But a number of loss-of-control accidents in that period focused 
attention on the seriousness of the problem; all involved perfectly 
serviceable aircraft, all were recoverable; all resulted in multiple 
fatalities; but most importantly, all demonstrated an inability 
on the part of the flight crew to demonstrate a high level of 
situational awareness and an intuitive understanding of what the 
aircraft is doing, particularly in the stalled condition. Pilots were 
out of practice when systems failed or they had to revert to flying 
in marginal conditions and the so-called ‘glass cockpit” leads 
to new failure modes. Where everything is integrated into one 
display window, failure assessment is difficult and failure modes 
were frequently not anticipated by designers (QANTAS).

Whilst stall recovery is a basic exercise in every flying course 
from private pilot license upwards, research indicates that 
most airline pilots rarely experience aeroplane upsets during 
their later flying careers. Technology offers little assistance 
with the challenges inherent in flight upset. Simulators are 
not designed to emulate it and in an era when regulators and 
airline management encourage crews to utilise auto-throttle and 
autopilot and other sophisticated flight aids to the maximum 
degree possible to save fuel and time, pilots are facing a 
situation where a flight upset can result in disconnection of 
those very systems. Faced with such a challenge the crew whose 
individual flight skills might have deteriorated due to reliance on 
automation, then must deal promptly with a flight situation which 
they have not either prepared for or been prepared for.

As a recent example of this I want to look at the circumstances 
of an accident which took place on February 12, 2009, involving 
a Bombardier Q400 operated by Colgan Air, Inc which crashed 
about five miles northeast of Buffalo International Airport in 
upstate New York, while on an instrument landing system 
approach. During this normal manoeuvre, both the stick shaker 
and stick pusher, technological systems designed to warn of 
an impending stall, were activated but the speed was allowed 
to decrease further. After further pitch and roll excursions, the 
airplane entered a steep descent from which it did not recover.

An animation from the National Transport and Safety Board 
in Washington is available which shows exerts from the flight 
data recorder (FDR), the cockpit voice recorder (CVR) transcript, 
recorded radar data and aircraft performance data. It does not 
depict the weather or visibility conditions at the time of the 
accident. The animation does not include audio but a transcript 
of the exchanges is in the text.

The upper portion of the animation shows a 3-D model of 
the airplane and the airplane’s motions during the accident 
sequence. In this area, selected content from the CVR transcript 
or other annotations are superimposed as text at the time that 
the event occurred. All times (in eastern standard time) are shown 
on the right side of the screen.

The lower portion of the animation depicts instruments and 
indicators, which display selected FDR or calculated parameters. 
The instruments and indications are shown in three sections, 
which are (from left to right).

• Airspeed, airspeed tape, low speed cue, attitude indicator 
showing pitch and roll attitude, altitude, altitude tape, rate of 
climb and heading.

• Stick shaker and stick pusher indicated as text, control wheel/
column icon depicting the control wheel (rotating right or 
left) and control column (moving up or down) inputs and an 
indicator showing rudder pedal inputs; and

• The power lever and condition lever as indicators, the flap 
handle selection as an indicator, and auto pilot status and 
gear handle position indicated as text.

Now nothing happens in isolation. With the benefit of hindsight, 
we can see that the flight crew on that occasion did not respond 
to the situation in the way it should. But, as pointed out by 
Captain Sully Sullenberger who successfully ditched his US 
Airways A320 in the Hudson one month before this accident, the 
financial and cultural aspects also need to be considered. 

For example, the first officer on the Colgan flight was earning 
$16,500 per year. She had 250 hours after gaining her license. 
She was living on the West Coast of America and commuting 
to her base on the East Coast because she couldn’t afford an 
apartment or a hotel room where she was based. She expressed 
concerns she was becoming ill and was anxious to continue the 
trip to get a company provided hotel room at the end of the 
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day, because she couldn’t afford to call in sick and buy her own 
hotel room. The commander had also flown up from his home 
in Florida the day of the accident, he had limited experience in 
stall recovery and stick-shaker techniques. Do we blame them for 
the accident? I suggest not in isolation; we need to consider the 
organisational influences that put them in this situation in the first 
place. Everything is accomplished by team work until something 
goes wrong then the person at the sharp end gets all the blame. 
When things go wrong we need to ask not “who screwed-up?” 
but what defences failed?

Today’s digital systems can, if we are not careful, result in a loss 
of the mental and physical interactivity with the equipment. Pilots 
and perhaps train drivers may simply become passive monitors 
of increasingly complex systems, which they do not understand 
because nobody thought they needed to.

Last year I had changed my car because the previous one 
was costing more to put it through the annual test than it 
was worth. The car I got was fitted with ‘cruise control’, the 
first time I had experienced it. A great system no doubt, but 
this was a dangerous one as well. Suppose you are driving at 
60mph (96km/h) with cruise control engaged. You accelerate to 
overtake a vehicle. With the manoeuvre completed you then see 
something ahead of you which will require you to reduce speed, 
you ease off the accelerator. Some cruise control systems switch 
off when the accelerator is pressed, but with this type the car 
reduces speed until it senses 60mph again at which point the 
engine speeds up to deliver the appropriate amount of power 
again, and with the cruise control still engaged. But the situation 
ahead is much closer because the cruise control is dictating the 
speed, and the driver is now travelling at a much faster speed 
than they wished. They have a reduced time period to take action 
and have to brake much harder that would have been necessary 

without cruise control. One of the research topics I am working 
on at the moment is the effect that cruise control is having on 
road accident statistics.

Is technology a good thing? the answer must be - not always.

In conclusion, we ought to be concerned that the world of 
transport has exhausted the advances by the technology of 
fly-by-wire or TPWS (the UK’s train protection warning system) 
and safety management strategies such as SPAD awareness 
campaigns, and as safety professionals we need to keep the 
systems for which we are responsible under review and we need 
new ideas. In UK railways, there has been a steady reduction in 
SPAD numbers between 2002 and 2009 but improvement seems 
to have stopped and numbers are rising again.

In aviation, more attention to recovery from unusual attitudes 
for larger aircraft operating without a visual reference is needed. 
Recent aircraft accidents seem to indicate often a perfectly 
serviceable aircraft can be lost because either the crew forgot (or 
had never known) how to fly their aircraft in anything other than 
optimum conditions. 

The challenge for the next decade is therefore - no matter what 
else happens-fly the aircraft, drive the train.

Perhaps there is a lesson from this statement that we can all 
usually apply in everything that we do in life whether it is to do 
with transport or not. Sort out the urgent (i.e. the things other 
people would seek to impose on us) from the important and at 
all times concentrate on the important.

And remember - truly superior pilots are those who use their 
superior judgement to avoid those situations where they might 
have to use their superior skills.

Last year the UK Railway industry hosted its first Rail Week. 
This was the first ever nationwide week of dedicated activities 
intended to help address the skills gap in the rail industry and 
inspire a generation of young people to consider a career in the 
rail sector. This was a resounding success with over 157 events, 
more than 70 companies and organisations involved and many 
ambassadors going into schools during the week. A video from 
2016 is on the Rail Week website: www.railweek.com.

Due to the success of Rail Week 2016, then it is back again, 
this year from Monday 9 to Sunday 15 October 2017. The week 
of rail-related activity will include a plethora of events, visits and 
talks to promote careers in our great industry.

The Rail Week campaign is again being managed by Young 
Rail Professionals (YRP), www.youngrailpro.com, but needs 
organisations across the rail industry to get involved. 

The week has the support of a number of organisations in 
the UK, including Rail Supply Group, National Skills Academy 
for Rail, the Railway Industry Association, Rail Alliance, and 
High Speed Rail Industry Leaders. The professional institutions, 
including the IRSE, are also supporting the week. As part of 
Rail Week we will see companies hosting tours of their depots, 
labs, stations and project sites. There will also be conferences, 
evening lectures, visits to schools, colleges and universities. 
Many companies already have outreach engagement with 
schools, Rail Week is a great opportunity to get these 
volunteers into schools and to promote rail further.

For more information on Rail Week, events that are taking 
place or becoming a YRP Ambassador visit www.railweek.com 
or email hello@railweek.com. You can follow Rail Week on 
Twitter and tweet your support for the campaign (@railweek).

http://www.railweek.com
http://www.youngrailpro.com
http://www.railweek.com
mailto:hello%40railweek.com?subject=
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the Virtual Railway Operations Laboratory at 
tU Braunschweig
Jörn Pachl
Professor, Institute of Railway Systems Engineering and Traffic Safety,  
Technical University of Braunschweig, Germany

Railway education at tU Braunschweig
At TU Braunschweig, the University of Technology at 
Braunschweig, Germany, railway education has a long tradition. 
The first professorial chair for transportation and railway 
engineering was established in 1925. The lecture program of 
that chair already included railway signalling issues. In 1951, a 
railway institute was founded that covered railway construction, 
operation, and signalling. 

Today, railway education at TU Braunschweig is provided by 
two institutes that belong to the Faculty of Architecture, Civil 
Engineering, and Environmental Sciences. Although not directly 
expressed by the name, that faculty also covers transportation 
engineering. The Institute of Transportation, Railway Construction 
and Operation (IVE), which is headed by Professor Thomas 
Siefer, concentrates on civil engineering aspects, route 
planning, and infrastructure capacity. The Institute of Railway 
Systems Engineering and Traffic Safety (IfEV), which is headed 
by Professor Jörn Pachl, works mainly in the areas of railway 
operation and signalling but also covers track alignment. While 
the term ‘Traffic Safety’ in the institute’s name sounds rather 
generic, the IfEV is today a pure railway institute. 

Railway lectures are offered for students of Transportation 
Engineering, Civil Engineering, and Business Engineering. 
Since students from these study programs do not have much 
background in electronics and software, the signalling lectures 
concentrate on signalling principles, i.e., block and interlocking 
control logic and related operating rules. Although hardware and 
software development is not covered, graduates would often 
start a career in the signalling industry. From the feedback of 
signalling manufacturers, the profound knowledge provided on 
the operational background of signalling is extremely valuable.

Most of the content about railway operation and signalling is 
part of the Master program, but some basic railway knowledge 
is provided for undergraduate students. In the Master modules, 
there is a big proportion of international students, most of them 
from China. 

the idea behind the laboratory
While the teaching program consists of modules covering 
different aspects of railway operation and control, e.g., 
scheduling, operational capacity, operating rules, signalling 
principles, all of these aspects are connected to each other in 
a very complex way. When teaching railway sciences, it is a key 
challenge to present these highly complex interconnections 
in a vivid and understandable way. Here, traditional classroom 
lectures have their limits. A solution that has been successfully 
used for decades is to run training sessions in railway operations 
laboratories. In such a laboratory, a railway network is 
represented by a model railway layout but controlled by real user 
interfaces. 

Since such a layout does not exist at TU Braunschweig, 
laboratories at other universities are used on a regular basis. 
To better meet the increasing demand for laboratory sessions, 
the idea was born to establish a Virtual Railway Operations 
Laboratory (V-EBL) at TU Braunschweig. In contrast to a 

traditional railway operations laboratory, there is no model 
railway layout. Instead, train moves are simulated by a computer 
in a virtual network controlled by user interfaces of the same type 
used on real railways. Since train moves cannot be watched on a 
physical model, all kinds of control systems can be used that are 
equipped with continuous line clear detection and an automatic 
block system. They can be operated by either relay panels 
(simulated on computer screens) or electronic control consoles as 
used in operation control centres.

Since there is no physical model of the infrastructure, the 
network layout can easily be changed. Today, three different 
virtual networks are used:

• A fictitious German national network controlled by 
traditional German relay panels.

• A British network based on a real infrastructure and 
controlled by Network Rail’s IECC user interfaces.

• The underground part of the Cologne Light Rail network 
controlled by the user interfaces as used in the control 
centre of the Cologne transit authority.

The laboratory network consists of five train controller 
workstations, among them four student workstations and one 
supervisory workstation. The workstations are located in separate 
cubicles but connected to each other by IP interfaces (figure 1). 
To reduce the effort for local training, the control districts of the 
operators are much smaller than in a real control centre. The 
control districts of the four student operators form a common 
network with trains running from district to district. Interfaces 
provide the transmission of train descriptions and block control 
information. At the interfaces to the ‘outer world’, arriving trains 
are created by the simulation, and trains leaving the network 
are deleted. The simulation also provides train descriptions and 
block control information at these interfaces. 

Since the operators work in separated cubicles, they may act 
as if working at different locations. In such a laboratory session, 
verbal communication has to be made by telephone. It is also 
possible to run sessions in which the operators are allowed to 

Figure 1 – Student working on a train control workstation.
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Figure 2 – Overview of the simulated network.

Figure 3 – Track layout of the Rebenau control area.

walk around and talk to each other, so they may act as if working in the same 
control centre. The screens of the supervisory workstation show an overview 
track chart of the entire network. This workstation is mainly used as the trainer 
workplace in student training sessions but may also be used as a dispatcher 
workstation in sessions that require a separate person for traffic regulation. 

The latest addition is a locomotive cab simulator based on the real cab of a 
former DB locomotive. The cab simulator is not yet connected to the network 
simulation but has its own infrastructure model. 

characteristics of the simulated national network
The fictitious network consists of an electrified main route with about 
30 route-km of double lines, and non-electrified branches with another 
30 route-km of single lines (figure 2). Since between Rebenau and Schleinitz, 
trains can use either the double or the single line route, controllers may decide 
to reroute trains over one route or the other in case of operational problems. 
The track layouts of the control districts are kept rather small but with the 
intention of allowing demonstration of specific signalling features to be found 
in German interlocking and block systems. So, the following signalling features 
can be demonstrated:

• Centralised and decentralised automatic block lines.
• Intermediate interlocking signals.
• Complex flank protection arrangements (remote flank protection, flank 

transfer points, selective protective points, overlapping flank areas, 
routes crossing through flank areas).

• Selective overlap length.
• Single slips requiring a special control logic in German interlockings.
• Intermediate points.
• Platform section protection signals.

As an example, figure 3 shows the track layout of Rebenau, which is the 
main station area of the network. In particular, the track layout on the 
right hand side (top of diagram opposite) was designed to make the flank 
protection situation as complicated as possible with just a low number of 
points and crossings. While that design would obviously not be a very cost 
effective solution for real infrastructure, it is perfect to demonstrate complex 
interlocking functions on a rather simple layout. 

The laboratory software is based on a customised version of the signalling 
simulation software of the Canadian software company Signalsoft Rail 
Consultancy Ltd from Lucan, Ontario, (www.signalsimulation.com). Today, 
the entire layout is controlled by simulated push-button panels of the German 
relay interlocking type SpDrS60. The panels are displayed on a computer 
screen and operated by clicking on the push buttons (figure 4). While the 
interface seems to look a bit old fashioned, it is sufficient to demonstrate 
signalling principles. On the dispatcher’s workstation, there is also an overview 
track chart showing the entire network. Beside the network mode, the local 
workstations can also run offline simulations in a stand-alone mode. This is 
used for specific demonstrations in lecture-style sessions. 

http://www.signalsimulation.com
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In the near future, the simulated relay panels will be replaced 
by a more advanced user interface. That interface, which is now 
being developed in cooperation with Signalsoft, will differ from 
the user interfaces currently used in DB control centres. The 
actual DB user interfaces have shortcomings that are caused by 
the fact that the design was developed in the 1980s and has 
not changed much since then. So, it does not meet modern 
requirements of how to design user interfaces. 

One issue is the use of colour. As typical for user interfaces 
developed in the 1980s, colours are used too intensely. On a 
state-of-the-art user interface, colours should be used to attract 
attention, but the basic layout should be displayed in grey scales. 
The ETCS driver interface is a typical example meeting this 
requirement. Also, the signaller’s user interfaces used in British 
control centres are very close to that concept. In contrast to this, 
on DB control screens, the track layout in normal state, i.e., all 
tracks clear and no routes set up, is displayed in bright yellow. 
When trains appear or routes are lined up, colours do not appear 
but just change. A specific problem is the quite bad colour 
contrast between yellow (indicating a clear track) and light green 
(indicating a main route). People with a slightly limited ability in 
colour perception often have difficulties distinguishing yellow 
from light green correctly. Real train controllers have to pass 
comprehensive medical tests to make sure they do not have that 
problem. Of course, this cannot be required for students, since 
about 10% of the population has some degree of a distorted 
colour perception. For that reason, we will use a colour scheme 
that will allow people with a slightly distorted colour perception 
to operate the control interface without problems. 

Since our students are not trained to become train controllers 
but to get a deeper understanding of the internal working of the 
interlocking, we have some special requirements for the user 
interface. For teaching signalling principles, it is very valuable not 
just to indicate which elements are currently locked but also to 
indicate the reason why these elements are locked. The list below 
gives an overview of the basic colours we intend to use for track 
elements.

Grey: Normal state, track not occupied.
Flashing grey: Points being moved .
Red: Track occupied.

Blue: Element locked for a route as long as the locking can 
still be cancelled. In the German interlocking rules, this 
applies to shunt routes and to main routes before full route 
locking has come into effect.
White: Element locked for a main route (full route locking in 
effect). When a main route is lined up, locked elements will 
initially appear in blue and switch to white when full route 
locking has come into effect.
Yellow: Element locked for an overlap.
Orange: Element locked for flank protection.

The point identities are normally displayed in white but switch 
to blue when the points are locked for a route or an overlap. 

That colour concept adopts principles to be found on several 
railways worldwide. On most railways, occupied tracks are 
displayed in red. The only well known exception are the Dutch 
railways that display occupied tracks in yellow. White for locked 
routes is used in the UK and also in China and some other 
countries. Blue is used by many railways for shunt routes, in 
particular on Continental Europe. In the Swiss ILTIS system, a 
blue locking indicator is used to mark locked points in a route. 
The orange and yellow colour was also adopted from the ILTIS 
system, where flank locking is marked orange, and locked 
overlaps have a yellow overlap indicator.

Figure 5 shows part of an experimental user interface, which is 
currently used to test the colour concept. This is not yet the final 
design, however.

The timetable for the entire network was designed by the 
scheduling software FBS (“Fahrplanbearbeitungssystem”, 
translation: timetable design system), which is a commercial rail 
traffic planning tool from iRFP (www.irfp.de) used by several 
railways worldwide. Figure 6 shows a extract of the traffic 
diagram of the main double line route created by FBS.

According to German practice, the time axis of the diagram 
points downward. FBS also allows for a switch to a horizontal time 
axis as used in many other countries. Via a RailML data interface, 
a timetable designed by FBS can be imported into the simulation 
system. Before the simulation can be run, shunting moves that 
are not yet part of the timetable, must be added manually. So, 
the laboratory network can also be used for teaching timetable 
issues. Students would establish timetables by FBS under given 
constraints and then meet for a laboratory session to experience 

Figure 4 – Traditional control panels simulated on computer screens.

http://www.irfp.de
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their timetables from a signaller’s viewpoint. By taking the 
role of a signaller, the students often recognise some of the 
shortcomings of their timetables that they had not seen when 
establishing the timetable using the scheduling software. This 
is a very efficient way to get a profound understanding of the 
interconnections between timetabling, infrastructure capacity, 
signalling, and train control. 

 International education
Between the national railway systems, signalling principles and 
operating rules differ significantly. In a university railway program 
with students from many countries, it hardly makes sense to 
teach the national rail system to the very last detail but to 
ignore principles found in other countries. For that reason, some 
years ago, we started a new module on international railway 
operation. The module was designed for students who are 
already familiar with the German system and would like to learn 
more about foreign principles. The content of this module covers 
the following aspects concerning the key differences from the 
principles used on German railways:

• Basic terms and definitions.
• Block principles.
• Interlocking principles.
• Signal aspects.
• ATP systems.

As a use case to explain a specific foreign system more in detail, 
British signalling is used. Part of the module are laboratory 
sessions on a simulated British network controlled by IECC user 
interfaces. This is done by the simulation software SimSig, which 
is actually sold as a computer game but provides a just slightly 
simplified version of a real IECC control interface  
(www.simsig.co.uk). The software company that makes SimSig 
granted TU Braunschweig the right to use SimSig for non-
profit teaching. It has turned out to be a very productive tool 
to demonstrate key differences between British and German 
signalling and operating principles. Figure 1 on the first page 
of this article shows a student working on a workstation with an 
IECC interface.

Figure 5 – Display of a main route with overlap and flank 
protection on the experimental user interface. The design is still at 
an early stage and will be subject of changes.

Figure 6 – Extract of a traffic diagram for the main double line 
route created with FBS.

http://www.simsig.co.uk
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Light rail signalling simulator
While the railway teaching at TU Braunschweig mainly 
concentrates on standard railways, i.e., the national rail 
system, light rail signalling is also an issue. There are specific 
lectures dedicated to light rail signalling and operation that are 
accompanied by laboratory sessions. For the light rail laboratory 
sessions, Siemens provided a simulation of the underground 
lines of the Cologne light rail system, which is operated by the 
Cologne Transit Authority (Kölner Verkehrsbetriebe - KVB). While 
the KVB overground lines run in tram mode, the underground 
lines are signal controlled. Some control areas are controlled by 
electronic SICAS interlockings, while other areas still have relay 
interlockings of the DrS-U type. In the KVB control centre, both 
kinds of interlockings are controlled from a VICOS control system. 
The simulation was implemented in the software Bahnsim which 
is a Siemens product. Bahnsim provides a microscopic simulation 
of the train moves and the interlocking functions under real-time 
constraints. This allows the control of the simulation by the real 
VICOS interfaces. So, the students experience a very high degree 
of realism, since their control interfaces look exactly like the 
control screens in the KVB control centre (figure 7).

Locomotive cab simulator
Two years after the successful launch of the network simulator, 
a locomotive cab simulator was added. The driver’s desk, the 
control appliances, and the driver’s seat are refurbished pieces 
from a scrapped DB locomotive. This way, the cab interior looks 
very realistic. The simulation software was delivered by Carsten 
Hölscher, a Braunschweig-based manufacturer of cab simulations 
approved for professional driver training (irse.info/olr1p). The 
cab simulator is still used as a stand-alone system separated 
from the network simulation. To experience locomotive driving, 
two virtual networks are available. One is a fictitious German 
infrastructure that allows trains to run either controlled by lineside 
signals or cab signalling. In the part of the network equipped with 
lineside signals, the following signalling systems are available:

• HV signals, which is the traditional German system used in 
the Western part of the country.

• Hl signals, which is the traditional German system used 
in the Eastern part of the country based on the OSJD 
principles.

• Ks signals, which is the new system introduced after the 
reunification of the country and used in all new installations 
since the 1990s.

All lineside signals are equipped with an intermittent inductive 
ATP system of the German standard type PZB 90. On the part of 
the network equipped with cab signalling, train control can be 
switched between LZB, which is the traditional German loop-
based continuous ATP system, and ETCS level 2 (figure 8). 

Beside that fictitious German network, an Austrian route 
is available that is not fictitious but represents a piece of 

Figure 7 – Part of the VICOS screen for the Cologne light rail 
simulation.

Figure 8 –Student driving a train on the cab simulator on a line 
equipped with ETCS level 2.

http://irse.info/olr1p


IRSE NEWS |  ISSUE 237  |  OctOBER 201714

TEACHING AIDS
infrastructure that exists in reality. On individual sections, that 
route is equipped with four different ATP systems:

• The intermittent inductive ATP system of the PZB 90 type.
• The LZB system.
• ETCS Level 1 in Full Supervision (FS) mode.
• ETCS Level 2.

The entire route is also equipped with lineside signals of the 
Austrian standard system. On sections where trains are normally 
governed by cab signalling, these lineside signals provide a 
very convenient fall-back level. That route is mainly used to 
demonstrate transitions between ETCS and traditional ATP 
systems, and between different ETCS levels from the viewpoint of 
the train driver. This is a very valuable add-on to lectures on ETCS 
and ATP systems.

For the future, it is planned to connect the cab simulator to 
the network simulation. The intention is to control one of the 
virtual trains by a human driver. It will take some time to make 
that happen, however. The data interface between the two 
simulation systems is quite a challenge not only because of 
different database structures but also the requirement to get the 
two simulations to run simultaneously. Also, it’s quite an effort to 
create the 3D data model for the entire network.

Research activities
The implementation of the virtual railway operations laboratory 
was mainly driven by the intention to use it for teaching. This has 
been a great success; the laboratory has turned out to be a very 
valuable and efficient teaching facility. In the meantime, both the 
network simulation and the locomotive cab simulator have also 

been used several times as a research tool for research projects 
on man-machine interaction in control centres and locomotive 
cabs. In recent years, there were research projects on the 
following subjects:

• The significance of situational awareness at train controller 
workstations in control centres.

• The role of route knowledge for safe and efficient train 
driving.

• Evaluation of different colour designs for train controller 
screen displays from the viewpoint of user experience and 
operator efficiency.

The key research method for such human factor related subjects 
is to run experimental sessions with human operators. During 
the sessions, all user action is automatically recorded for later 
evaluation. Control action on keyboards, buttons, or levers can 
easily be recorded by the software. For mouse action on screens, 
a mouse tracker runs in the background of an operating session. 
As an example, figure 9 shows the Rebenau control panel in 
which a characteristic area is marked to demonstrate the mouse 
tracking results. While the mouse tracking was recorded for 
the entire control area, this cut out provides a more convenient 
diagram for use in illustrations. Figure 10 shows the mouse 
tracking results for two users with different levels of training. 
The thin lines represent the mouse traces, and the coloured 
bubbles the dwell points. The dwell time of the mouse pointer 
is represented both by the size (i.e., the area) of the colour-filled 
bubbles and the diameter of the larger circles displayed as thin 
lines around the bubbles. Since the outer circles grow much 
faster than the coloured bubbles, they are helpful to detect very 
fast mouse actions.

Figure 9 – Rebenau panel showing mouse tracking area.

Figure 10 – Mouse tracking results for area shown in figure 9.
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Another tool to record user action is eye tracking. For this, the 
user has to wear a headset that detects the pupil movement. 
To calibrate the system, specific icons are placed around the 
workplace. In figure 8, these icons are to be seen on the cab 
simulator (without the driver wearing the headset). Eye tracking is 
mainly, but not exclusively, used on the cab simulator. It allows us 
to investigate the perception of signal aspects by the driver and 
how the controls and various displays on the driver’s desk would 
distract the driver from watching the line ahead. 

Beside tracking the user activities, we also evaluate the user 
experience. The user experience often depends on emotional 
factors that cannot be measured or calculated. For this, we use 
survey forms the students complete after a session. The forms are 
designed to allow us to evaluate the user experience by statistical 
analysis. 

conclusions and future prospects
Since the implementation in 2010, the Virtual Railway Operations 
Laboratory has been developed into the main teaching and 
research resource at the Institute of Railway Systems Engineering 
and Traffic Safety. It is a very efficient add-on to the lecture 
classes. It has even allowed us to reduce the number of lecture 
hours by providing knowledge in laboratory session. The 
feedback from students is extremely positive, sometimes they 
even ask for additional laboratory sessions on a voluntary basis. 
The laboratory also offers interesting possibilities for research. As 
a university facility, the laboratory is open for cooperation with 
external partners. Beside vocational training, research projects 
are also possible. In particular, the laboratory provides a very 
resourceful platform for human factors research in control centres 
and locomotive cabs. 

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.

UK Rail Research and Innovation Network 
awarded funding

[RGI] UK: A partnership of rail industry suppliers and eight 
universities has been awarded public funding towards a £92m 
programme aimed at establishing a world-leading centre of 
railway excellence. 

The Higher Education Funding Council for England is 
contributing £28.1m (€32m, $37m) from the UK Research 
Partnership Investment Fund (UKRPIF) to support the newly-
created UK Railway Research & Innovation Network, augmenting 
£64m (€73m, $84m) pledged by 17 industrial partners. 

According to the consortium, the UKRPIF funding will help to 
create three linked centres of excellence, forming the “research 
heart of UKRRIN”. Aligned with the UK government’s industrial 
strategy, the three centres will also support delivery of the cross-
industry Railway Technical Strategy.

The Digital Systems centre at the University of Birmingham will 
focus on railway control and simulation, data integration and 
cybersecurity, condition monitoring and sensing, and improved 
methods for technology introduction.

The Rolling Stock centre will be led by the University of 
Huddersfield in collaboration with the universities of Newcastle 
and Loughborough. This will focus on high value systems, whole 
life asset optimisation and energy management. 

The Infrastructure centre will be led by the University of 
Southampton in collaboration with Sheffield, Loughborough, 
Nottingham and Heriot-Watt universities.

As well as Alstom, Bombardier and Siemens, the industrial 
partners supporting the programme over a 10-year period 

New Victoria Line timetable means a train 
every 100 seconds

UK: London Underground (LU) introduced a new timetable on 
the Victoria line on 22 May 2017 which means passengers will 
benefit from a train every 100 seconds during rush hour. This will 
make the Victoria line one of the most intensive metro services 
anywhere in the world.

With 36 trains per hour running along the entire line during 
peak times, an extra 3,000 passengers will be able to travel every 
hour during the busiest times of the day.

Mark Wild, Managing Director of LU, said: “We’re running more 
trains than ever before, with the most frequent train service in 
the country and one of the most frequent anywhere in the world. 
This will make a real difference to our customers, creating more 
capacity and making stations and train services less crowded. 
We’re also making more of our stations step-free as part of 
our huge investment in making London Underground more 
accessible.”

Rob Morris, Director of Operations, Siemens Rail Automation 
UK, said: “Following our work on the initial Victoria Line Upgrade 
project which was completed in 2012, we are delighted to have 
completed the programme and to have contributed to the safe 
delivery of a truly world-class service for London.”

INDUSTRY NEWS
include IBM, Unipart Rail, SMRT, British Steel, Thales, Hitachi, 
AECOM, Aggregate Industries, Atkins, Pandrol and Progress 
Rail. The initiative is also supported by a range of industry 
stakeholders including RSSB, Network Rail, HS2 Ltd, Transport for 
London, Rail North and the Department for Transport. 

Darren Caplan, Chief Executive at the Railway Industry 
Association, said “we have been delighted to help bring 
our members together in an unprecedented cross industry 
collaboration to secure this funding which will, for the first time, 
provide the open to all innovation space which our industry has 
lacked. We look forward to UKRRIN supporting suppliers, large 
and small, to catalyse the developments which will help secure 
the future of the UK rail supply chain.”
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the evolution of safety practice in railway signalling
Prepared on behalf of the IRSE International Technical Committee  
by Yuji Hirao

The purpose of the IRSE’s International Technical Committee 
(ITC) is to provide thought leadership and disseminate 
learning on technical topics relevant to train control and 
communication systems. This provides value not only to IRSE 
members but also to the wider rail industry. The committee’s 
particular strength lies in its international membership, 
enabling engineering principles and practices from a diverse 
range of countries to be brought to bear upon the subjects 
that are debated.

In this report Yuji Hirao describes the way in which safety 
practice has developed, and draws some comparisons 
between signalling and other industries.

Introduction
In the long history of railway signalling, its unique safety 
technologies have continuously evolved on the basis of the 
lessons learned from accidents. When microelectronics and 
computers were applied to railway signalling during the 1980s, 
many detailed, in-depth studies were carried out on the basis 
of conventional safety practices based on a fail-safe philosophy, 
which were all rather qualitative and deterministic. Later a risk-
based approach which deals with probability of hazardous failure 
was introduced, and although the importance of fail-safe as best 
practice has not changed, there is nowadays a tendency that the 
quantitative approach, based on hazardous failure probability, 
has more importance and relevance than the qualitative and 
deterministic one. Is this the direction we should be taking, 
particularly in view of the coming generation change of new 
signal engineers with much more of an IT background? We 
should be thinking how safety is determined and managed within 
the context of railway signalling.

current practice and safety technologies in 
railway signalling 
Fail-safe
In discussing safety, whether or not a safe state can be defined 
is an important question. In the case of railways, the stoppage of 
trains is, in general, the safest result when malfunction of relevant 
systems or any other difficulties occur, i.e. fail-safe. This is a 
specific feature of railway signalling as well as the rationale for 
how safety is managed. The aim of fail-safe design is to achieve 
the required safety enhancement at a comparatively low cost, 
although, as a trade-off, system reliability is very often reduced 
because of the restrictive result of a fail-safe configuration.

Safety technologies for computerised railway signalling are 
now well described in the standard EN 50129 [1], where safety 
technologies are categorised into three areas: composite fail-
safe, reactive fail-safe and inherent fail-safe. 

The basic idea of the composite and reactive fail-safe categories 
is fault detection and negation as illustrated in figure 1. In 
the case of composite fail-safe, fault detection is performed 
by comparison of the same items, and the 2oo2 (two out of 
two) or 2oo3 (two out of three) configurations are normally 
adopted. Reactive fail-safe performs fault detection by applying 
diversification, for example, by using two different software 
configurations on either one central processing unit (CPU) or two 

different CPUs. This enables the system outputs to be compared 
for integrity. On the other hand, inherent fail-safe is realised by 
the characteristics of a single item of which the failure modes do 
not create dangerous situations, and failure mode catalogues 
(of items which should be considered for inherent fail-safe) are 
provided in an Annex to the standard.

When microcomputers were introduced in mid 1980s, 
diagnostic functions became the main force of the CPUs, as 
composite and reactive functions are realised by CPUs. However, 
the importance of the inherent fail-safe has not changed because 
the output must be fixed to a safe state in a fail-safe manner if 
any malfunction occurs. This also indicates that reliability is an 
important part of achieving safety, but will not in itself guarantee 
sufficient safety conditions.

Influence of risk-based functional safety on railway 
signalling
The UIC A118 committee contributed greatly to the introduction 
of microcomputers into railway signalling from the mid-1970s to 
the mid-1980s. At that time, safety measures were discussed in a 
qualitative/deterministic way, though the need for a risk-based/
quantitative approach was recognised and gradually introduced.

In EN 50129, the overall safety level is evaluated by 
comparing the tolerable risk (and a typical reference value is 
10-9 per hour per safety function). Although inherent fail-safe is 
important as mentioned above, this may cause over-reliance on 
quantitative evaluation and underestimation of best practice, 
i.e., a conventional safety approach. Particularly in the case 
of software-based systems, we should know that quantitative 
values are only one aspect of evaluation/validation. We must also 
remember that lessons should be learned from the misuse of 
SIL [2] and that safety has to be considered from many different 
angles. The UK Ladbroke Grove rail accident in 1999 revealed 
shortcomings in driver training, signal sighting, flank protection, 
as well as the absence of a complete and effective ATP system. 
This emphasizes the importance of using a holistic risk based 
approach for all operational aspects of running a railway.
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Figure 1 – Principles of composite and reactive fail-safe.
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Situations apart from railway signalling and their 
safety technologies 
New analysis and description methods of safety 
functions
For further understanding of the distinct features of railway 
signalling safety when considering the direction to proceed, 
a comparison with other well-advanced industrial practices is 
useful. In the field of safety-critical complex systems, e.g., in 
aerospace technology, systems are correlated with each other 
(i.e., into a system of systems), and it is far from simple to identify 
hazards and to decide system safety requirements. 

Conventional hazard analysis methods like FTA (Fault Tree 
Analysis) are not necessarily available to timing-related 
phenomena, and a new methodology, STAMP/STPA (Systems 
Theoretic Accident Model and Processes / System-Theoretic 
Process Analysis) has been proposed [3]. In STAMP/STPA, hazard 
analyses are carried out on the basis of four timing-related 
control actions, which have been experientially obtained through 
investigations into a huge number of accidents so as to establish 
a range of accident scenarios, e.g. “control actions stopped too 
soon or applied too long”. Safety countermeasures are set up 
against the causes of the scenarios.

GSN (Goal Structuring Notation), which is a graphical notation 
that aims to document explicitly the individual elements of any 
argument (claims, evidence and contextual information), has 
been discussed among software researchers who are interested 
in safety-critical systems, to clearly define safety requirements 
and to produce proper safety cases [4][5]. If safety requirements 
based on GSN could be correctly related to model-based 
software development, confidence in software would be 
increased. 

In the military, a document known as MIL-STD 882E from the 
US Department of Defense [6] which has been revised by adding 
software aspects, prescribes software assessments and their 
consequent level-of-rigour tasks, introducing software control 
categories and their software safety criticality matrix. MIL-STD 
882E requires, as a precondition of the software development, 

rigorous functional hazard analysis (FHA) against potential 
hazards to define its safety requirements.

Validation tool for machinery safety
The experience of safety technologies in other industries offers 
useful material for consideration. Similar to the case of railway 
signalling, the safe state in machinery safety can be clearly 
defined, i.e. bring the process to a stop, though the target safety 
levels are different. Categories, which are defined in ISO 13849-
1 [7] as the classification of machinery safety systems in respect 
to the minimisation of faults and their subsequent behaviour 
should a fault occur, are similar to the fail-safe concept in railway 
signalling. These categories are achieved by the structural 
arrangement of the parts, fault detection and/or by their 
reliability. 

Specifically, inherent safety design measures are achieved by 
avoiding hazards or reducing risks by a suitable choice of design 
features for the machine and/or for the interaction between the 
exposed persons and the machine, and these design measures 
are part of the safety principles. For electric/electronic control 
(i.e., functional safety), more concrete information regarding 
these safety principles as well as descriptions of well-tried 
components, are also provided as informative validation tools in 
ISO 13849-2 [8]. In reality, the laying down of safety principles 
and use of tried and tested components are well described and 
understood and are factors also applicable to railway signalling. 

Relevance to railway signalling
Robots, in particular personal care robots that provide human 
physical contact applications to improve the quality of life of 
intended users irrespective of age or capability, and road vehicle 
self-driving technologies have made enormous progress recently, 
attracting wide social interest. These have been developed 
considering IEC 61508 (functional safety) [9] and its derivative 
standards, which predominantly relies on quantitative analyses.
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The trend of the above-mentioned new methods should be 

recognised and interpreted in a way that would be applicable for 
railway signalling systems, whereby safety should be considered 
from many different angles, not only relying on the quantitative 
but also on a deterministic approach. Although the concept of 
a fail-safe philosophy should continue to be developed in the 
future to the extent that a safe transportation service can be 
ensured even in the case of malfunction of the signalling systems, 
we should first understand the importance of our evolving 
practice and produce the mechanisms which ensure ever greater 
safety. This is demonstrated and justified by the following. 

Future directions of best practice in railway 
signalling safety technologies
UIC project: the use of signalling relays
A UIC signalling expert group is now finalising the four-year 
project, “The Use of Signalling Relays”, of which the major 
deliverable is a technical paper of over 170 pages. The 
development and application of signalling relays is a good 
example of the spread of best practice in railway signalling. 
Despite the introduction of computers, relays will never be 
obsolete, and it is significant that the project has considered 
afresh the use of relays from both a quantitative and deterministic 
view, thus demonstrating the value of an alternative approach 
[10]. 

This project, however, has revealed that for some specific older 
technologies, the documentation, including the knowledge of the 
experts at the time, is either non-existent or even if it does exist, 
the rationale or theoretical background is not commensurate with 
modern day safety practice. It is also clear that new computerised 
systems need to interface with legacy systems because railway 
signalling systems are rarely implemented as a totality and 
therefore precise understanding and knowledge of legacy 
systems has to be part of the overall safety assurance.

The UIC project has revealed that safety best practice, 
especially for existing elements of railway signalling is already 
insufficiently controlled and documented. This should be a 
warning to us all, and more effort needs to be expended to right 
this deficiency.

Security
Recent sophisticated signalling systems, including radio-based 
train control systems, are connected to communication networks 
(also often radio based), and nowadays the security of these 
is even more important [11]. Recent worldwide cyber attacks 
on healthcare administrative systems have demonstrated the 
necessity to have in place effective counter measures that will 
enable systems to be resilient.

Safety and security have one strong similarity and one major 
difference. As for the similarity, risk assessment is necessary 
for both safety and security, meaning that a hazard/threat 
analysis has to be carried out. This relates primarily to safety 
aspects where a deterministic approach and use of traditional 
safety practices lead to a quantitative analysis from which the 
priorities can be ascertained. However, it is evident that the risks 
associated with security are more difficult to assess since signal 
engineers do not have the necessary experience when compared 
with safety practice, and moreover the hazards themselves evolve 
and are constantly changing. This aspect is thus fundamentally 
different. 

The development of best practice for security is an urgent task, 
and this must be a continuing process as new technologies which 
are applicable to railway signalling are invented and developed. 
It is vital that signal engineers work with other safety critical 

industries to study the threats and safeguards that will be needed 
to ensure safe and reliable use of new technology, putting priority 
on mechanisms and theory rather than probability.

conclusion
The most important of the distinct features of railway signalling 
is, as discussed above, fail-safe, and this has not changed even 
after risk-based functional safety has been broadly introduced 
into railways and industries. In order to realise sophisticated 
railway signalling systems which enhance railway traffic service 
quality, we need to learn the cutting-edge technologies which 
are developing rapidly in academia and advanced new industries, 
and to introduce them into railways, never forgetting the distinct 
features of railway signalling.
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What do you think?
Remember that if you have views you’d like to share about 
this, or any other article in IRSE NEWS, we’d love to hear from 
you. Our mantra of “inform, discuss, develop” depends upon 
members sharing views and ideas. 

Why not write to the editor (irsenews@irse.org)? We always 
welcome letters for our ‘Feedback’ column.
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Will rail be a significant transport provider 
in years to come?
David Fenner

Introduction
The rail industry in the UK has been growing rapidly for some 
years, during which time it has increased passenger patronage, 
on many routes by over 100%. Freight has not seen the same 
growth but that has been largely due to the recent decline in 
coal traffic as the electricity supply industry has moved away from 
burning coal as part of climate change initiatives. Other sectors 
of the freight business have seen significant growth. 

Should we assume this growth is going to continue? What 
developments are occurring in other transport sectors that 
could influence the continuation of this growth? Can the rail 
industry meet the challenges of providing the sort of transport 
system people will require in the future? Can rail provide high 
quality, low carbon, mass transport in a future that is likely to see 
significant advances in other transport modes?

Where are we at present?
The current position of the transport industry within the UK can 
be broadly defined as road dominated, with 90% of passenger 
journeys and around 70% of freight (measured in tonne-km) 
moved on roads. Rail has roughly 8% of passenger-km and 9% 
of freight tonne-km. The road traffic is carried on 225,000 km of 
roads, and roughly two-thirds of all the traffic is carried on main 
(class ‘A’) roads and motorways (29,000 km). The rail traffic is 
carried on a network of 16,000 km. If the size of the infrastructure 
networks were the indicator of capacity, and if we compare the 
rail network with the main road and motorway network, then one 
might expect road to carry around twice as much traffic, whereas 
in practice that road network carries about six times as much as 
rail.

Autonomous vehicles are currently big news, with various 
reports advocating lorry convoys on motorways and similar roads, 
and self-driving cars beginning to appear in trial mode. Several 
high-end production cars now include “driver support systems” 

which include features such as cruise control that responds to 
the vehicle in front. Indeed the USA has mandated automatic 
emergency braking to be fitted to all cars built after 2020. 

Given the size of the road vehicle market we can expect these 
developments to continue apace, with the result they are likely 
to become commonplace within the next decade. Electric road 
vehicles are also developing quickly driven by air pollution issues, 
especially in cities, and concerns about climate change and 
our need to reduce dependence on fossil fuels. Again a recent 
announcement by Volvo means hybrid vehicles could be the 
norm within a few years.

Nor should we forget the Internet, with its ability to link people 
and provide services in ways not previously practicable. Key 
examples in the leisure and travel trade include Airbnb providing 
accommodation and Uber providing a taxi any time anywhere.

What implications could this have?
For two decades in Britain rail has been gaining traffic year on 
year, probably driven to some extent by increased congestion 
on the roads. But will this continue? Autonomous driving may 
well reduce accidents because around 80%+ are caused by 
human error, primarily inattention by the driver. If most of these 
human error traffic incidents are eliminated, the reliability of your 
road journey should significantly improve as a result of reduced 
disruption. Although I have not seen such proposals myself, we 
might anticipate proposals for higher speed limits on suitable 
roads because of the reduction in accidents and improved 
reliability of autonomous vehicles, and so perhaps journeys by 
road will also be quicker in future.

It is also proposed that autonomous vehicles will drive 
closer together because the human reaction time of typically 
one second is eliminated. There are reports of trials in one 
of the Scandinavian countries where lorry convoys operated 
with 6 metre gaps between vehicles. Thus some experts are 
predicting that today’s motorway will be able to increase capacity 
from around 2000 vehicles per lane per hour to around 4000, i.e. 

Figure 1 – The digital railway project in the UK seeks to increase 
capacity by up to 40% in certain areas, but autonomous road vehicles 
are assumed to at least double road capacity.  
Photo Wikimedia commons/G-man.
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double the capacity. Can rail double the capacity available on a 
typical primary route without building more infrastructure? 

Self-driving vehicles will take away some of the reasons people 
currently own cars, such as the ‘joy’ of driving. They are also likely 
to be more expensive, at least initially, because of the sensors, 
communication equipment, control systems and software they 
include. In major cities it is already apparent that owning a car 
is not worthwhile for significant parts of the population. There is 
also a demographic change with more young people not aspiring 
to own cars as previous generations did. This could lead to a 
greater use of shared facilities and services like Uber are perhaps 
showing the way.

In the future consumers may have an app on their mobile phone 
(Mobility as a Service – MAAS) which will organise any journey 
you require using parameters you define. At the appropriate time 
a vehicle will arrive at your starting point and the journey will 
commence. The modes used and any interchange points could 
be different on each occasion and, if cost is a key parameter, you 
may end up sharing part of the journey with others, as of course 
you would on conventional public transport.

Reality check
Having suggested that considerable enhancement in road 
network capacity may be possible, one has to ask how much of 
this will really happen. Various concerns and questions arise in my 
mind, suggesting that whilst significant gains can be made, some 
may be optimistic (we may yet find that the capacity increase 
predictions of digital rail technology are likewise optimistic of 
course). 

Firstly, a quick check on the idea of 4000 vehicles per hour per 
lane on a motorway would require an average interval of less 
than 1 second or 24 metres between the front of each vehicle 
(at a nominal 60 mph or 100 km/h). That’s roughly one and a 
half lorry lengths. How will one change lanes, and perhaps more 
importantly how does one get on and off the motorway, without 
disturbing the flow? A journey on a busy motorway today is often 
punctuated by speed reductions and congestion on the approach 
to and after a junction. Traffic management and junction control 
could become key issues – a topic for which perhaps our 
profession is well placed to provide advice. 

My second observation relates to sections of road where 
autonomous traffic and others (pedestrians, cyclists and 
conventional vehicles) are not segregated. I can anticipate this 
working only if an autonomous vehicle can stop short of an 

obstruction (including one that appears without warning, such 
as a child, a dog or a ball). This could result in speeds being 
very low and possibly uncompetitive with modern urban transit 
systems. On the plus side however, if an autonomous vehicle has 
knowledge of congestion some distance ahead, systems could 
redistribute the traffic and thereby minimise overall disruption.

A third consideration is that if autonomous vehicles find they 
are constrained by the slowest vehicle on the motorway then 
you could argue that the comparison with an Intercity train on a 
mixed traffic line is also dubious. If all long distance trains made 
the same stops, at least on the busy trunk section of the network, 
then it might be possible to timetable them at considerably less 
than current intervals, thus boosting capacity. This is facilitated 
greatly by the use of ETCS cab signalling, with the ability to close 
up on approach to stations.

A final point in this reality check relates to journey length. It is 
generally true that the shorter the journey the more people will 
be making that journey. Hence bus journeys tend to outnumber 
metro journeys and metros outnumber mainline train journeys, 
often many fold. Many current journeys by road are short, for 
example dropping children at school or delivery of your groceries 
by van. Rail, other than urban metro and tramways, is not in that 
market and never can be. What would the ratios look like if those 
journeys were excluded from the road totals?

Safety
The investment in developing autonomous road vehicle 
technology is likely to be far greater than railways can afford, 
and therefore there may be benefits in the rail industry adopting 
some of the technology being developed for roads. A significant 
caveat to this, however, is that the current safety performance 
of roads is far worse than rail, so even if autonomous vehicle 
systems improve the road safety performance, such systems 
may not be acceptable for rail. On the other hand, can the rail 
industry offer insights about safety for autonomous vehicle 
development?

Pollution
Now consider pollution, firstly in terms of CO2 per passenger km. 
A typical urban car will currently be achieving around  
110g/km, a bus 75g/passenger-km, and metro train  
60g/passenger-km and a main line train 55g/passenger-km. 
But, according to some sources, if we factor in vehicle capacity 
and the opportunity to share cars in an autonomous vehicle 
world, the numbers change radically with cars and buses falling 
to around 20g/passenger-km. An ‘Uber’ like car sharing system 
could significantly increase vehicle occupancy and thus make a 
significant contribution to pollution reduction.

Main line train Urban road vehicle Bus Metro train

Today 55g/km
Optimised 40g/km

Today 110g/km
Optimised 20g/km

Today 75g/km
Optimised 20g/km

Today 60g/km
Optimised 15g/km

C
O
2

Figure 2 – Matching capacity to need. The effect on carbon dioxide 
emissions of adopting autonomous vehicles operating with each seat 
filled.
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On rail, maximising the use of available capacity over the course 
of a day reduces metro trains to about 15g/passenger-km. Main 
line trains reduce less, to around 40g/passenger-km, because 
current load factors suggest there is less room to accommodate 
additional passengers. Comparisons are difficult, since we are 
not always comparing like with like (an intercity train has a lower 
capacity but higher speed than other trains, for instance). 

Electric vehicles will make a major contribution to reducing 
pollution near roads on which they operate, although whether 
that translates into significant reduction at a national level 
depends on the amount of electricity generated from renewable 
(or at least non-polluting) sources, as well as the times at which 
charging takes place. And will fossil fuelled vehicles become 
significantly less polluting in future? The picture is uncertain in 
this respect - diesel vehicles were once heralded because of 
better fuel consumption, thus creating less CO2, but the leaner 
burn and higher temperatures used in such engines gave rise 
to the current pollution concern, nitrogen oxides, which present 
major health hazards.

More reality
Some of the numbers referred to earlier do not seem to be easily 
achievable. A particular example is whether we could achieve a 
four-fold reduction in pollution per  passenger-km from an urban 
train. It seems very unlikely that four times as many people could 
be accommodated on say the London Underground at peak 
times, so unless peak flows can be evened out over the day, and 
trains run full from start to end of their journey, we are unlikely to 
realise the suggested gains. 

Similarly, even with an ideal MAAS system will it be possible 
to achieve typically four people per car and maintain that 
throughout the daily operation of each vehicle? Given that a 
prime reason most of us would use a car to commute is speed 
and convenience it is doubtful that the average car, other than for 
school runs and similar tasks, will be full or nearly full for most of 
its journey.

A further consideration for any MAAS system that attempts to 
match passengers to available car journeys would be the need 
to drop passengers off at various locations and to pick others up. 
This would appear to be particularly relevant to the concept of 
a shared autonomous taxi system. Such interchanges could add 
to journey distance, will almost certainly add to journey time, 
and may require the MAAS system to have some sophisticated 
plan/re-plan algorithms to cope with delays and consequential 
“missed” connections. Perhaps another opportunity for our 
profession?

Government investment
Costs and cost-benefit analysis are major factors in infrastructure 
investment decision making by government, and rail generally 
compares particularly unfavourably with road in this respect. 
Major capacity upgrade costs for rail can amount to £50M/mile, 
against upgrade costs for a motorway of circa £30M/mile. These 
comparisons are based on delivering about the same number 
of passengers per hour per direction (10,000 passengers per 
hour). Whilst this is but one example and will vary considerably 
depending upon the circumstances, it can be broadly said 
that road development costs are around half or less of rail 
infrastructure, with the possible exception of tram systems. Will 
Government support investment in expensive systems?

What could the future be?
In the transport world of the future you will have access to a 
MAAS app on your mobile device, and you will request a certain 
journey and preferred departure or arrival time. You may have 
other preferences to avoid or include certain features as part 
of the journey. You will then be presented with either a journey 
plan or a set of options from which you select the one you want. 
This should of course include advice on issues such as cost, 
accessibility and dependability, to help you choose the best 
one. The journey may include walking, cycling, car or bus use 
and rail or perhaps even air travel. You follow the instructions 
and information given for the journey, and you arrive at your 
destination at the right time, all of course paid for through your 
‘mobile wallet’. For many people that would be ideal. After your 
journey, you may be asked to complete a survey, this data being 
used to improve the quality of service and journey experience for 
others. 

Lorry convoys and autonomous vehicles are no longer part of  
science fiction. Photo Shutterstock/Chesky.
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FUTURE OF RAIL
If rail is to be a meaningful player in such travel arrangements, 

there are several elements that we need to address, including:

• Reliability of service.
• Current data about service provision.
• Ease of access to the rail network and the trains.
• Safety and security.
• Clear pricing information.
• Frequent update of journey data.

Reliability of the service is already a key issue for many 
passengers and this is likely to become even more important in 
the app transport planning world. It is certainly a factor that if not 
addressed will result in low customer satisfaction scores, which 
will feed back into the algorithms used to propose journeys 
- with adverse consequences for rail. Assuming continued 
growth in network usage, highly reliable and high capacity 
signalling systems will be required, together with better traffic 
management, so that small disruptions can be contained or 
corrected. 

Reliability is not the only factor to consider of course, and the 
overall assessment of the quality of service will include other 
issues such as the availability of a seat, on-train facilities etc, 
which is where data about service provision becomes important. 
This will require significant volumes of data to be exchanged 
between the railway and the MAAS system, and the data will 
need regular updating as conditions change. There may also 
be opportunities for the MAAS system to inform the railway 
operators of probable loadings at each station, and of special 
requests (e.g. for mobility-impaired passengers). Thus, there 
will be a need for high quality, highly reliable data networks 
to distribute and collect this data, and of course the necessary 
firewalls and other mechanisms to ensure the information is 
exchanged securely. 

Ease of access to, and use of, the railway will also be 
important, partly because if it is not easy to use customers will 
be discouraged from using it, but also because a complicated 
system may confuse the unfamiliar traveller, perhaps leading to a 
missed connection. Thus timely information about the platform 
for your next train and how to get there is important.

Safety is another aspect of travel that most of us take for 
granted when using public transport, and we accept that we are 
travelling with people we do not know, but how safe and secure 
would you feel sharing a driverless car with a stranger? Will 
railways need to do more to ensure safety and security against 
terror threats?

Pricing the journey is a challenge that will impact the 
commercial staff more than engineers. Will the ‘surge pricing’ 
approach of Uber be followed, which of course is not dissimilar to 
peak hour demand pricing on the railway? What fare will be paid 
if a traveller misses a connection?

Frequent and accurate updating of information during your 
journey will be a pre-requisite. I can think of several occasions 
where had I known about disruption to part of my journey, I 
would have amended my plan either by route or by time. A key 
area of work is therefore to enhance the information provided 
to passengers when things are not going quite to plan. From 
an engineering perspective this seems to be suggesting that a 
reliable LTE or wi-fi network will be required almost throughout 
the journey.

What role can we play?
Given that more people are travelling, and this is a trend that 
seems likely to continue, we have to increase capacity, and 
reduce pollution as well as our own costs. As we have said 
in previous editions of IRSE NEWS, opportunities to increase 
capacity can come from signalling developments such as ETCS 
(or other forms of CBTC system). Others will come from changes 
to operating practices or track layout changes (e.g. enhanced 
capacity for station dwells, better junction design). More can 
be delivered by better traffic management, which will in fact 
be essential in order to ensure a reliable and resilient service as 
headways reduce. 

Electrification is a major contributor to reducing pollution – 
the energy is ‘cleaner’, and we can recover and re-use braking 
energy. Intelligent traffic management systems, driver advisory 
systems, automatic train operation and other systems can all 
help reduce traction energy consumption, which is where we 
have a role to play. However, as the recent IRSE NEWS article 
on carbon emissions illustrated, there is plenty of work to be 
done to reduce the embedded carbon footprint of the railway’s 
infrastructure. A more intelligent approach to construction can 
reduce embedded carbon, not least by reducing the amount of 
trackside equipment.

Railways have a future, of that there can be little doubt. But our 
contribution to ‘mobility as a service’, and remaining competitive 
as other transport modes make advances, is not something 
that any of us can take for granted. As engineers we must be 
inventive, adaptable, and mindful of the commercial realities with 
which all transport providers have to contend.
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The boundary between driver assistance systems and self-driving 
vehicles is rapidly becoming blurred. Photo Shutterstock/iQoncept.
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An interview with ... clare Jameson
Paula Persson

This month we start a new series of articles in which we 
meet members of the IRSE, talk about their backgrounds, 
the work they do today, and their aspirations for the 
future. This is in part to celebrate the diversity of our 
organisation, and to recognise the important part that we 
all play in the industry and in society. 

In this first interview, Paula Persson of the IRSE talks to 
Clare Jameson of Northern Ireland Railways.

Clare has worked for Northern Ireland Railways (NIR) for 
13 years from her apprenticeship days. After acquiring 
the necessary A Levels she began studying a Bachelors in 
Engineering at Queens University Belfast, but realised very 
quickly that she aspired to a deeper understanding of the 
context of the industry she wanted to work in. 

“I wanted a deeper understanding of the 
industry I wanted to work in

She then re-located her studies to the Northern Regional 
College for few years for more ‘hands on’ training. 
Subsequently, Clare began as a rolling stock maintenance 
technician as her apprentice placement at NIR when she was 
17. From this role, she moved on to become a signalling 
maintenance technician for almost five years which, she related, 
was very enjoyable as she loves finding solutions to complex 
engineering problems. Although this role took her outdoors in 
all weathers (in Northern Ireland that can be ice-cold in winter) 
and all hours of the day and night, she explained that because 
every fault is different, she found much satisfaction in her work 
identifying those faults. 

After having gained a great deal of valuable practical 
experience as well as favourable academic achievement, Clare 
graduated from Queens University in Belfast with a BEng (Hons) 
degree specialising in electronics. Following this, Clare recently 
decided to leave behind the 12-hour Maintenance Technician 
shift patterns and now works as a signalling design engineer 
at NIR. She was successfully mentored for Engineering 
Technician registration through the IRSE and hopes to apply for 
Incorporated Engineer status in due course, also through the 
Institution.

“I did feel at little shy and self-conscious at 
the beginning, aged 17

Although Clare explained that she has never felt discriminated 
against for being female whilst working at NIR, naturally, she did 
feel a little shy and self-conscious at the very beginning aged 17, 
because she was the only female amongst an all-male workforce, 
some of whom later admitted they thought she would never 
last. However, as maintenance technicians work closely in a team 
(usually) of three, this enabled Clare’s team to demonstrate their 
technical ability to each other very early on thus compounding 
that required trustworthiness so fundamental in effective teams. 
There is a requisite level of physical fitness for all employees 
working in a maintenance environment so, although physically 
strong, Clare acknowledges that she may not have been as 

physically strong as some of her male co-workers but never felt 
judged because of this. It fact it was never an issue. Although not 
relying on the physical strength of her co-workers, Clare always 
felt it appropriate to ask for help when needed. As part of a close 
team, she too always reciprocated technical help and support 
whenever it was needed by her team mates.

“I have always enjoyed finding solutions to 
complex problems

Clare has always revelled in finding solutions to complex 
problems and discovering faults that she has never experienced 
before and therefore also relishes in the industry’s perpetually 
changing technology; new systems, components and relays 
which continuously advance and enhance the practice of rail 
traffic management. Not surprisingly, Clare won the UK 
Apprentice of the Year Award in 2007 and a further Engineering 
Maintenance Award through the Northern Ireland Engineering 
Training Council in 2009. 

I asked her what work she has been doing in her new design 
role. 

She explained she has been producing a set of source records 
to an Automatic Half Barrier (AHB) level crossing in the north of 
the NIR. The installation technicians are currently doing a project 
replacing road traffic lights with new LED ones, so along with 
this work we are trying to compile a complete set of drawings. 
This includes a lot of correlation work and wire counts lineside 
and then using what we have found to create a set of drawings 
(maintenance copy, office copy and maintenance management 
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copy) for the fault technicians. She has also worked on the 
Coleraine to Londonderry line has been re-signalled by Babcock 
rail, which replaced old semaphore signals and token machines. 
Clare was involved in accepting the new drawings from Babcock 
and ensure version numbers and drawings have all been updated 
correctly, with any tester notes included in the new drawings. 

Clare is currently producing drawings for installing new data 
loggers at several AHB crossings. They need to be drawn from 
scratch and to comply with current standards. Once completed 
the installation technicians will use these drawings to install the 
data loggers.

“Starting as a technician has given me 
confidence and a better understanding

How has being a maintenance and fault technician helped with 
the design role?

With having over four years’ experience as a fault and 
maintenance technician, Clare has the underpinning knowledge 
of the railway systems and components and particularly the 
AHBs. A number of faults happen at these level crossings and her 
team have been called upon to attend them often, so she knows 
how important it is to have a good set of drawings. 

Having that hands-on faulting experience means she has a good 
understanding of how each circuit works and when checking 
drawings, if anything doesn’t seem right, she can investigate 
further. She says starting as a technician has given her the 
confidence and most certainly a better understanding of how 
circuits work and why they perform in a certain way, and using 
that base knowledge can only be positive in this role and on any 
further projects she may be involved in. Clare has also worked 
alongside the technicians in all weather conditions so there is a 
mutual respect there. She knows if there are any questions she 
needs to ask, or something she needs to communicate with them 
for other reasons, she would be able to approach them at ease 
and know they would be happy to help.

Clare’s advice to any young person entering the Industry is don’t 
feel that you have to stop progressing after the apprenticeship 
stage is complete; with the right positive attitude and 
commitment you can achieve an engineering degree. 

Clare feels that she ‘grew up’ in the industry and believes 
that she would not be the person that she is today had she not 
undergone such rigorous, confidence building training and has 
subsequently earned the professional respect of her all male 
colleagues in her current role as signalling designer at NIR in 
Belfast. Clare related about her time at NIR that it is so refreshing 
to regularly meet new, like-minded people that she would 
never normally get a chance to meet, from both within NIR and 
Network Rail. 

Atkins awarded cornish resignalling contract

[RGI] UK: Atkins has been awarded a £9m (€10m, $12m) contract 
to upgrade the signalling between Truro and St Erth. This forms 
part of Network Rail’s Cornwall Capacity Enabling Scheme to 
enable one extra train per hour to operate between Plymouth 
and Penzance. 

Atkins will be responsible for detailed design through to 
construction, installation, testing, commissioning and entry into 
service ahead of the December 2018 timetable change. 

“A range of in-house disciplines will be deployed, including 
signalling and telecommunications, power supplies, permanent 
way and civil engineering services, to implement 12 new signals 
and upgrade seven level crossings” said Stephen Mills, Senior 
Project Manager, Transportation at Atkins, on 12 June.  

INDUSTRY NEWS

HIMA signs Indonesia signalling technology 
contract

[RGI] Indonesia: INDONESIA: HIMA has signed a €1.74m (£1.6m, 
$2m) contract to provide signalling equipment supplier PT Len 
with SIL4-certified commercial-off-the-shelf HiMatrix and HiMax 
safety controllers. 

HIMA said a major factor in winning the contract was its use 
of an open architecture which would enable PT Len to integrate 
HIMA’s technology with its legacy systems and equipment from 
other vendors. 

“In the railway industry, COTS safety controllers are becoming 
the standard, particularly for interlocking and signalling 
technology as they have considerable advantages over 
proprietary technology”, said Friedhelm Best, HIMA Vice-
President for Asia Pacific, on 17 August. “The decentralised 
interlocking and signalling systems offer greater flexibility and are 
not burdened by the unnecessary, overly complex functions that 
so often plagued proprietary systems.” 

Atkins awarded £29m Norwich – Lowestoft 
resignalling contract

[RGI] UK: Infrastructure manager Network Rail has awarded Atkins 
a £29m (€32m, $37m) contract to resignal the Norwich – Great 
Yarmouth – Lowestoft route by spring 2019. The project covering 
42 route-km will include the deployment of Alstom ElectroLogIXS 
digital interlockings to replace mechanical systems, and the 
upgrading of six level crossings. The signalling will be controlled 
and the hardware remotely monitored from the Colchester 
Signalling Centre. 

Announcing the contract on August 15, Atkins said it would 
provide a full suite of GRIP Stage 5 to 8 design, engineering, 
construction, testing and commissioning services. 

“The innovative new signalling system will provide a step-
change in the way the railway runs; it will be safer, more reliable 
and cheaper to operate and maintain”, said Atkins Programme 
Director Adam Parsons. “Using a digital interlocking system 
deployed with our overall system architecture significantly 
reduces the amount of time which track engineers will be 
required to spend in safety critical environments maintaining and 
repairing signalling systems.”
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News from the IRSE
Francis How

IRSE MATTERS

 

Final reminder – your annual subscription
Here is one more reminder that if you have not yet paid your 
membership subscription for 2017/18, you need to do so now 
by logging in to the IRSE website, navigating to  
Pay your subscription (under the Membership tab), and 
paying the Outstanding Invoices listed. If you don’t do this, 
what will happen is that this edition of IRSE NEWS is the last 
you will receive, and you will no longer be sent the monthly 
e-bulletins and other information about IRSE activities.

Presidential Programme technical Meeting
The second technical paper in our Presidential Programme 
series will be held on 12 October at the IET, Savoy Place, 
London, starting at 18.00 (refreshments are available from 
17.30).

The speaker is Stuart Calvert of the GB Digital Railway 
Programme, who will be speaking about “The Train Control 
Dilemma”. All are welcome to come for what should be an 
informative presentation and lively discussion.

Mentoring Scheme
In case you had forgotten (or never knew!) our Mentoring 
Scheme continues to be available for members who want help 
with their professional or career development. Most people 
benefit from having someone to help and support them 
manage their learning so that they can develop their skills and 
maximise their potential, particularly in the early stages of their 
career. The Scheme facilitates a managed relationship between 
the Mentor and the person being mentored (the Mentee) by 
helping them to step back from their daily work, reflect on and 
review their performance, and identify areas for improvement. 

More information about the Scheme is available on the IRSE 
website (irse.info/xfaps) – you will need to log-in to view it.

Network Rail Apprentices of the Year
We are pleased to announce that the Network Rail S&T 
Apprentices of the Year 2017 are Richard Fuggle (signalling) 
and Thomas Beech (telecoms). The IRSE has been making 
these awards annually for some years to recognise the 
enormous effort Network Rail has put into the training of 
engineering apprentices in general and S&T engineering 

apprentices in particular. Most importantly, it is also a recognition 
of the hard work of the winners. 

Richard and Thomas are proud owners of the respective 
trophies for signalling and telecoms for a year, and are enrolled 
as members of the IRSE. Our congratulations to both of them.

ASPEct 2017
Our 9th ASPECT Conference will take place in Singapore 
in November. The event will feature around 40 high quality 
technical papers, addressing the broad themes of the 
Conference. The event also features a suppliers’ exhibition, 
optional additional days for Younger Members (27 November), 
technical visits (30 November) and an Australasian and Singapore 
Sections Seminar (1 December). The event is being supported 
by the Institution of Engineers Singapore (IES). More information 
is available on the IRSE website (irse.info/g5hzy). We have 
arranged good discounts for members wishing to stay at the 
Hilton Garden Inn Serangoon in Singapore – see the website for 
further details.

UK Sections Programme
The UK Sections Programme for 2017-18 is available on the IRSE 
website – please visit the UK Sections webpage, under the Near 
you tab of the IRSE website.

UK York Section Annual Dinner
The 2018 York IRSE Dinner will take place at the National Railway 
Museum on Thursday 15 March 2018. Further details of the event 
will appear in the December issue of IRSE NEWS, and on the 
IRSE website.

Diversity and Inclusion: clarification
In our article about Diversity and Inclusion in the May edition of 
IRSE NEWS we mentioned that it is against the law in the UK to 
discriminate against anyone because of age; disability; gender; 
marriage and civil partnership; pregnancy and maternity; race; 
religion or belief. The word “gender” was intended to include 
sex, sexual orientation and gender re-assignment. To clarify, it is 
against UK law to discriminate against anyone because of age;  
being or becoming a transsexual person; being married or in a 
civil partnership; being pregnant or on maternity leave; disability; 
race including colour; nationality, ethnic or national origin; 
religion, belief or lack of religion/belief; sex; sexual orientation.

For more information 
on IRSE activities visit 

our website

Do we have your most up to 
date details?

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

Please take the time to check your details on our 
new database system. Visit www.irse.org, click on 
the Login to IRSE link, enter your email address 
and password, and click on My Record on the left 
hand side of the screen.

http://irse.info/xfaps
http://irse.info/g5hzy
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FRENCH SECTION
technical visit to the new interlocking in Paris-Gare de Lyon and 

Operational control centre (ccR) in Vigneux
Gilbert Moens, Jacques Poré, Hugh Rochford, christian Sevestre

On 20 June 2017, the IRSE French Section (IRSE-FS) held its 
second Technical Visit. The theme was the new CCR (Commande 
Centralisée du Réseau; integrated centralised control centre) at 
Vigneux, a station in the south-eastern suburbs of Paris, and the 
new interlocking installation at Gare de Lyon.

The visit started with a series of papers presented in a 
conference room with the generous help of SETEC (their offices 
being very close to Gare de Lyon) and Gilbert Moens. Then came 
the visits themselves. Attendees came from France, Belgium and 
Switzerland. Their number had been limited to 40, priority being 
given to IRSE members, as some locations in operation were 
unable to accept more than six people. 

At 13:30, attendees gathered around Christian Sevestre (retired 
SNCF Technical Director, IRSE President 2014-2015 and IRSE-FS 
Chairman), Jacques Poré (Alstom Transport Senior Technical 
Expert, IRSE President 2005-2006 and IRSE-FS Vice-Chairman), 
Hugh Rochford (SNCF Réseau Contract Manager and Secretary 
of the IRSE-FS) and Philippe Lebouar, who is in charge of SNCF 
Réseau (Engineering & Projects) Signalling Department.

Opening the conference, Christian Sevestre briefly reminded 
attendees about the IRSE and the objectives of the IRSE French 
Section: to develop mutual understanding between professionals 
in France, Luxembourg and Belgium in railway signalling and 
telecoms and to enable professionals to meet and exchange best 
practices in an informal setting, e.g. conferences and technical 
visits.

After a few words from Hugh Rochford, four papers were 
presented.

conference Papers
Presentation of the Gare de Lyon CCR project
By Jean-Marc Bomo, SNCF Réseau, Ile-de-France Projects 
Division, Project Manager.

Jean-Marc Bomo started by introducing his team who were 
present throughout the conference and the technical visit. 

A short introduction film set the scene: There will be 16 control 
towers in France to manage all traffic, merging over 1500 
interlockings, and the Gare de Lyon / Vigneux CCR is one of 
them. About 1000 train movements per day already run in the 
area. The commissioning took place on 20 March 2017 after 
a single weekend during which the whole area (about 10 kms 
south east from Gare de Lyon buffers) had been completely 
out of service, with various alternative solutions proposed to 
passengers.

In short, the operation consisted of replacing the original 
Thomson electromechanical interlockings “Poste 1” and “Poste 
2” dating from 1933. There were several factors motivating 
the change: the old “Postes” were obsolete; the knowledge to 
operate them and, even more important, to keep them in good 
operational condition and maintain them, was disappearing; 
the increase of traffic expected required extension of several 
platforms and to install two more tracks (n°25 and 27) in Gare de 
Lyon terminus station. Changes had to be made while keeping or 
even increasing a high level of quality of service. Today, over 90% 

of departing trains leave the station exactly on time, i.e. not more 
than one minute after scheduled.

To deliver the project, the master words have been “co-
construction between all team members” (from SNCF Réseau 
to SNCF Mobility and all suppliers) and “empathy” to avoid any 
conflict or difficult situation to manage. J M Bomo insisted that 
these are a key lesson to be learnt from this project.

Another point cited as a major source of gains was the 
simulation of the environment (SIMEL) that has been used. It was 
said that up to 6 months may have been saved in this process 
and that the team benefitted from a reduction of stress.

Figures characterising the Gare de Lyon/Vigneux new CCR and 
interlocking project include:

• ~1000 train movements per day.
• 796 routes.
• 255 track circuits.
• 186 points.
• 10 kms from Gare de Lyon buffers.

Railway operation at Vigneux
By Olivier Leleu, SNCF Réseau.

This presentation focused on the technical part of the project 
and the operation.

Some figures were given including details on the different 
sorts of traffic to manage. The 1000 train movements each day 
include:

• ~100 technical movements.
• >200 TGVs.
• ~460 RER-D.
• ~260 other trains: suburban trains (beside the RERs), TER 

(regional trains), Thello (the private long distance operator 
between Italy and France), etc.

IRSE-FS President Christian Sevestre gave the introduction speech.



IRSE NEWS |  ISSUE 237  |  OctOBER 2017 27

With such varied traffic and the complex layout of tracks, the 
main motivation for the operators was to avoid any big problem 
that can quickly and easily bring a ‘domino effect’, a rather simple 
problem to manage (at its start) transforming easily enough into 
chaos.

Olivier Leleu described the layout specifics of Paris Gare de 
Lyon station:

• The “historical” 12 tracks under the large “marquise” 
(canopy) are numbered A to N; they were managed by Poste 
1.

• The 10 tracks north of the ones above, built afterwards in 
stages, are numbered 5 to 23 (odd numbers only); they were 
managed by Poste 2.

• The 4 RER-D tracks are in the underground station. Unlike 
tracks A-N and 5-23 that are all terminus tracks (i.e. ending at 
buffers), RER-D tracks are through tracks going further to the 
centre of Paris.

The new interlockings equipping the Gare de Lyon/Vigneux 
area are of type PAI-SEI by Ansaldo-STS. The operation has 
also been highly improved by a new version of MISTRAL (SNCF 
Réseau’s standardised Human-Machine Interface). About 600 
new train localisation points have been implemented to follow 
the train movements and provide data to the traffic management 
equipment.

It was said that the control room has now been simplified in 
the process with just two rows of operators: the train controllers 
(agent circulation) and the chief and deputy of operations; the 
intermediate row (aiguilleurs; signallers) have been integrated in 
function with the controllers.

In his conclusion, Olivier Leleu insisted that the keys to the 
success of the new implementation came from having had from 
the start a Technical Project Manager, an Operating Project 
Manager and technical and operational teams ‘tied together’. 
This improvement comes from the lessons learnt with the 
previous control centre projects in Dijon, Lyon and Strasbourg.

The interlocking: PAI-SEI-NG
By Bertrand Guillot and Patrick Léon, Ansaldo-STS, Hitachi Group

The new interlocking scheme from Paris-Gare de Lyon to 
Vigneux includes the main (master) interlocking centre at Gare de 
Lyon and 3 remote centres. Safety is organised with a 2 out of 3 
architecture, hot stand-by.

The project actually started in early 2012 and lasted 5 full years 
until the commissioning on 18 and 19 March 2017. The product 
is SEI 2006 from Ansaldo-STS and it has included 8 evolutions for 
its parametrisation. 

A key benefit to getting the smooth implementation that has 
been achieved came from the simulation tool and the loading 
tool that have been used for the parameters, allowing the 
technical team to start working further ahead to prepare the 
software evolutions far in advance. 

Organisation of the commissioning
By Dominique Bergé, SNCF Réseau, Ile-de-France Projects 
Division.

The organisation of the changeover from the old generation 
Postes 1 and 2 to the new CCR and interlocking was made in just 
48 hours. This meant a huge organisation that started months 
before in order to achieve the result as smoothly as possible.

In total, 660 people were involved during the two main days of 
the commissioning plus equipment such as two large cranes (400t 
and 60t) to remove heavy old pieces of equipment like signalling 
gantries, and four road-rail vehicles. The commissioning 
document EN3225 was used as a reference. 

Three rehearsal days were necessary before “D-Day” to make 
sure all was correct: process, timing and access to the location 
for heavy equipment. Most pieces of smaller equipment were 
brought right beside where they were to be installed. At the end 
of the third rehearsal day, each agent had received his/her own, 
personalised file, validated, with any updates included where 
necessary.

Questions and Answers
Q: What about catenaries, power supplies, radio (GSM-R…) 
equipment?

A: GSM-R is used for signalling; for shunting, the existing 3RP 
radio received updates and new, specific links.

Q: About the interlockings and their locations, is there any 
backup solution in case failure?

A: It was explained that the main centre (to be visited in the 
afternoon) was at Gare de Lyon, with various sorts of possibilities 
to get local operation made in case of emergency such as a 
major failure in the main centre. Some complementary operation 
possibilities in case of a failure will be put in operation step by 
step in June-July. 

Q: What about the training sessions made?

A: Over 15,000 hours of training have been provided to the 
operation and maintenance teams. Over 150 staff have been 
trained already; a few more to come.

Q: What is the power supply redundancy?

A: Three independent sources are available.

A TGV passes between the original 1933 Thomson interlockings.
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technical Visits
The PAI (SNCF version of SSI with local adds) and SEI in 
Gare de Lyon
The PAI (Poste d’Aiguillage Informatisé; software-controlled 
interlocking) and the SEI (Système d’Enclenchement Intégré; 
integrated interlocking system used for high speed lines) were 
described and visited. This included the room hosting the 
computers, the relay and track circuit NS1 frames and the local 
terminals including maintenance terminals. The SEI’s 2-out-
of-3 redundant vital computer is located on a single rack within 
the main system cabinet and hosts all the interlocking logic. 
The rest of the system consists of object controllers hosted in 
other cabinets. The relay functions typically include interfacing 
the trackside elements (train detection by track circuits, points 
equipment and lineside signals). Adjacent to that, the sub-station 
and power supply room were also seen.

Completing the main centre for the interlocking, three PRCI 
(Poste à Relais à Commande Informatique; software-controlled 
relay interlockings) were seen in operation in the same area. 

The COE (Centre Opérationnel de l’Escale; operation 
centre for passenger supervision)
The COE is located close to the tracks 5-23 access platform. 
The COE is the service in charge of managing and following the 
passengers from their arrival at the station (by foot or from an 
arriving train) until they depart.

The COE manages all types of information including loud-
speakers and visual information of any kind. The ticketing 
including automatic vending machines as well as standard 
manned desks is also managed there. The COE is also 
responsible for managing trains when they are in the station 
until each train actually departs. This includes cleaning, catering, 
emptying the toilets, etc.

The personnel involved include the escale (station stopover) 
manager and three deputies: one making sure the trains are 
on time, one managing the interfaces with the customers (the 
passengers) and one for the passenger information system).

Vigneux CCR
Between Gare de Lyon and Vigneux, the IRSE attendees travelled 
on the RER Line D, tickets having been provided for those having 
no valid ticket or Navigo pass.

The vast CCR room was seen, which currently features:

•  5 working positions (‘row 1’) supervising:
o The service tracks.
o Tracks used by the TGVs from Gare de Lyon tracks 5-23 

until the entry to the LGV (Ligne à Grande Vitesse; high-
speed line) ~10 km from the buffers in Gare de Lyon.

o Tracks A to I in Gare de Lyon and their accesses.
o Tracks J to M.
o Tracks and all movements for trains to and from the 

depot in Villeneuve.
• The operation chiefs (‘row 2’) managing especially:
o Work trains and time slots allocated for works.
o Night activities with track put out of service.

Typically there are 20-30 work trains operating each night in the 
whole area.

With the MISTRAL interface, a wide range of configurations are 
made available. The CCR can also operate fully even if one or 
two work stations are out of order. In this case, some actions may 
have to be postponed. 

Vigneux CCR.

Gare de Lyon COE.
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A question was asked about the time between initiating a 
command and the route being actually established: the answer 
was 15-20 seconds. 

Apart from the main control room (the ‘control tower’), 
other rooms and installations were also visited including: the 
power supply and battery room; the telecoms room, the local 
maintenance and training room and its terminals.

Questions were asked about the training sessions made for the 
operators.

Each operator has been trained on average for 19 days in 4 
distinct periods:

• Period 1: seven days, using Nancy station track plan (Nancy 
is in the East of France). This training has been dedicated to 
learn the MISTRAL HMI. The intention in using the Nancy 
track layout in the beginning, rather than Gare de Lyon was 
to focus on MISTRAL and therefore avoid any comparison 
for the trainees between the track plan they know in Gare de 
Lyon and the future changes.

• Period 2: five days operating the Gare de Lyon future scheme 
in normal operating conditions.

Training room at Vigneux CCR.
• Period 3: five days learning how to manage a wide range 

of degraded situations and failures e.g. train out of service, 
signal out of service, track works, etc.

• Period 4: two days for final checks.
It was pointed out that the training room and its facilities allow 
trainers to replay all sorts of situations using recorded scenarios.

At the end of the technical visit, the SNCF and IRSE-FS 
representatives thanked the visitors and the SNCF presenters 
who were all very active during the afternoon.

The next IRSE-FS event will be a conference on 18 October, 
17:00-19:00, at ALSTOM Saint-Ouen HQ (Rue Albert Dhalenne, 
KAPPA building). Details will be provided later. The theme 
of the conference will be the Return-on-Experience after the 
commissioning period of the three new high-speed lines built 
in the frame of a public-private partnership and put in service in 
France in 2017:

• SEA - Sud-Est Atlantique from Tours to Bordeaux.
• BPL - Bretagne-Pays de la Loire from Tours to Rennes.
• CNM - Contournement (bypass) Nîmes-Montpellier.
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MIDLAND & NORTH WESTERN SECTION
Annual General Meeting 2017

Eur Ing tapas Kumar Haldar

This year the Midland and North-Western Section AGM was held 
at Baskerville House in Birmingham and sponsored by Network 
Rail, where we were made very welcome. 

We invited Nigel Murphy, from Winder Phillips Associates to 
share his knowledge and experiences on signalling systems 
based upon his 35 years of career mainly on operations. Nigel 
made an elegant and very interesting presentation with personal 
reflection on his career, operation and signalling system and 
provided thoughts for future system design. He titled his paper 
as ‘The History and the Future’. 

Nigel started his presentation by thanking the M&NW section 
and introducing himself and mentioned his interest about railway 
from his early age. At the age of 5¾, he visited Coleraine, 
Portrush, Queen’s Quay and Bangor signal boxes along with his 
grandfather who had recently retired as an S&T Inspector. He 
started learning about relays, phone noise, and the differences 
between a distant and stop signal and what ‘colour light’ signals 
were available during those days. Nigel showed some examples 
of ‘interesting Signals’ including one that no-one could identify!

As a student, he undertook summer vacation work in various 
operating roles and finally joined BR as management trainee 
during 1982-83 in the Cardiff Division. During his career, he 
held various senior positions such as area operation manager, 
operations safety manager, safety and standards manager, 
professional head of operational safety for Railtrack HQ, and lead 
for operations for the National ERTMS planning team; latterly 
working for Atkins in a variety of roles for 13 years. He was also 
associated with standards and educational work, for example as 
lead tutor for the train movement and control systems module for 
the Institution of Railway Operators (IRO) degree course, and was 
a member for several operations safety groups, including a spell 
on Signalling Principles Group. Nigel is currently a member of the 
IRSE education and professional development committee.

About thirty members came to participate in the M&NW section 
AGM and to listen to Nigel presenting his paper and they were 
not disappointed on what was a lively and informal talk with 
some more serious messages wrapped within the reminiscences. 
He explained six different themes which provided us the 
opportunity to think differently about how signalling and traffic 
management on regional and local lines might be handled.

theme 1: Low cost Signalling
Nigel reminded us that basic mechanical signalling system 
provided sustainable low-cost signalling systems and how cost 
effective simple economical signalling system for rural lines such 
as RETB (Radio Electronic Token Block), and NSTR (No-signalman 
Token Remote Crossing Loops) were not necessarily outdated nor 
should their replacement become dogma. 

theme 2: Local gives control- Local is better
He mentioned how devolution and creation of Transport Scotland 
(franchising), Transport for Wales, Rail North gave better focus 
on what train services are needed, better outcomes for users and 
better control than from a centrist approach.

theme 3: Local Delivers
This was a very interesting theme and the idea to involve 
local community, organisations to support their railway. As an 
example, Nigel quoted CRP (Community Rail Partnerships) lines. 
Community railways are managed to fit local circumstances 
recognizing the need to increase revenue, reduce costs, increase 
community involvement and support social and economic 
development. People care about their railway and about 3200 
community rail volunteers give 250,000 hours per year in support 
of CRP lines. CRP lines’ passenger number grew by 45%, 
compared with the regional sector overall, which only grew by 
23% (2006/7 to 2012/13).

theme 4: think out of the box, what can be done
Alliancing and collaboration with devolved decision making at 
local level will provide better outcome. He cited NYMR (North 
Yorkshire Moors Railway) and Network Rail co-operation to run 
through trains to Whitby.

theme 5: We have done it before and we can do 
it again
We have now a challenging economic environment. Nigel asked 
an open question to say whilst we have skills, competence and 
good track record on using mechanical signalling, RETB etc and 
why can we not harness that capability to think locally what is 
best for our regional and local lines?

theme 6: Brexit
The UK’s secession from the European Union (‘Brexit’) may 
remove an obligation to pursue ERTMS, which in any case may 
not be affordable for local lines so it is the right time to think 
economic solutions using the themes:

• Low cost.
• Think local.
• We have done it before so we can do it again.
• Think out of the box.

A question and answer session with a very interesting unusual 
quiz question – which no-one got right – concluded Nigel’s 
presentation session.

The vote of thanks was given by Peter Halliwell, M&NW section 
chairman for 2017-2018, who congratulated Nigel for such an 
elegant and interesting paper. The Section is grateful to Network 
Rail for providing the use of Baskerville House.

As with all articles in IRSE NEWS, the views expressed above 
are those of the author/speaker, and are not necessarily 
representative of the IRSE as a whole. What do you think? Do 
you agree with the points that Nigel raised? Do they apply on 
your railway? Let us know by writing a letter to our editor for 
inclusion in our Feedback column
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technical visit to the Great central Railway and Annual Luncheon
Report and photographs by Ian James Allison

The Great Central Railway (GCR) is a heritage railway located 
in Leicestershire, UK and is named after the company that 
originally built this stretch of railway. The GCR is currently 
Britain’s only double track main line heritage railway, with 
5.25 miles (8.45 km) of working double track, period signalling, 
locomotives and rolling stock. It runs for 8.25 miles (13.28 km) 
in total from the large market town of Loughborough to a new 
terminus just north of Leicester. Four stations are in operation, 
each restored to a period in the railway’s commercial history: the 
1950s at Loughborough Central, the Second World War and the 
remainder of the 1940s at Quorn & Woodhouse, the Edwardian 
Era at Rothley and the 1960s at Leicester North. The Section has 
previously visited this railway in July 2006 and June 2012.

The morning of Saturday 24 June 2017 saw some 24 members 
and guests arrive at Loughborough Central station bright and 
early, to be transported by the 09:30 diesel hauled service 
train to the Up Loop at Swithland Sidings. Upon disembarking 
the train by special arrangement, the group were greeted 
by Graham Bannister, GCR’s S&T Superintendent, who gave 
a detailed introduction to the site, along with a health and 
safety briefing. The visit then began with Tom Vickery and 
Shawn Saunders assisting Graham Bannister by acting as guides, 
allowing the group to be split into three and shown around 
in the limited time available. The three specific areas visited 
were the end of the Mountsorrel Branch, the signal box and 
relay room and signalling and telecommunications equipment 
located around the site. All visits were undertaken in a safe and 
controlled manner. 

The Mountsorrel Railway was built at the turn of the 20th 
Century to deliver stone from the Mountsorrel Quarries to 

Swithland Sidings. There, trains were marshalled and sent 
on to their destinations all over the country. The Mountsorrel 
Railway Project was devised and financed by Railway Vehicle 
Preservations Limited, one of the support groups of the GCR. 
The project has rebuilt the railway from Swithland Sidings as far 
as the outskirts of Mountsorrel, with stations being provided at 
Nunckley Hill (along with a yard area and Heritage Centre) and 
Mountsorrel. The branch was essentially intact but the track was 
lifted in the mid-1960s. The reinstatement of the line has gone 
ahead with ballast being donated from the quarry it once served. 
The total length of railway reinstated is 1.25 miles (2 km) and is 
operated separately with a train staff and the provision of two 
ground frames, No.1 controls the access to the line and No.2 
allows access to the yard at Nunckley Hill. The connection from 
Swithland Sidings is not yet through signalled, although there is 
dispensation from the ORR for a limited amount of through trains 
each year. It is planned to alter the signalling at a future date to 
allow the through running of trains once sufficient funds can be 
raised to pay for the required materials and equipment. 

The signal box at Swithland Sidings is originally from Aylesbury 
South. It is a Great Central Railway type five design built by the 
Railway Signal Company and opened in June 1908. The structure 
was provided to replace an 1890s-built Great Western Railway 
type five signal box located on the opposite side of the main line 
at the same site. The 45 lever GWR twist frame was recovered 
from the old signal box, and installed in the new signal box with 
10 hybrid levers to form the 55 lever frame. The mechanical 
locking was then converted into the GCR direct tappet locking, of 
which it still retains today. The re-modelling of the signalling had 
been undertaken in 1908 by GCR engineering staff, the signalling 
‘maintenance’ and overall responsibility, having passed over to 

Clockwise from top left: 
Graham Bannister briefing 
the group at Swithland 
Sidings.
The end of the branch at 
Swithland. 
Mountsorrel No1 Ground 
Frame.
The approach to the branch 
from Swithland with the 
main line on the left.
A selection of members 
and guests inspecting the 
Mountsorrel No 1 Ground 
Frame.
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that railway from the Great Western and Metropolitan Railways 
respectively, who had previously signalled the station.

Closure came on 24 November 1990 when control of trains 
passed from Aylesbury South to the new Marylebone Integrated 
Electronic Control Centre in London. Then began the twenty-
two years of demanding work in order to relocate and restore 
the structure and obtain, repair, repaint, construct and install all 
the required materials and equipment in a GWR style, in order 
to complete that GW&GC Joint Line feel. The signalling and 
telecommunications equipment was signed into use in the guise 
of Swithland Sidings Signal Box on the evening of Wednesday 
30 May 2012.

The recreation of the GW&GC Joint Line idea was the brainchild 
of Leicestershire Businessman and GCR supporter David Clarke. 
David was inspired from his summer holiday visits as a child, 
to an uncle whom had worked as a signalman on the southern 
section of the GCR which was also connected to the GWR. He 
approached the GCR Board in the late 1980s with his idea of the 
provision of double track between Loughborough and Rothley 
and the provision of a signalling installation in the style of the 
GW&GC Joint Line, of which he was once familiar. This idea also 
included the required financial support to make it a reality. David 
sadly died in 2002, having inaugurated the double track project, 
but he never got to see Swithland Sidings completed, which is a 
fitting tribute to him.

The group were able to see inside the signal box, with 
the duty signalman being most obliging by explaining the 
operation and demonstrating equipment were possible. Many 
compliments were passed to Graham, Tom and Shawn during 
the visit regarding the high standard of workmanship regarding 
the installed equipment, both in the signal box and relay room 
and the outside equipment, along with the other items being 
restored at Swithland for future developments. Upon departure 
from the Up Loop at Swithland Sidings by special arrangement, 
the group travelled to Leicester North station, before returning to 
Loughborough Central by the diesel hauled service train. 

Upon arrival at Loughborough Central, a further ten members 
and guests joined the group and boarded the first-class luncheon 
train, adorned with the nameboard ‘The S&T Engineer’ on the 
steam locomotive hauling the train, British Railways Standard 
Class 9F 2-10-0 No.92214. Just before the departure, the 
retiring Section Chairman Paul Toole, presented the brand-
new Chairman’s Trophy to Section committee member 

Clockwise from top left:
Members and guests outside Swithland Sidings signal box.
The immaculate locking room under the signal box.
The equally immaculate relay room next to the signal box.
A detailed view of the lever frame on the operating floor.
A view of the operating floor of the levers and diagram.
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Paul Darlington, for his enthusiastic support and services to the 
Section in the recent years in a presentation on the platform.

The luncheon train departed Loughborough Central at 13:00 hrs 
for Leicester North with the members and guests on board. The 
journey is full of interest with the natural landscape, Swithland 
Reservoir and the restored railway features along the line. An 
excellent three course meal with drinks was served during the 
journey. Just before the starters arrived, a raffle was undertaken. 
Whilst there were some smaller prizes, David Greenwell won the 
Fifty Years of Railway Signalling book and Matthew Adams won 
the 100 Years of Railway Signalling and Communications book. In 
total, £250 was raised and later presented to Graham Bannister 
on arrival back at Loughborough Central, towards future S&T 
projects on the GCR. All in all, an enjoyable day was once again 
had, by all those who had attended.

The Midland & North-Western Section would like to thank 
Graham Bannister, Tom Vickery and Shawn Saunders for their 
kind hospitality and the Great Central Railway for allowing this 
visit to take place. Graham sent the following response after the 
event:

“The Great Central Railway, Signal and Telegraph Department 
welcomed the visit by the Institution of Railway Signal Engineers 
Midland & North-Western Section.

It was a pleasure to show the members and guests around 
the signalling at Swithland Sidings, and share our interests in 
signalling and railways in general.

I hope all members and guests enjoyed their day at the GCR, 
and gained an insight into Heritage Railways. Visits like this help 
to forge a bond between different railways, companies and 
individuals.

I would like to thank the Institution of Railway Signal Engineers 
Midland & North-Western Section for their support of the railway, 
and thank them for the kind donation.

The money will be used in the repainting of Swithland Sidings 
signal box.”

Left, Paul Darlington (left) is presented with the brand-new Chairman’s 
Trophy by retiring Section Chairman Paul Toole (right) at Loughborough 
Central.
Above, The luncheon train, adorned with the nameboard ‘The S&T 
Engineer’ and hauled by British Railways Standard Class 9F 2-10-0 
No.92214 upon arrival at Leicester North.

The diesel hauled (Class 31 and Class 37) service train arrives in the Up 
Loop to collect the group after the site visit.



IRSE NEWS |  ISSUE 237  |  OctOBER 201734

YOUNGER MEMBERS SECTION
technical visit to Highgate Service control centre,  

London Underground
Vivich Silapasoonthorn – YM committee Secretary

On Wednesday, 21 June, 19 IRSE Younger Members convened 
at East Finchley Station in the sweltering summer heat before 
setting off to London Underground’s (LU) Northern Line Service 
Control Centre at Highgate (HSCC). Highgate is relatively new, 
commissioned in 2013 as part of the Jubilee and Northern 
Upgrade Programme (JNUP), taking over from Cobourg Street 
Control Centre.

Catering for 900,000 passengers a day, the Northern Line 
is one of London Underground’s most heavily used lines, 
meaning HSCC currently handles approximately a quarter of all 
passengers’ journeys on the entire network each day. Just as well 
the group arrived in between peak services.

The Highgate facility is obviously built with security in mind. 
Heavy duty automated road blocks guard the approach to the 
complex and bomb proof doors protect the Service Control 
Room itself. Nervously negotiating security, the group were met 
by Ian Hersey and Richard Nuckowski from London Underground, 
who had kindly given up their time to welcome the group and 
show us around the nerve centre of Northern Line operations.

Ian and Richard provided us with a presentation of the history 
of the ‘pre-upgrade’ Northern Line, covering the rolling stock, 
signalling system, infrastructure and service control centre (which 
used to be located at Cobourg Street). They then covered the 
Northern Line Upgrades, when the SCC was moved to its current 
location.

The upgrade programme was successfully completed using a 
‘One-Team approach’, where all parties (suppliers and London 
Underground) worked collaboratively towards a common goal, 
which resulted in a successful commissioning of the current 
Northern Line trains (the 1995TS) and Thales SelTrac S40 Moving 
Block Transmission Based Train Control (TBTC) Signalling System 
with full ATO/ATP across the line, all controlled from this modern 
Service Control Centre.

Richard led the group through the main control room, the bright 
adjustable lighting, temperature control and layout provided 
a fantastic ambience. It is obvious the team paid attention to 
detail in developing the environment. The signallers’ desks are 
positioned in a circle facing inward towards large LED screen 
with line overviews displaying the position, mode and number 
of trains over the entire line. The responsibility of signalling is 
divided between signallers based on areas of control. Richard 
emphasised that during periods of perturbation, the environment 

The IRSE younger members outside the HSCC.

Northern Line facts
One of the 11 lines on the London Underground, 
which is the oldest metro system in the world.

It is one of the oldest and busiest lines on the 
underground network and includes 50 stations 
(36 of them below ground) covering 58 km.

The layout involves two branches through 
Central London, three branches in the north and 
a further branch (NLE) planned in the south.

The line is used by more than 900,000 
passengers a day and more than 200 million 
passengers a year.

Hampstead station on the line is the London 
Underground’s deepest station (58.5 m below 
ground level).

The line also features the longest (27.8 km) 
tunnel in the underground network which 
connects East Finchley in North London and 
Morden (via Bank) to the south of the River 
Thames.
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allowed effective and efficient resolution issues due to the clear 
lines of communication, operational awareness and allowing 
signallers to assist each other by altering areas of control ‘on the 
fly’.

The group was then allowed to enter the main Signal 
Equipment Room (SER), where the majority of the central 
signalling equipment is housed. As is obligatory with all IRSE 
technical visits, the Younger Members contingent was eager to 
stare at the numerous 19” racks with a variety of blinking LEDs 
that could conceivably perform any function! Fortunately, Ian 
and the on-duty signalling maintainer were on hand to guide 
the group through the various components and their functions. 
Specifically:

• The eight Vehicle Control Centres (VCCs) and their data 
communication racks that provide the integrated function 
of interlocking and supplying movement authorities to the 
trains. Each is based on the same functional software with 
guideway data configured for its area of control. 

• The Automatic Train Supervision (ATS) computer racks 
housing the System Management Centre (SMC) servers and 
workstations that provide the regulation, data warehousing, 
external information interface and signalling terminal displays 
to the signallers on the neighbouring control floor. 

• The virus scanning machine, which in the modern climate of 
cybersecurity threats, is interesting to see. It is a standalone 
virus scanning PC, regularly updated and used to scan all 
media used to transfer data to and from the signalling system 
that is isolated from the internet and other TfL networks.

Finally, the group were shown the main training room that 
housed the Operational Simulator (OPSIM) used to closely mimic 
real operations. This training room is vital for the operational 

(new and current) staff as it provides opportunity for different 
operational scenarios to be role-played and practice to ensure 
that the control room staff are competent and fully trained for 
different emergency scenarios. Richard was keen to highlight that 
the system so closely mirrored the operational railway that it was 
regularly used to trial new timetables and investigate alleged 
issues.

Current and Future works on the Northern Line
Northern Line Extension (NLE). The work on this project has 
started to extend the line to Battersea, which will help regenerate 
the Vauxhall, Nine Elms and Battersea areas. Two brand new 
stations are being built at Nine Elms and Battersea Power 
Station. The main tunnelling works started in 2017, with two 
Tunnel Boring Machines (Helen and Amy) currently tunnelling 
beneath London. The upgrade is targeted for completion in 
2020.

Northern Line Upgrade 2 (NLU2). The works are currently on 
target to deliver a 30 trains per hour (tph) service on all branches 
of the Northern Line south of East Finchley and Golders Green 
by 2023. The programme includes power, signalling, track and 
infrastructure works, as well as the purchase of 17 new trains 
which will also support the new train service provided on the 
NLE.

The IRSE YM committee would like to extend their sincere 
appreciation to Ian Hersey (signal support engineering) and 
Richard Nuckowski (Northern Line service control manager), who 
have given up their time to show us around the Service Control 
Centre and to Bart Thomas (principal project engineer for Jubilee 
Line Upgrades of the World Class Capacity team) who initiated 
the contact and made this visit possible for the IRSE Younger 
Members.

Top, Richard Nuckowski 
explains the signallers’ 
workstations.

Right, A few scenarios 
were demonstrated using 
the training room.
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IRSE Exam Modules 1 and 7 Study Workshop
Michael Bastow and Dhanya Srivathsan

On Saturday 15 July 2017, a selection of budding signalling 
scholars from across the industry took part in the IRSE Exam 
Modules 1 and 7 Study Workshop held in Birmingham (UK). The 
event was organised by the Younger Members (YM) section and 
was generously supported by Atkins (now a member of the SNC-
Lavalin Group). The workshop focused on two modules: Safety of 
Railway Signalling and Communications (Module 1) and Systems, 
Management & Engineering (Module 7).

The emphasis of this year’s workshop was on signalling and 
telecommunications, as part of the wider railway system. 
Participants were encouraged to think outside the ‘signal’ box 
and took part in an interactive and engaging exercise, developed 
by David Nicholson and Peter Woodbridge. The exercise 
involved a loop-like layout with an adjoining branch line and 
associated ancillary features, such as bridges, tunnels, stations 
and a level-crossing. Participants were tasked with proposing 
a method of signalling for the layout to facilitate; at first, a 
passenger-only service of three trains per hour – then an hourly 
freight service was added to the mix. Proposals were developed 
in small groups before being shared with the wider group, while 
the experts were on hand to provide their insights and feedback. 
There were some creative ideas, such as reversing traffic around 
the loop and redesigning the entire junction! Within their 
proposals, the groups had to consider: the involvement of other 
disciplines and changes that may be required in their domain, 
any risks and mitigations and a process to determine if the 
method of working was acceptable.  

For the remainder of the day, delegates could choose between 
sessions focused on the two separate modules. During these 
sessions, past exam questions were reviewed and discussed, 
with delegates encouraged to share their thoughts and opinions, 
supported by the expertise of both David and Peter.  

The day closed with a final session on Continuing Professional 
Development (CPD) from Judith Ward, IRSE Professional 
Development Manager, where she also shared some useful 
exam preparation tips and valuable study resources such as IRSE 
Knowledge Base and the IRSE Exam Forum. 

Thanks must go to Atkins (now a member of the SNC-Lavalin 
Group), who kindly sponsored the event. A special thank you 
must also be given to IRSE Member John Gardner who provided 
us with a high-quality venue after the original venue fell through 
and helped facilitate on the day. Thank you also to Dhanya 
Srivathsan for organising the day; Jeremy Ricketts for coming 
along and sharing his knowledge and experience; Judith for her 
helpful tips; and David and Peter who, once again, gave up their 
time to put together an interesting and enjoyable workshop for 
the Younger Members.

Nida Ali, who participated in the workshop, said: “Overall, I 
think it was a very useful session for anyone taking the exams 
this year and it has definitely put me in a better place to take the 
exams.”

Above left, the workshop attendees.
Above, deep concentration during a workshop 
session.
Left, Thomas the Tank Engine and Friends play 
an important role in preparing candidates for 
the IRSE Exam.

In next month’s issue, look forward 
to our coverage of the IRSE Exam 
Modules 2 and 3 Study Workshop at 
Signet in Derby.
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PAST LIVES

Thank you Ian James Allison....
Ian James Allison, the previous Managing Editor, has played an 
unparalleled role in bringing IRSE NEWS to where it is today. 
Since the time of my joining IRSE, as a young member in year 
2010, I have noticed several changes in IRSE News magazine 
with the richness of technical content and the quality of the 
publication only improving month by month. It feels surprising 
that Ian is now passing the baton as he has been at the helm of 
IRSE News from time immemorial and he has been exceptionally 
good at bringing IRSE News, edition after edition. For me, IRSE 
News has been extremely special as it has been my source 
of keeping pace with S&T industry and technology in the last 
several years. I have always looked up to each edition of IRSE 
News with utmost curiosity and inquisitiveness. 

Edward Owen Goddard  
BSc MSc CEng FIRSE FIET MCIT
Joined IRSE 1966; Member 1978; Fellow 1983; President 1996

Eddie Goddard started his career with London Underground 
(LU) in 1963 in the Signal Department as a trainee and studied 
telecommunications and systems engineering at Surrey 
University. 

His initial challenge was to make the then Victoria Line Driver 
to Controller communications system work reliably. He went to 
work in installation (Victoria Line), development (early computer-
based signalling control systems), design management and 
maintenance. He worked under the legendary Robert Dell and 
progressed to lead the whole Signalling and Communications 
Department of LU in 1989.

His focus was not only on the UK; he also undertook 
international assignments in the safety assessments of computer-
based train control systems in Canada and Austria. By the time of 
his Presidency of the IRSE in 1996, he had chaired International 
Committees as well as becoming a member of the IRSE Technical 
Committee. Jacques Pore recalls “Eddie was interested in so 
many things, a real expert in railways and metros especially”. 
It wasn’t all technical though, Eddie also had other interests, 
Wim Coenraad recalls benefiting from a friendship which started 
at the European Rail Research Institute committees, “I would 
never have been introduced to the concept of drinking a ‘proper 
beer’ when in the UK if not for him.” 

Eddie’s career extended further in LU, taking on the post of 
trains systems engineer, overseeing the delivery into service of 
the Jubilee Line Extension and then the head of engineering for 
LU during the Public Private Partnership (PPP) years and finally 
retired from LU in 2010. Even then his career was not over and 
he remained an active member of a number of consultancies, 
guiding their staff (as he had many of us previously in LU) 
and passing on his considerable experience. Martin Fenner 
(SMC Lavalin) recalls “He was always available to support the 
development of younger engineers and many consider Eddie a 
mentor figure in their careers. We often talk about standing on 
the shoulders of giants in our industry, and Eddie was certainly 
one of those giants.”

Eddie Goddard. 

Be it covering the international conventions of IRSE, events 
from different regions, membership matters or publishing 
relevant and key technical articles, IRSE News magazine has been 
written thoughtfully and edited precisely. It has created an active 
audience base across the world.  Today, IRSE News is a global 
S&T magazine and it can be seen from the diversity of content it 
publishes every month. Back in 2010, the articles were primarily 
representing the railways in United Kingdom whereas today they 
cover railways in South Africa, Australia, India, Hong Kong, USA, 
China, Indonesia, Japan and many more. All this is testimony to 
the openness of Ian James Allison, the Managing Editor and his 
able team who have succeeded in acknowledging the imminent 
changes in railways across the globe and the growing global 
readership of this magazine. I am sure Ian will continue to be 
visible to all his global colleagues of IRSE across the world. 

Best wishes, on behalf of IRSE India Section.

Nikhil Swami, Vice Chairman, IRSE India

In recent times, his contributions to the industry (as an expert 
panel member on Crossrail) and to the IRSE continued, although 
his mobility was becoming more and more difficult as his health 
suffered from an on-going battle with cancer. His enjoyment 
always came from the technical challenges that railways bring 
and especially high capacity metros, and he was still at his most 
engaging on these subjects almost to his last day.

His contributions to railways and the metro industry has been 
immense – an early practitioner in the safety assessment of 
software through to championing Practical System Engineering. 
He guided many young (and some not so young engineers) in 
their engineering careers (including the author) and has left us 
with a great legacy in the metro in London which has met so 
many of the challenges he foresaw and overcame. 

He is survived by his wife Anne.

George Clark

FEEDBACK
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MEMBERSHIP MATTERS

Current Membership: 5237

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

FELLOW

AFFILIAtE

tRANSFERS
MEMBER tO FELLOW

Dimelow A J Siemens UK

Rana A K Network Rail UK

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

RE-INStAtEMENtS

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

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

ASSOcIAtE MEMBER tO MEMBER

Atlas F D Benito Roggio 
Ferroindustrial

Argentina

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

ASSOcIAtE MEMBER

Tjioe H and Vincent L.

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

Consultants
Australia

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

Consultants for T’portation
Japan

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

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

AccREDItED tEcHNIcIAN
Mendez Tovar I ILF Consulting Engineers Mexico

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

AFFILIAtE (cONtD)

AFFILIAtE tO ASSOcIAtE MEMBER
Grimes D E SNC Lavalin UK

AccREDItED tEcHNIcIAN tO ASSOcIAtE MEMBER
Round R Atkins UK

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

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

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