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NEWS view 238
Is ATO fashionable?

Recently, I have 
been asked by 
the President 
of the Swiss 
Railway Journalist 
Association to give 
a paper about 
why it is suddenly 
fashionable 
to aim for 

Automatic Train Operation (ATO), when 
the mainstream opinion used to declare it 
unreasonable, together with the technical 
progress which now makes the initiative 
possible.

I came up with an immediate answer 
for him: ATO, even Grade of Automation 
(GoA) 4, is not just technically possible, 
but the state of the art in metro and similar 
systems. He found this interesting, but not 
the answer he was looking for. Instead, 
he wanted to know why real railways, like 
Schweizerische Bundesbahnen (SBB), 
wanted ATO. I said, “SBB is a main line 

railway, there things are slightly different” 
and scratched my head. Then I explained 
to him the different GoAs. Again, he 
found this very interesting, but reminded 
me that I still owed the real answers to his 
questions.

The paper is now ready and includes 
the signal engineer’s answers, technical 
progress in IT and telecommunication, 
continuous ATP, localisation and obstacle 
detection devices, to name a few. 
However, this is the least interesting part 
of the paper. The more interesting parts 
are: which ATO are we talking about, what 
are the goals, and what about ’the cow on 
the track’?

Regarding the first subject I found about 
a dozen different expressions in the Swiss 
news of the past months, all describing 
ATO. But which ATO? In this respect, the 
definitions of GoAs are very helpful to 
clarify the language, but no one has done 
it properly so far for the public.

On the second theme, I found the 
interesting citation “Don’t just automate 
something because you can, automate 
it because you should”1 criticising the 
backward approach of “using human 
beings as safety nets or backups to 
computers” in plane cockpits. If we 
don’t aim at GoA3 – or leave ATO alone 
altogether – then we would go along the 
same route, running into those safety 
problems caused by bored pilots/drivers 
who are not alert when urgently needed.

Let’s talk about the cow issue another 
time.

Much has been thought about the 
technical feasibility of ATO in main line 
railways, not enough about its goals and 
the implications on society. In my opinion, 
the latter is also part of our job!

markus montigel
Senior vice President

1. Maria Konnikova, “The Hazards of Going on 
Autopilot”, in The New Yorker, 4 September 2014
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Railway technology isn’t all about 
capacity. For many long, thin lines, like 
Mount Isa line in Queensland Australia 
pictured on the cover of this month’s 
IRSE NEWS, the business case for 
upgrade may well be based on the use 
of communication-based train control 
with very few visible lineside assets, with 
cloud computing at the core. Currently 
there is a mix of technologies along the 
route, in an environment that moves 
between extremes, sometimes being so 

hot that trains are stopped due to the 
risk of rail buckling, sometimes on a new 
alignment after a deluge of rain on black 
soil. The assets include rainfall monitors, 
video cameras monitoring river levels, rail 
temperature sensors, dragging equipment 
detectors, automatic train protection, fibre 
optic transmission, radio communications, 
hundreds of level crossings and yet hardly 
anything visible at ground level for the 
majority of the route.  
Photo John Aitken.
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DISRUPTIVE INNOVATION

Much has been written about railway signalling. Anyone who 
wants to understand the history of signalling, its current use and 
the various methods of operation across the world will find a 
huge resource available in libraries and on the Internet.

It is also very easy to find papers and commercial websites 
setting out the principles of modern and future signalling systems 
which exploit digital technologies. Anyone searching the Internet 
for information on future signalling systems will be directed 
towards pages about CBTC and ETCS. However, whilst there is 
much written about disruption caused by signalling, there is little 
to be found on the disruptive innovation within the signalling 
industry and how this is driving advancement and improvement 
to meet societal and customer needs.

Whilst the need for a signalling system is very clear and can 
be written very succinctly, the rules and standards associated 
with signalling have become extremely complex over time, 
as industry has sought to improve functionality, reliability and 
performance. As such, I am sure many readers of this paper will 
have heard signalling described as a ‘dark art’. The fact that we 
need a system where the output functionality is so simple is best 
expressed in the UK’s Railway Safety and Standards Board (RSSB) 
guidance note, which provides a glossary of signalling terms. 
In 66 pages and running to 24 123 words, it provides useful 
guidance on many (but I suspect not all) of the terms used in 
railway signalling. However, one of the simplest definitions in the 
document is that for signalling itself which in just 20 words states:

“Signalling System – A series of electrical, electronic, electro-
mechanical units brought together to form a system which 
controls the safe movement of trains.”

If we move from the RSSB to Wikipedia we find that railway 
signalling is similarly and simply defined as:

“Railway signalling is a system used to direct railway traffic and 
keep trains clear of each other at all times.”

This primary function, to provide a safety system to prevent 
collisions between trains, has existed since railway signalling 
systems were first adopted in the 1830s. Technology 
development has supported signalling systems allowing greater 
sophistication and functionality as we have moved through 
manual, mechanical, electro-mechanical, and electrical to 
electronic systems. With each technology stage, the signalling 
system has allowed the train operator to make more use of their 
physical infrastructure by increasing safety performance and 
allowing more use of physical assets. The emergence of digital 
systems and computer techniques has now provided additional 
support to the operator by providing intelligence in the signalling 
system. Starting with electronic train describers and automatic 
route setting, we have now progressed to automatic train control 
and sophisticated traffic management systems.

So I would add that a secondary function of the signalling 
system is to provide operational and management support 
to maximise the use of the rail network and support efficient 
operations.

Rather than referring to railway signalling, industry is starting to 
refer to ‘train control’ and ‘traffic management systems’, which 
I believe more accurately describe both the primary and the 
emerging, secondary functions of the systems.

The train control dilemma – how will disruptive 
innovation impact the railway industry’s train 
control and traffic management systems?
Stuart Calvert
Head of early contractor involvement – Digital Railway, Network Rail, UK

This, the second paper in the presidential programme 
2017-18, was presented in London on 12 October 2017.

Network Rail is investing in a range of initiatives to use new technology 
to unlock capacity on the UK network. London Bridge station, shown 
below is one area to benefit from this investment. Photo Network Rail.
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This paper does not seek to look at, discuss, or predict future 
developments of the technical systems which support train 
control and traffic management; these issues are well covered 
elsewhere in IRSE technical papers, academic articles and 
corporate company literature. It also assumes that the rapid 
development of sophisticated digital technologies will continue 
and there will be many opportunities to use these to provide 
train control and traffic management systems with ever-improving 
functionality and performance.

Rather, the paper considers the train control dilemma, namely:

Why, with dramatic technological developments which have 
enabled almost everyone to be able to afford a device that 
they can put in their pocket which has the processing power 
of a 1970s super-computer, are we seeing a dramatic and 
unsustainable rise in the cost of deployment of modern digitally 
based train control and traffic management systems where the 
primary function can be simply defined?

What is the real problem we are seeking to address, and 
how will disruptive innovation impact on the development, 
deployment and use of train control, traffic management and 
associated systems?

Today’s problems
With around 20 000 miles of track in the UK, there is an ongoing 
and continuous need to maintain, renew and upgrade the railway 
train control and traffic management systems. In addition, there 
remains significant growth in demand for rail use. The UK has the 
fastest growing rail network in Europe; Britain’s railway carries 
twice as many passengers as it did just two decades ago. Many 
key routes are overcrowded, not just in London but in cities 
including Manchester and Leeds. 

Nearly a quarter of all commuters travelling into London are 
reported as standing. If passenger growth in the next twenty 
years matches growth in the last twenty, there will be a billion 
extra journeys by 2030. At the same time, the network needs 
more space for freight trains, which shift goods to the value of 
£30 billion annually with a 76% carbon dioxide saving over road 
alternatives. Traditional options cannot deliver on the scale our 
economy demands, and schemes like Crossrail and HS2 are vital 
to help meet this increased demand in key economic hotspots. 
But nationally, traditional options like building new tracks or 
extending trains and platforms, will not, on their own, deliver the 
space for the extra trains we need. 

A modern digital train control and traffic management system 
is needed to increase the capacity and availability provided by 
the existing, expensive physical rail infrastructure assets. This is 
because digital train control and traffic management systems 
offer capacity and performance improvements sooner and at 
lower cost than traditional enhancements, and avoid disruptive 
conventional works.

However, the UK has also seen a significant increase in the costs 
associated with conventional and digital train control and traffic 
management systems. Rising costs in signalling project delivery 
weaken the business case for investment and make many projects 
needed by operators unaffordable.

The problem that emerges is thus threefold. Firstly, we need 
a train control system as it is the primary operational safety 
system which prevents trains colliding. Modern digital train 
control and traffic management systems can support the demand 
for growth in the UK rail industry by optimising capacity and 
availability from physical rail infrastructure, minimising the need 
to undertake hugely expensive and disruptive civil engineering 
work. Secondly though, significant increases in the costs of 
deploying conventional and digital train control and traffic 

management systems are weakening the business case for 
investment and in some cases making projects unaffordable. 
Finally, this is underscored by the fact that other industries are 
seeing the adoption and use of modern digital solutions having 
the opposite effect to that in rail, dramatically reducing costs 
whilst providing significantly improved functionality.

These issues can be summarised into the following problem 
statement:

How can the use and adoption of modern digital systems 
reduce costs at the same time as improving functionality and 
productivity, ultimately providing a better experience for rail 
customers and other industry stakeholders?

I contend that much of the focus of the industry has been on 
using technology, where it has developed, to merely replace 
older versions of the same technology. An example of this is 
computer based interlocking, replacing first generation solid 
state interlocking, which in turn replaced relay interlocking as 
a follow-on from mechanical interlockings. As a consequence, 
whilst improvements in the technology are made, the solution 
remains a costly one.

The ERTMS website provides a plethora of information on the 
history and development of the European Train Control System 
(ETCS). Its history can be traced back to 1989 and yet now in 
2017 in the UK, we have one pilot scheme on the Cambrian 
Line and two small—albeit very important—schemes which will 
support the Thameslink and Crossrail projects in London.

I would ask the reader to consider what developments have 
taken place in the aerospace and automotive industries since 
1989 and contrast them with rail. Autonomous vehicles are 
now a reality, and trials for platooning heavy goods vehicles are 
planned. Space X, the space transportation company founded 
by the entrepreneur Elon Musk, identified that a significant cost 
was associated with the requirement for an orbital rocket which 
was expended after each launch at a costs of tens or hundreds 
of millions of dollars. They have now successfully developed an 
orbital rocket which can return to earth and be re-used.

Consider also the cost and functionality of the car compared to 
one bought in 1989, and contrast this with what the rail operator 
gets with their train control and traffic management systems. As 
an industry, we have turned a blind eye to the rapid adoption 
of technology elsewhere which provides significant benefits for 
customers and stakeholders.

Today’s problems faced by the railway industry are therefore 
heightened by the fact that technology developments across the 
industry have not sufficiently reduced cost, whilst other transport 
industries have managed to meet this challenge. It is at this point 
that ‘disruptive innovation’ should be considered.

Disruptive innovation
We often hear the term “disruptive innovation”, but what 
does it really mean? Professor Clayton Christensen of Harvard 
Business School coined the term during his research into 
the disc drive industry. This was included in his book, “The 
Innovator’s Dilemma” published in 1997. His theory explains 
the phenomenon by which an innovation transforms an existing 
market or sector by introducing simplicity, convenience, 
accessibility, and affordability, where complication and high cost 
are the status quo. Christensen has also been quoted as saying:

“Technology typically is rarely inherently sustaining or 
disruptive; it depends upon how you deploy it in the market 
place that determines its disruptiveness.”

We should therefore be unsurprised that technology 
development on its own has not resulted in a reduction in costs 
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or an increase in functionality within the rail industry. It is in 
large part due to the highly regulated nature of the industry 
and the lack of alternative disruptive forces. It is also in part a 
result of trying to address the wrong question. This has now all 
changed. The disruptors to rail travel are now very clear. With 
the growth of developments such as smart motorways and 
autonomous vehicles, supported by disruptive technology, we 
are seeing a continual reduction in costs alongside increases to 
functionality. Major advantages for rail travel over other modes 
have traditionally been the greater level of safety and security, 
the ability to do things whilst travelling (work, relax, or eat), the 
relative predictability and reliability in service and the additional 
environmental and efficiency benefits. Smart, autonomous 
electric vehicles are eroding all rail’s benefits in these areas, 
and this is driven by the disruptive innovators supported by 
technology.

So how can rail respond? First of all it needs to address the 
correct problem. I think rail has an ongoing part to play as part of 
a smart mobility system where its ability to provide fast, safe and 
bulk transport of people and goods with efficient land use to the 
heart of cities is a key issue. However, to do so it must address 
the issues set out in Christensen’s theory. It has to address and 
introduce greater levels of simplicity, convenience, accessibility, 
and affordability, whilst addressing the inherent complication and 
high cost.

In the UK, the Digital Railway programme has the opportunity 
to be the catalyst for this lasting, whole-industry transformation 
of railway operations. With digital train control and traffic 
management at its heart, it can revolutionise train performance 
and the customer experience of rail passengers and freight 
users. In addition, advanced digital technologies can be used to 
transform business planning, from strategy development through 
to timetable production; and modern methods of project and 
engineering management can transform project delivery using 
automation and robotics. The technologies on their own cannot 
make these changes. They are enablers, which can only be 
exploited by a committed programme of transformation, driven 
by excellent leadership to attain a clear vision which recognises 
the need to have complementary programmes to address 
personnel needs, skills, data management, telecoms, and 
supportive commercial and project management relationships.

However, the stubborn, conservative approach currently 
displayed by the rail industry is more in line with what 

Christensen describes as a ‘sustaining innovation’ – changes that 
only build upon the current market without creating a whole new 
approach, a context also seen in health and education. This has 
the risk of ever increasing investment driving higher costs and 
lower productivity.

We therefore need to create an environment which will allow 
disruptive innovation to thrive within the sector. This must be 
driven and enabled by Government and its system operators. 
It will require first class leadership and will need to attract the 
most able talent to plan and implement all programmes of work 
required. To enable this, significant changes will be required in 
the organisational structures and supplier relationships to ensure 
all of the opportunities are exploited. Christensen would argue 
that there are some key steps that must be taken to allow this.

• Understand your problem before giving the solution.
• Make sure you really have the correct primary problem up 

front. For example, is an interoperable train control system 
more important than having systems that allow rail travel to 
be affordable and accessible?

• Don’t argue about the outcome. Find the ways to enable it 
to happen. I think everyone would agree we need greater 
functionality and lower costs from our train control and traffic 
management systems.

• What assumptions have to come true to meet the outcome? 
Do not assume a miracle will happen. Define and implement 
the enablers that will allow disruptive innovation to succeed.

• Sustaining innovations such as those in health care, education 
and rail, where there is a high degree of regulation and 
significant barriers to entry, will always see technological 
investment resulting in higher costs. Cost control and 
reduction will only be achieved where disruptive innovators 
are allowed to thrive and grow to create a challenge.

This has the potential to be the most important and exciting 
whole-industry transformational programme to be undertaken 
by the UK rail industry, comparable to the modernisation plan of 
the 1960s and the restructuring and privatisation of elements of 
the railway in the 1990s. Success will also be a significant benefit 
for UK industries as a Digital Railway pioneer which can stimulate 
growth throughout the UK and create export opportunity.

The Network Rail Digital Railway programme has been running 
a programme of Early Contractor Involvement (ECI) with both 
traditional and non-traditional suppliers. The programme has 
been exploring many of the challenges described above through 
dedicated work streams, each tasked with a simple problem 
statement. The findings from these work streams have identified 
a series of opportunities which I call ‘disruptive enablers’ and 
‘disruptive technologies’, and describe more fully below.

Disruptive enablers
To move the industry from an environment of sustaining 
innovation to disruptive innovation will require a number of 
enabling actions. If we consider that the delivery of projects 
depends on people, products, processes, systems, and 
organisations linked through commercial relationships, it is these 
issues that need to be reviewed in terms of enabling innovation.

One of the most critical issues concerns development and 
acceptance of new products and systems.

Product acceptance has been seen as a major barrier to 
innovation in the UK, and client supplier and regulatory bodies 
will need to work together and import best practice from other 
safety critical industries to implement a product acceptance 
and assurance regime that is flexible and effective, but can deal 
with rapid deployment of new hardware and software safely. For 

Provision of accurate passenger information is just one element of the 
future smart mobility system.
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example, a great deal can be made of simulation, rather than 
operational trial and acceptance.

The following is an extract from the ECI team reviewing product 
acceptance, which identified a number of future industry best 
practice approaches.

“With digitisation impacting all engineering domains, there is 
increasing pressure on Product Acceptance to keep up with the 
pace of change without compromise to the continued safety of 
the rail network when disruptive new technologies are proposed.

“The move to the digitalisation of services introduces new 
threats and opportunities to the environment: threats such 
as cyber security and “single point of failure”, which need to 
be addressed; and opportunities in terms of faster and better 
availability of information leading to better decision-making.

“In terms of Product Acceptance, the objectives for Digital 
Railway are:

• Accelerate, simplify and streamline the introduction of 
products
o moving towards an industry best practice
o enabling innovation

• Improve supply chain resilience
o fewer parts to manage
o more supply options

• Fostering a culture for innovation
o evolution vs revolution

“Adoption of systems thinking approaches; Form, Fit and 
Function, Specification of Technical Requirements, Measures 
of Success and Lines of Development all offer significant 
opportunity to improve the quality and consistency of the 
Product Acceptance process. Digitalising the process and 
integrating these functions into the Product Acceptance process 
will manage this complexity and ensure the process is simplified 
and streamlined.

“Digital technology for the railways is at the rapid and 
disruptive stage of the innovation life-cycle. Therefore, Human 
Factors will be key in dealing with entrenched behaviours and 
in the realisation of an innovative and pro-active culture. Strong 
leadership from the top and clear communication of change will 
be crucial to ensure that all stakeholders are working towards the 
same strategic goals.

“Implementing Form, Fit and Function will help Digital 
Railway to ensure that the ‘What?’ and ‘Why?’ of new disruptive 
technologies are clearly understood as opposed to just the 
‘How?’ This will mean that applications for new products can be 
vetted more accurately, prioritised and the process streamlined 
to meet the needs of the end user: to enable more trains and 
greater reliability.

“A reliance on pre-defined standards is restricting opportunities 
for innovation. The adoption of Specification of Technical 
Requirements represents a structured way of ensuring that when 
requirements are specified there is a feasible verification and 
validation (V&V) path. A failure to plan V&V has been a root cause 
of significant delays and cost escalation when the proof of safety 
of a product is subsequently applied.

“In terms of managing the implementation of new products, the 
application of “Measures of Success” could offer a much better 
means of project control than traditional time-based monitoring 
techniques. The adoption of Technical Performance Measures 
would be a more accurate means of assessing the progress that a 
product has made towards acceptance.

“The Product Acceptance process currently focuses on safety; 
however, the process should look wider not just at reliability, but 
take a system of systems approach to consider the overall impact 
of adopting a new product on the maintainability and availability 
of the rail network. The application of Lines of Development 
would be a useful tool to help the Product Acceptance team 
expand the scope of what is evaluated in a structured and 
evidence based manner.

“In terms of fast-tracking the process, the Digital Twin concept 
will be an essential stepping stone in order to move to digital 
“Simulation Driven Product Acceptance” and reduce the need 
for running physical trials.

 “Given the increasing impact of software enabled capability 
on the rail industry, Obsolescence Management emphasises the 
importance of understanding technology trends (particularly 
software trends) and ensuring that the rail industry’s technology 
roadmap is aligned accordingly. This is of key importance for 
software as this industry is still evolving at a rapid rate and the 
rail industry will never be able to control the direction that the 
software industry will take.

“In summary, streamlined processes underpinned by workflow 
and virtual testing would pay huge dividends. Furthermore, 
appropriate Systems Engineering approaches have the potential 
to deliver a step-change in performance.

“The following approaches would appear to offer the greatest 
benefit:

• Culture, Behaviour and Leadership with the introduction of a 
Technology Advocate as thought leader and to introduce an 
inquisitive culture.

• Systems Engineering:
Form, Fit and Function to facilitate product introduction 
and acceptance and to focus product innovation where it 
counts.
Specification of Technical Requirements (SoTR) 
approaches to improve the introduction of new and 
innovative systems.
The application of Lines of Development (LoDs1) 
to help the Product Acceptance team to deliver a 
more comprehensive evaluation, including reliability, 
maintainability and, most importantly, system availability.

• Digital twin to minimise the need to trial on live systems, 
underpinned by the introduction of a Rail Industry Approved 
Parts library.

“Underpinning the delivery of these industry best-practice 
approaches will require the application of effective change-
management strategies which must be led from the top. After 
all, the success of these measures will depend to a great 
extent on the people entrusted with the application of these 
processes The extent to which they believe in the effectiveness 
of these initiatives and have the support of top management will 
determine the success of the change initiative. As has often been 
said, people need to feel a part of the change process and not 
subject to it.”

Further, we need to consider people. The IRSE runs a thorough 
and excellent licensing programme for railway signal engineers 
covering design, installation test and management. However, we 
must consider what is appropriate in a digital world. The IRSE can 

1. Originating from the UK defence domain, the purpose of LoD is 
to ensure that all aspects of a new product or initiative have been 
considered and that appropriate provision has been made to ensure 
a successful introduction. The aspects to consider include training, 
equipment, personnel, information, principles, organisation, infrastructure 
and logistics.
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take a lead by considering, “What is an appropriate competence 
licensing regime in a digital world that wishes to drive and foster 
innovation?”

Finally – and critically – industry commercial structures need 
to change to allow companies and people to reap the reward 
from the time and investment made in products, processes and 
training to support the innovation.

Clients need to explain their requirements as outputs. Typically 
though the industry is built on very detailed technical input 
specifications. This inevitably stifles innovation, acts as a 
significant entry barrier to innovators and adds unnecessary costs 
and time to project schedules. We need to prioritise a focus on 
outputs rather than inputs, which will benefit both our clients and 
industry.

The Digital Railway ECI programme made a very clear 
recommendation in this area.

“The work stream assessed how the suppliers, customer and 
end-users could improve how they currently work together 
in order to deliver the next phases of the Digital Railway 
programme. The assessment found that the current ways of 
working are not sustainable. The report highlights that there 
are immediate challenges in the ways of working that will 
impact the ability to deliver the Digital Railway. The suppliers 
considered the challenges that emerge through each stage of 
the solution lifecycle from product development to operate and 
maintain, with some additional consideration given to key factors 
such as contract model and business change. Based upon the 
broad experience of the supply chain in GB and abroad across 
numerous sectors are the following recommendations:

• Early engagement between the suppliers and the end-users;
• Long term commitment to large packages of work for the 

supply chain;
• Transformation of Industry procurement behaviour;
• Procure whole life, outcome based programmes;
• Collaboration is key;
• Simplification of the customer-supplier relationship.”

However, it is absolutely essential to recognise that innovative 
change will only come from giving access to, and adopting the 
best solutions that come from, all companies and individuals. 
Success will depend on companies that are large and small, 
national and international, established in the signalling market 
and new entrants.

Disruptive Innovators need to have access to markets, and smart 
clients (including infrastructure operators, technology companies 
and system integrators) will need to create an environment that 
accepts and rewards these companies and individuals.

Disruptive technologies
So where can disruptive technologies create the greatest impact 
in transforming industry? To recap Christensen’s statement, 
“Technology typically is rarely inherently sustaining or disruptive; 
it depends upon how you deploy it in the market place that 
determines its disruptiveness”. I believe it is equally true that 
the greatest impact that can be made in train control and traffic 
management systems is not in the hardware and software that 
make up the systems we use, but in the way in which we deploy 
them.

The systems provided are both on board trains and on the 
infrastructure, both wayside and remote. Significant opportunities 
exist in both areas to look at disruptive solutions.

Trainborne equipment
Having a fleet of trains fitted is clearly a major enabler in moving 
to an ETCS Level 2 without signals, or equivalent signalling 
system. In a complex multi-operator, mixed traffic railway such 
as the UK, early schemes will require a significant existing fleet 
to be retro-fitted with trainborne equipment; or entirely new 
fleets, built with equipment pre-installed, will be required. The 
cost and time taken to retrofit train fleets is a major issue. In 
the automotive industry, development of on board systems 
to manage and control autonomous vehicle movement has 
developed rapidly and whilst there are obvious differences, 
consideration must be given to what lessons can be learned from 
automotive and passed to rail. The key challenges a disruptor can 
and will look at are:

• The overall cost of providing on board systems for train 
control.

• Standardisation of data buses, cabling, connectors and 
protocols for on board systems.

• Miniaturisation, housing and power demand for on board 
systems.

• The use of standard industrial and retail products for on 
board applications including PLCs and tablet devices.

For example, could a tablet-based connected driver advisory 
(CDAS) system be a perfectly acceptable functional solution? 
In the marine world, Automatic Identification Systems (AIS) 
are widely available in a range of forms including on iOS and 
Android devices.

Even in these basic forms they provide a great deal of 
functionality and enhanced safety for the mariner, although they 
are not a primary safety device.

Infrastructure based systems
Modern digital train control and traffic management systems will 
still require a significant (but reducing) amount of equipment to 
be infrastructure based. The most significant challenges to the 
engineer and opportunities for disruptive innovation surround 
the cost and disruption of installing and maintaining the new 
systems. If we consider the value chain for a modern train control 
and traffic management system, the cost of the equipment and 
software is a very small percentage of the overall total installed 
cost. The disruptor will be considering the following questions.

“Can a train control and traffic management system be 
installed and commissioned with no (or minimal) trackside 
attendance by personnel, improving both safety and 
disruption to rail customers?”

New train fleets come with ETCS equipment pre-installed, but significant 
retro-fitting of older stock will be required. Photo Siemens.
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“How much equipment is actually required on or near the 
railway (or the operator’s real estate)?”
“How can maximum use be made of automation and 
robotics?”
“What can be learned from other industries’ use of lean 
manufacturing techniques?”

Running through the project lifecycle, there are opportunities 
for a different approach at every stage.

Survey – The need for a survey can be avoided entirely. Most, if 
not all, information required to design a new train control system 
can be obtained by remote, aerial, or train-borne surveying 
techniques. Similarly, many infrastructure operators have, or can 
create, a digital asset model of their infrastructure, which can be 
used as the base information, avoiding the need for any survey.

Design – The time taken to undertake design activity can be 
dramatically reduced, through automation in design, using the 
base model provided above, also providing a more reliable and 
resilient solution. This can cover layout design, housing and 
circuit designs, data and system architecture.

manufacture – Equipment including wayside housings, 
wayside cable looms, remote equipment room racks and 
looms etc., can all be pre-assembled and tested in a factory 
environment. Utilising an integrated 6D building information 
modelling (BIM) system (covering 3D design, cost, schedule and 
lifecycle management) and MRP (Manufacturing, Resource and 
Procurement) model, the design data produced can automatically 
be fed into a manufacturing and project management system. 
This will give greater surety in programme delivery and eliminate 
waste.

Installation – Wayside and rail infrastructure installation should 
be minimised, but a number of questions need to be addressed. 
How much equipment must be located on or near the running 
railway? How much use of secure data centres can be made 
to house interlockings, radio block centres and so on? When it 
comes to wayside equipment, can all installation be automated 
or carried out using robotics? For example, can a trainborne 
machine be developed which installs balises and axle counters 

without closing running lines to traffic? Can wayside cabling be 
pre-loomed and installed by train in one site visit? The disruptor 
might consider whether the conventional balise is required at all.
Could all sleepers be produced with a simple RFID during track 
renewal or new build installation?

Test and commissioning – Data and design testing can in the 
main be automated. Similarly, whole off site systems can be 
function tested and exercised in a safe factory environment. A 
combination of the above and maximum use of simulation and 
synthetic environments can reduce the time, disruption and costs 
of test activity.

operations and maintenance – The use of modern digital 
systems connected via a high capacity telecommunications 
network linking train and infrastructure presents further 
opportunities to support and improve operations and 
maintenance.

Traffic Management systems have the opportunity to be a core 
system with added optional functionality linked together, using a 
common set of data.

Subsystems that can be integrated include stock and crew 
management systems, connected driver advisory systems, 
customer information systems, and performance monitoring 
and reporting systems. The key to maximising the opportunity 
presented by these systems is allowing infrastructure and train 
operators to share their objectives and problems with suppliers, 
so that innovators and developers can truly meet customers’ 
needs. This can be supported by an integrated and open data 
management strategy to ensure that ‘one set of the truth’ 
information is available to users in an efficient and reliable 
manner.

Remote monitoring and diagnosis of equipment can improve 
reliability and performance of equipment by using ‘predict and 
prevent’ techniques to eradicate in-service failure.

Similarly, the use of RFID or similar techniques can monitor 
the location and operation of equipment and personnel, which 
could simplify the processes involved in taking and returning 
possessions when trackside access is required. It could 
also support train operators by providing real time location 
information to support planning and managing operations, 
especially when recovering from incidents and disruption.

In addition, simple but effective GPS based systems could 
provide a solution to provide better information to operators and 
users at remote unmanned level crossings.

Business planning and timetabling
When considering innovation and transformation, and looking 
at how the industry can exploit the opportunities presented, it 
is important to consider everything holistically. It is not the case 
that innovation will enable transformation, or transformation 
will enable innovation; rather, we need to focus on the whole 
picture, making the required changes simultaneously. For 
example, consider business planning and its effect on the railway 
timetable. A train control system must meet the needs of a 
timetable and a traffic management system requires a timetable 
to operate. The traffic management system and train control 
system together will support delivery of the timetable, and the 
information they provide can improve timetable production. 
Together, a timetable, traffic management and train control 
system are entirely and inherently linked.

If we accept this linkage, the industry has a further opportunity 
to consider a transformation which is both a major enabler of 
innovation and a major innovative transformation in its own right. 
Data is at the heart of a modern digitally based train control and 

Technology such as tablet devices is already in use on the railway, could 
they be a platform for CDAS? Photo Network Rail.
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traffic management system. Building one common set of data 
will enable multiple business uses to be supported, including 
operations such as asset management, operations management, 
timetabling and signalling. By adopting a systems approach 
across the whole industry, with a common set of asset and 
geographical data at its core, a virtual railway (or ‘digital twin’) 
can be created. 

This would enable simulation and business planning to be 
undertaken more efficiently, more effectively and more safely 
in an off-site environment, identifying areas for improvement 
and to implement changes with a high degree of confidence. 
By sharing this digital twin with train operators and suppliers, all 
levels of planning, timetable, infrastructure change and incidents 
could be undertaken in a safe, synthetic environment. It would 
be the railway equivalent of the financial services’ “big bang”, 
making the timetable planning process electronic with real time 
transaction, reducing planning lead times and presenting a more 
resilient operational timetable to be used by the train control and 
traffic management system.

In addition, the use of artificial intelligence in the model and 
its subsystems would allow machine learning to further enhance 
the planning and operating processes, improving operational 
performance as well as infrastructure and asset resilience.

Summary and conclusions
Train control and traffic management systems are essential 
components in a modern and efficient railway system. They 
provide the primary safety system to prevent trains colliding, 
and a secondary function giving operational and management 
support to maximise the use of the rail network and support 
efficient operations. Signal engineers have always made use of 
technological development to enhance train control and traffic 
management systems. Moving from mechanical, through electro-
mechanical and first-generation solid state systems to modern 
computer based digital systems, functionality has improved and 
the industry has been transformed.

However, the UK industry is witnessing dramatic increases in the 
cost of deploying modern train control and traffic management 
systems and this is weakening the business case for ongoing 
investment and making some projects unaffordable. Other 
industries where complication and high cost are the status quo, 
have seen disruptive innovators make use of these emerging 

technologies to make significant improvements in simplicity, 
convenience, accessibility, and affordability. 

This is the theory of Disruptive Innovation, first developed 
by Professor Clayton Christensen, who states, “Technology 
typically is rarely inherently sustaining or disruptive; it depends 
upon how you deploy it in the market place that determines its 
disruptiveness”. That technology development on its own has 
not resulted in cost reduction and functionality increase within 
the rail industry should not therefore be a surprise; it is in large 
part due to the highly regulated nature of the industry and the 
lack of alternative disruptive forces. This is not an uncommon 
phenomenon, and similar sustaining innovations occur in the 
healthcare and education sectors, where ongoing investment has 
also failed to result in either cost or functionality improvement.

This paper argues that the railway signalling industry has 
focused on problem statements surrounding interoperability 
and functionality rather than those of cost and efficiency. This is 
compounded by a focus on technology change that has not fully 
embraced the necessities of ‘disruptive innovation’ and its focus 
on making changes to how technology is deployed to meet the 
needs of customers.

Furthermore, there is now a pressing need to reconsider 
the highest priority problem statement for the rail industry, 
as disruptors in other industry sectors, including automotive 
and aerospace, are allowing those sectors to make significant 
improvements in functionality and costs. This presents a 
significant challenge to the costs and functionality experienced 
by rail’s customers and stakeholders which must be addressed.

There are significant opportunities for disruptors, from 
both existing and new suppliers to the rail industry, to create 
significant benefits in cost and functionality for the benefit of 
rail customers through using technology development in train 
control, traffic management and associated systems.

These opportunities can only be exploited if the industry takes 
decisive enabling action which will create an environment in 
which disruptive innovation can thrive.

Reference
Christensen C, “The Innovator’s Dilemma: When New 
Technologies Cause Great Firms to Fail”, Harvard Business 
Review Press, 1997. ISBN 08-75845-85-1.

Creation of a ‘digital twin’, a simulated model of a system, or combination of systems, can offer a powerful, yet low risk means 
of proving ideas or technologies in a virtual world before deployment in reality. Photo Shutterstock/Anucha Maneechote.



IRSE NEWS |  ISSUE 238  |  NovEmbER 2017 9

CYBER SECURITY

Jeff Wimberley
Aurizon Pty Ltd, Australia

Introduction
The Central Queensland Coal Network is a 2670 km heavy haul 
railway typically transporting more than 220 million tonnes a 
year of coal from 43 mines to five ports and two power stations. 
The network has 137 signalling interlockings using a variety 
of technologies from relay based to processor based. For the 
signalling system, a standalone signalling data network is used 
for the following services:

• Interlocking to interlocking communications.
• Interlocking to object controller communications.
• Axle counter to axle counter communications.
• Remote access to field equipment.
• Telemetry connections from centralised equipment to 

interlockings – under trial.

The signalling data network is an Aurizon-owned network which, 
along with three other data networks, is carried on optical 
fibre and microwave radio based transmission systems. These 
networks and systems along with other telecommunications 
systems are known internally as the Operational 
Telecommunications (OT) network.

Aurizon also has a significant Information Technology (IT) 
network which is used for business communications including 
connection to the internet.

Connections between the OT and IT networks are required for 
the flow of data needed to run the business efficiently.

Three years ago, as a result of an audit of the IT and OT 
networks and from knowledge within the business, it was 
identified that from a cyber security perspective the organisation 
was not at the level of maturity that it needed to be.

To address this the Chief Executive Officer endorsed 
a programme of works, “Cyber Security Transformation 
Programme”, involving IT and OT teams, with the remit of 
improving the cyber security posture of the organisation, while 
reducing the risks inherent in the existing infrastructure and 
processes. 

Securing the IT/oT networks
The transformation programme was split into two phases:
• Phase 1 – Discovery - to identify risks and their remediation
• Phase 2 – Practice Establishment - document a foundation 

framework, and remediation implementation, to be run as 
two discreet pieces of work.

Phase 1 - Discovery
The discovery phase of the cyber security transformation 
programme delivered:

• Cyber security framework and governance (policy stream).
• Remediation plan (technical stream).

This paper was originally presented at the Australasian 
Section technical meeting in Brisbane in July this year.

As technology changes, modern railway signalling systems 
are becoming more and more reliant on IP data networks 
for both their day to day operation as well as for their 
supportability. For example we now have processor based 
interlockings at one end of a yard being connected to object 
controllers at the other end of the yard using IP based 
data networks. We also have a need to remotely access 
interlockings and associated systems such as axle counters as 
well as the data network elements from a central location or a 
location remote to the organisation to monitor and maintain 
service of these systems. Whilst all of this takes a level of 
discipline and rigour to implement, it can also provide a 
less than secure pathway for an unauthorised person to gain 
access to the systems if cyber security considerations are 
ignored. This paper describes Aurizon’s recognition of the 
cyber security threat to the company as a whole and the 
signalling system in particular and what has been done to 
reduce the risks for both.

Aurizon's Callemondah Yard serving the port of Gladstone.

Cyber security on a heavy haul railway
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Cyber security framework and governance

The policy stream delivered a cyber security framework (the 
framework) which is based on an international standard: 
National Institute of Standards and Technology cyber security 
framework. The framework (figure 1), with associated principles 
and standards includes a fit-for-purpose governance approach. 
It is a set of cyber security activities, outcomes, and informative 
references that helped Aurizon align its cyber security activities 
with its business objectives, risk tolerances, and resources.

The remediation plan

Using the scope of reviewing the below rail OT network, the 
project team assessed 64 systems and identified vulnerabilities 
which were classified and in turn assessed into risks. The results 
of a detailed analysis of these risks, vulnerabilities and root 
causes highlighted the risk exposure in the current IT and OT 
environments. 

Although the findings determined that there could be no 
catastrophic event that could be solely related to cyber security, 

there were risks identified that could significantly interrupt train 
operations and/or impact the business. The reliance on other 
controls, such as administrative or physical, provides a defence-
in-depth or layered protection that reduces the likelihood of 
many of the vulnerabilities. 

From these findings a remediation plan was developed. This 
plan involved bringing every data networking device in the IT and 
OT networks up to an acceptable standard as well as introducing 
new devices and software to help to protect the networks.

Phase 2 - Practice establishment 
The next phase of the programme was to centralise cyber 
security functions by establishing a security practice and improve 
cyber security posture through a staged implementation of 
endorsed remediation activities to reduce risk and vulnerabilities 
in the IT and OT environments. This phase was a holistic 
approach to provide improved resilience, reduced risk and 
improved overall capability within the organisation which is 
underpinned by the cyber security framework. (Figure 2).

Objectives

The objectives of Phase 2 of the programme were to: 

• Establish the security practice to improve the level of maturity 
and increase capability within the organisation.

• Implement the cyber security framework, policies and 
standards and create an awareness campaign. 

• Implement the activities recommended in the remediation 
plan to reduce the risk and vulnerabilities within both IT & OT 
environments.

Outcomes

From an OT perspective the outcomes of the Phase 2 
programme were mainly centred around:

• Being involved with the implementation of the cyber security 
framework, policies and standards and leading on from this to 
the development of reference architecture documentation for 
OT systems.
o The same common framework, policies and standards 

were implemented for both the IT and OT networks
o Reference Architecture documents are being written 

for all services which traverse the interconnect between 
the IT and OT networks. These documents detail the 
requirements of the services and are approved by both 
the IT and OT technical teams.

Figure 1 – The framework.

Figure 2 – The programme took a holistic approach.



IRSE NEWS |  ISSUE 238  |  NovEmbER 2017 11

About the author ...
Jeff is the control systems engineering manager with 
Aurizon. He started his railway career as a graduate 
telecommunications engineer with Queensland Rail in 1984. 
He has remained with the various forms of the organisation 

• Implementation of the remediation plan which involved 
standardising configurations and updating of every device in 
the OT network as well as the implementation of new devices 
and software. 
o 780 devices were updated to ensure that they were now 

configured to a level which would meet the required 
policies and standards. In addition, antivirus software 
was installed on approximately 150 servers. The 
remediation process took approximately twelve months 
to scope, test, reconfigure and to validate and verify. 
During the whole remediation process there were only a 
small number of very minor interruptions to services.

o A new IT/OT interconnect was established to demarcate 
the IT and OT networks and to provide the necessary 
protection between the two. A number of firewalls 
including intrusion protection software and jump boxes 
were installed. This was a major piece of work as there 
are a significant number of services required to traverse 
between the two networks. Each service needed to be 
identified and requirements determined so the design 
of the interconnect could be done. This process took 
several months as did the build of the interconnect. 
Work was required to be done at our major Network 
Control Centre in Rockhampton as well as our disaster 
recovery site in Mackay. Transfer of services took several 
more months with major changes being aligned with rail 
network system closures. Once again only minor system 
outages were experienced during these changes. 
Aurizon now has only two physical locations where the 
two networks interconnect. 

o As part of these works new monitoring and control 
systems have been installed which will prevent 
unwanted packets of data making their way across the 
interconnect as well as providing the tools to disconnect 
the two networks in the event of a major attack to either 
of the IT or OT networks.

Securing the signalling system
Securing the signalling system largely involved securing the 
signalling data network and ensuring that the IT/OT interconnect 
would allow support staff, and when appropriate, vendors, to 
be able to remotely access devices on the OT network either 
internally or externally via the internet.

It also included the development and approval of a reference 
architecture for various signalling applications such as signalling 
diagnostics. The signalling diagnostics document details a 
secure, repeatable way for maintenance and support staff to 
remotely access processor based interlockings. Further reference 
architecture documents will be produced for other signalling 
systems which can be remotely accessed such as axle counters 
and track circuits. 

Careful consideration was given to ensuring that, in the process 
of providing remote access to safety system diagnostic tools, all 
relevant safety application requirements were adhered to.

Success of the cyber security transformation 
programme
The cyber security transformation programme ran for a period 
of three years and on the whole improved the cyber security 
posture of the organisation, while reducing the risks inherent in 
the existing infrastructure and processes. Despite the program 
being completed, there is ongoing work to bring all systems fully 
up to the security level expected by the company.

From a signalling perspective the associated data networking 
equipment can be remotely monitored and updated whilst being 
significantly more secure. This is an important step in securing 
the signalling system whilst ensuring that efficiency gains in 
running the network can be achieved. Internal staff and vendors 
are now able to access the equipment they have provided in a 
managed and secure way and once again efficiency gains can be 
made whilst maintaining the security of the signalling systems.

and has carried out many different roles during his career 
including strategy development, design, construction, 
maintenance and asset management. Jeff was involved with 
the Cyber Security Transformation Programme from inception 
to completion as a member of the Technical Working Group. 

The Aurizon Network Control Centre.
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Headway as part of the operating plan
Terry Macdougall
Public Transport Authority of Western Australia

Signal engineers and train operations staff often 
misunderstand each other when talking about headway. 

When someone in the operations team refers to headway, 
they actually mean the interval between trains expressed 
in minutes. They assume that the interval between trains is 
enough to deliver a reliable on-time service. 

Signal engineers however calculate headway as the absolute 
minimum time between following trains that will allow drivers 
to retain line speed without having to apply brakes due to 
passing yellow signals. 

This paper provides a brief background on classical 
headway theory; some insight on how track speed and 
station dwell time impact on achievable capacity; a case 
study to demonstrate that terminal stations may pose a 
greater constraint on capacity than the signalling; and a 
suggested method to allow quick assessment of achievable 
capacity on a new line.

Introduction
The signalling system used in Western Australia
The Public Transport Authority of Western Australia (PTA) has 
used the internationally standardised three aspect colour light 
signalling system for many years. This system uses trackside 
signals to display one of three coloured lights. Drivers interpret 
signals as follows:

• Red: stop and do not pass this signal.
• Yellow: the next signal will be red, begin brake application 

to stop at the red signal.
• Green: the section ahead is clear, and it is safe for the train 

to continue at maximum permitted speed (also known as 
‘line speed’) up to the next signal.

The distance between two consecutive signals is referred to as 
a ‘signal block’. This is because it can only be occupied by one 
train at a time, with entry by another train into it blocked by a 
protecting red signal.

Signalling in Western Australia uses the concept of an ‘overlap’ 
as a mitigation measure in case drivers misjudge the timing of 
their final brake application, resulting in them unintentionally 
passing a red signal. The overlap distance is generally 200 m, 
and has to be free of hazards before the previous signal can be 
cleared to allow a train to approach the red signal.

Clear sighting of signals is required during the final eight 
second approach to each signal, with a minimum of 50 m. At 
130 km/h this requires 289 m of sighting on approach to the 
signal.

There are many other signalling principles involved, and some 
additional information provided to drivers make them aware of 
junctions or turnouts ahead, but these are not relevant to this 
paper and will not be covered.

Headway as seen by Engineers and Operators
In principle, headway is not a difficult concept, but operations 
staff and signal engineers often misunderstand each other when 
talking about this subject. 

When members of the operations team talk about headway, 
they actually mean the interval in minutes between successive 
trains that will allow the delivery of a reliable on-time service. 

The underlying operating assumption is that trains will be 
able to do their task without unnecessary restrictions from the 
signalling system. In practice, this means that trains meet all 
signals at proceed (i.e. with green aspects).

From a signal engineer’s point of view, trains must be protected 
from running into each other. As there is no way of knowing if the 
train ahead is stationary, or what speed it is doing, the following 
train must be forced to start braking when the distance between 
it and the train ahead approaches stopping distance. 

In practice, this means that trains can only continue without 
signalling restriction providing that the trains are separated by 
three signals. Trains can do line speed from the green signal up 
to the yellow signal, and then slow down to stop at the red signal 
that is protecting the train ahead. Therefore trains at speed are 
separated by at least twice-braking distance. 

Formulae used in headway calculations
The following formulae relating time, velocity, distance and 
acceleration are used many times in calculating headway:

V = U + at

Formula 1 – Speed, time and acceleration

V2 - U2 = 2aS

Formula 2 – Speed, distance and acceleration

�	�	�t	�	��	at2 
 Formula 3 – Speed, distance, time and acceleration

In these formulae: 

[U] and [V] are initial and final velocities in m/s.

[S] is distance covered.

[a] is constant acceleration in m/s2.

Headway defined
What is headway and how is it measured? 

The signalling system should not prevent drivers from travelling 
at maximum speed unless safety reasons make it necessary to 
stop the train, Therefore, signals should always show green 
aspects when it is safe to do so.

Train drivers generally try to keep close to the maximum 
allowed speed except for station stops. However, as soon as they 
encounter a yellow signal, they have to commence braking in 
anticipation of stopping at the next (red) signal.
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Headway for a signal is defined as the distance (and time) 
between successive trains passing the ‘sighting point’ for that 
signal at the instant that it upgrades from yellow to green due to 
the preceding train clearing the overlap of the signal two signal 
blocks ahead, as shown in figure 1.

During the eight-second sighting time, the driver makes train-
handling decisions such as recalling how far it is to the next 
signal, next permanent speed restriction, or next station, and if 
the train is continuing on, terminating or diverting onto a branch 
line. 

As shown in figure 1, when train B reaches the sighting point for 
signal #1, that signal should be in the process of upgrading itself 
from yellow to green, thereby allowing the train to continue at 
line speed. 

Signal #1 was able to clear to green because train A cleared the 
overlap beyond signal #3, allowing signal #2 to upgrade from red 
to yellow.

Headway distance for three-aspect signalling is defined as:

HWd = sighting distance (SD), 8 s at line speed

 + two signal blocks (SB)

 + overlap distance (OL)

 + train length (TL)

In sections where trains do not stop, signalling designers adjust 
signal spacing to achieve the required headway.

Headway time is made up of:

HWt =  St [sighting time (typically 8 s)]

 + 2 SBt [time to cover two signal blocks]

 + OLt [time to cover overlap distance]

 + TLt [time to cover train length]

The above equation assumes that trains do not stop at stations 
within the headway distance. 

Express train example
Consider a section of track designed for express trains operating 
in section of line where the track speed is 90 km/h (i.e. 25 m/s). 
Assume that train length is 150 m and signalling overlap distance 
is 200 m. If the required headway is 240 s, what signal spacing is 
needed to provide this headway?

Headway in seconds is comprised of the time to cover distances 
indicated in the above section:

Headway = sighting time + (2 x signal spacing + overlap distance 
+ train length) / (train speed in m/s)

headway distance

overlap distancesighting point signal block

A niarTB niarT

train length
Signal #1

signal block

Signal #2      Signal #3

sighting distance (8 s) 

Figure 1 – Headway distance.

Which can be rearranged as: 

2 x signal spacing = {(train speed in m/s)(Headway –  
sighting time) – (overlap distance + train length)}

If the required headway is 240 s, one can calculate the distance 
between the signals as follows 

(2) (??) = (25)(240 – 8) – 200 – 150

Where “??” represents the unknown spacing between signals. 

Solving this gives: 2 x (signal spacing) = 5.450 km

i.e. signal spacing can be a maximum of 2.725 km.

Express trains following each other
If trains are dispatched into this section every 240 s, all signals 
will be green for the first train. However, all following trains will 
approach yellow signals that should change to green as the train 
reaches the sighting point for the signal. 

If one train is delayed by 10 s, the train behind it will meet 
and pass signal 1 (see figure 2) at yellow. Drivers passing yellow 
signals expect the next signal to be red, and will reduce train 
speed so that they can be sure of stopping at the next signal. 
The train will enter the signal block at full speed and reach the 
destination signal ready to stop, with the average speed across 
the signal block about 50% of normal speed. Therefore the time 
between the yellow and red signals will almost double what it 
would be if both signals were green.

A niarTB niarT

sighting point signal block signal block overlap distance

train length

sighting distance (8 s)

headway distance

Signal #1         Signal #2 Signal #3

Figure 2 – Trains closer than headway distance.

Recall that the distance between the signals was previously 
calculated as 2.725 km. Therefore at full speed the time taken 
between the two signals is: 

2725/25 = 109 s

If the train speed is halved, the time taken is 

2725/12.5 = 218 s

A 10 s delay to one train can cause a 109 s delay to the 
following train, which will in turn delay all successive trains.

Ruling headway
In practice, the spacing between signals is unlikely to be uniform 
due to real-world issues such as curves in the track or bridges or 
stations that prevent signals from being placed at the optimum 
position. The track speed may vary over the length of the line, 
requiring other adjustments to signal spacing. The signal with 
the worst headway will set the ‘ruling headway’ for the line. This 
is sometimes called the theoretical signalling headway. Trains 
travelling closer than the ruling headway will meet at least one 
caution signal and be forced to apply brakes, and will therefore 
lose time. This in turn will delay the following train and so on, 
causing cascading and compounding delays.
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Operating margin
Small disturbances can cause cascading major delays for trains 
operating close to the theoretical signalling headway. To avoid 
this, an ‘operating margin’ is added to theoretical signalling 
headway. This provides a more reliable operating headway. The 
operating margin could be some percentage of the signalling 
headway, or a fixed amount of time.

Assuming a 20% operating margin, the theoretical signalling 
headway of 240 s would become 300 s, i.e. 240 s with a buffer of 
60 s.

Operations staff would schedule trains at a frequency not 
greater than every five minutes into this section. They refer to this 
operating frequency as a twelve trains per hour service pattern. 
Individual trains could accumulate delays of up to 60 s before 
they deplete the operating margin and impact on the timeliness 
of following trains.

Trains stopping at a station
In sections where trains stop at stations, signal spacing on the 
approach to and departure from stations must be adjusted to 
compensate for the additional deceleration time, dwell time and 
acceleration time.

In the case study below, assume that there is a station within 
the headway distance, with the ‘home signal’ reading onto the 
station; the ‘starting signal’ reading from the platform into the 
section ahead up to the ‘advance starting signal’ as shown in 
figure 3. 

If a train stops at the station, then using formulae 1 and 2 with 
the final velocity V=0, the distance to come to a stop will be

Sb  

and the time to come to a stop will be

tb�����b 
where [U] is the initial speed in m/s and [b] is brake rate in m/s2.

The difference in time taken by a stopping train and a non-stop 
train to cover the same distance gives us the amount of time lost 
due to stopping: 

[lost time] = [time to stop] – [time at full speed over the  
same distance]

TLb	�	��		–	Sb�U			�	
�
�		–	�	

U2
2b��U		 	�	

�
�	–	

�
��	

 
time lost while stopping: tLb = U / 2b

In a similar way, the time lost for the train to accelerate back to 
line speed, compared to a non-stop train, is

time lost while accelerating: tLa = V / 2a

where [a] is the acceleration rate in m/s2 and [V] is the final 
speed in m/s.

Outer home  
signal

Advance 
starting signal

Home 
signal

Starting 
signal

Station

Figure 3 – Signals near a station.

If a train stops, dwells at the station for a short period, and then 
accelerates back to line speed, it will therefore take longer to 
travel through the section compared with a non-stopping train.

The difference in time between stopping and non-stopping train 
journeys will therefore be 

[time lost while stopping] + [station dwell time] +  
[time lost while accelerating]

tLb + tLa + dwell time

i.e.

 

 Figures 4 and 5 contain ‘train graphs’ showing the time-distance 
curve for non-stop and stopping trains respectively, to illustrate 
the timing for dispatching successive trains. 

The trains remain ‘headway time’ apart during their journeys.
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Figure 4 – Train graph showing non-stop trains.

Figure 5 – Train graph showing stopping trains.

Mixing all-stations and express trains
How much extra time should be allowed between successive 
trains in a section of track with one station in the middle of the 
section where every second trains stops and dwells for 30 s?

If the line is signalled to provide an operating headway of 300 s, 
the next train can leave 300 s later if it is following an express 
(non-stopping) train.

If a non-stopping train follows a stopping train, its trip must be 
delayed otherwise it will catch up with the stopping train and be 
forced to stop outside the station, waiting for the stopping train 
to move on.

In this example, we will assume that the brake rate and 
acceleration rate are both 0.8 m/s2, and the line speed is 
100 km/h before and after the station.
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From earlier, the time difference 

 

 Applying the track speed and acceleration/deceleration rates 
gives:

�������
�	�	��� 		�	

�������
�	�	��� 		�	��	�	����	� 

 This is the extra journey time due to stopping at the station. 
Therefore the interval between dispatching a stopping train and 
a non-stopping train must be 300 + 64.7 s, i.e. almost 365 s with 
one station in the section. 

With five stations in the section, the non-stop train must be 
dispatched (300 + 5 x 64.7) s or almost 624 s after the stopping 
train. The mismatch between train patterns consumes a train 
path, and the effective headway has reduced by 33%. This is 
shown in figure 6.

Figure 6 – Train graph for mixed stopping patterns.

Running mixed stopping patterns reduces the effective line 
capacity. In the example above, a section that can support 
reliable operations at twelve trains per hour with a uniform 
stopping pattern will only support eight trains an hour with an 
alternating mixed stopping pattern.

If it is necessary to create capacity to run two additional trains 
while retaining the mixed operating pattern, two stations must be 
closed, the dwell times at the remaining three stations reduced 
to 25 s, and the signalling upgraded to provide an operating 
headway of 228 s (i.e. a signalling headway of 180 s, equivalent 
to 16 trains per hour capacity for trains with an identical stopping 
pattern).

It could be more economic to abandon the mixed stopping 
pattern and schedule all trains to stop at all stations to create 
additional train paths. However, passengers previously enjoying 
the faster express trains trip times will have their journey time 
extended by about five minutes due the lost time to stop at the 
five stations.

Factors affecting headway
Before the signalling designers even start to calculate spacing 
between signals, they need to know the wanted train frequency 
so that they can calculate the operating headway. After 
establishing the required operating margin, they can define the 
required signalling headway. Then, using train performance, line 
speed and station dwell data, they can calculate the required 
signal spacing.

The objective of signalling design is to ensure that train drivers 
can do their normal tasks without any interference by the 
signalling system despite some chance of a few minor delays 
caused by operational factors. 

Minimum signal spacing
The purpose of the signalling system is to keep trains safely 
separated; therefore the minimum signal spacing permitted is 
the stopping distance for the worse class of train operating at the 
maximum permitted track speed. 

And of course, trains should fit between signals, so the 
minimum spacing between signals is the greater of:

[braking distance] or [overlap + train length + sighting]

The sighting distance in this case is to allow for the driver of a 
stopped train to have clear vision of the signal aspect from the 
cab, typically 20m. 

Signal #1 Signal #2 Signal #3

A niarTB niarT

Signal #4

train length + 20 m sighting

overlap length

Figure 7 – Train clear of overlap.

Train A in figure 7 is clear of the overlap. This allows signal #2 to 
clear to yellow, and signal #1 to display a green aspect. 

If train A failed to move off the overlap (figure 8), this would 
keep signal #2 at red, and signal #1 at yellow, causing train B to 
have to brake to stop at signal #2. 

overlap length

train length + 20 m sighting

Signal #1 Signal #2 Signal #3 Signal #4

Train B Train A 

Figure 8 – Train foul of overlap.

In other words, trains should always be able to stop between 
signals; and when they stop, they must fit without interfering with 
the overlap behind the train.

Maximum signal spacing
The time to travel between signals obviously impacts on 
headway, so the maximum signal spacing is chosen to minimise 
the number of signals and the cost of the infrastructure while still 
enabling the wanted headway. 

If only a few trains per hour are needed, the spacing between 
signals could be several kilometres.

On the other hand, many trains per hour will require the 
maximum signal spacing to be reduced. As the number of trains 
per hour increases, signal spacing may have to be reduced until it 
approaches braking distance. Signals must be positioned where 
approaching drivers have a clear view of the signal for at least 
8 s. At 130 km/h this equates to 289 m. Short signal spacing 
makes the signalling design very difficult as there is little margin 
for adjusting any signal’s position if the line has many curves, 
overpasses, tunnels etc. The physical characteristics of a line may 
impose a limit to the reliable capacity that can be achieved.

Station dwell time 
When the timetable is prepared, assumptions are made on how 
long it will be necessary, on average, to keep train doors open 
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at each station. Typical time ranges are between 20 to 50 s, 
depending on the volume of passengers expected to board or 
alight at each station. 

Average dwell times for each station during the peak hour are 
used to plan the timetable and the headway. Real-world dwell 
times may not match the planned dwell times due to passenger 
behaviour.

If the operating plan is based on a dwell time of (say) 20 s at a 
particular station but passenger behaviour at that station forces 
the driver to keep the doors open for 50 s, the train will be 
delayed 30 s. This delay is a substantial portion of the Operating 
Margin, and if that train experiences any further delays, it can 
result in the following train also being delayed.

Driver behaviour
Assumptions about driver behaviour directly impact on where the 
designer places signals. If two stations are close together, it may 
not be possible for a train to accelerate to the maximum section 
speed between stations.

Not all drivers actually drive at the maximum permitted speed. 
Trains are not allowed to travel faster than the posted section 
speed, and to avoid speeding some drivers travel several km/h 
slower than the maximum line speed. 

A computer-generated train speed profile for a section of the 
Armadale line in Perth is shown in figure 9. The track speed on 
the Armadale line is generally 100 km/h. The section between 
Belmont Park and Victoria Park is restricted to 80 km/h. Trains 
exiting the 80 km/h section between Belmont Park and Victoria 
Park enter 100 km/h territory from Victoria Park to Welshpool. 
The speed graph shows that trains that stop as all stations in 
this section do not attain maximum speed for any length of time 
before having to decelerate to stop at the next station. 

There is a spread of behaviours amongst train drivers. Some will 
not exceed 80 km/h in the 100 km/h section shown in figure 9. 
This is partly due to the difficulty of remembering where to 
transition from accelerating to braking and partly because the 
driver sees no point is sprinting and then hitting the brakes. They 
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Figure 9 – Armadale line train speed profile (part).

are also aware that small judgement errors can result in the train 
overshooting the next station. 

The signal designer has to ensure that braking distances 
between signals in this section are suitable for 100 km/h, however 
they must plan the signal spacing (and therefore the headway) 
assuming that drivers do not accelerate to full line speed. This 
will result in slightly closer signal spacing and therefore higher 
infrastructure costs, but can provide more reliable operations.

Wet weather can affect average speed between stations. The 
rails may be slippery when moist, causing drivers to use a more 
cautious braking style, starting to brake further out and more 
gently. 

Other Factors
Planning the timetable needs to consider train length, signalling 
principles (e.g. overlap length), and whether trains with different 
acceleration and braking performance share the line. 

The ‘standard’ overlap distance used by PTA is 200 m, however 
120 m overlaps are used in areas with a track speed of 55 km/h 
or less. This is because the ability to judge braking distance at 
speeds below 55 km/h is increased, and hence the chance of 
the driver misjudging the final brake application is lower. Shorter 
overlaps allow signal spacing to be reduced, which improves the 
headway.

Trains accelerating against an uphill gradient will fight against 
gravity and lose speed. Conversely, on downhill sections, gravity 
assists trains reach their top speed. The opposite applies to 
braking effort. In this paper, we have assumed level gradients to 
simplify the discussion.

The variability of the above factors all contribute to some 
uncertainty in the reliability of the actual train performance 
against the timetable.

The signalling headway to support the operating headway 
has to take these factors into account in predicting the train 
performance. For drivers to experience consistent behaviour from 
the signalling system, the signalling design should try to provide 
a fairly uniform travel time between signals. 

Up trains  
towards Perth

Down trains 
towards Armadale
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Headway and terminal stations
Trains reaching the line terminal station
The signalling headway is sometimes not the most significant 
determinant of the operating capacity of a section of line. When 
a train reaches the terminus, the number of platforms available 
for turn-back operations can be a more critical limitation.

The diagrams in figures 10 and 11 show an incoming train 
arriving at a terminal station and then departing again.

Platform reoccupation time
The platform reoccupation time is the minimum time for a 
successive occupations of the same platform. If there is only 
one platform, this will set the line capacity. Multiple platforms 
increase the capacity of the terminus.

For this example, we will assume two platform faces at the end 
of a line signalled for twelve trains per hour. 

(From previous examples, we know that this is equivalent to a 
five-minute/300 s operating headway, with underlying signalling 
infrastructure supporting a four-minute theoretical signalling 
headway). 

Let us assume train T1 has just vacated platform P1, and train 
T2 on platform P2 arrived a while ago. The next arriving train, T3, 
will be routed to platform P1 (see figure 10).

With all train movements occurring for trains operating at the 
specified headway, the outer home signal should clear to green 
as train T3 approaches, due to platform P1 becoming vacant and 
the points becoming free, allowing the home signal to clear to 
yellow as the points set and lock for the route to platform P1.

Points operation time
The first element of the reoccupation time is setting the points 
to route train T3 onto platform P1. The points themselves only 
take five seconds to move to the new lie, but there are other 
timing factors, such as the train controller noticing that train T1 
has departed and setting the route from the home signal into 
platform P1, and the signalling system detecting that the last 
vehicle of the previous train has moved off the points and it is 
safe to allow them to move. This operation typically takes up to 
20 s. 

arrival time = 157 s

8 
s

P1

P2

layover time = 360 s

Outer home signal Starting signals P2Home signal

points 
operation 
time = 20 s

P1 time to 
clear points 

= 42 s

Train T2Train T3

Train T3

Train T4

Train T3Train T3

Train T1

Outer home signal Starting signalsHome signal

Run time into the station
We will assume that the outer home signal upgrades to green as 
train T3 reaches the eight-second sighting point, (refer figure 10). 
Calculating the run time based on the train decelerating to 
30 km/h to traverse the points, and slowing to a safe speed (say 
10 km/h) as it reaches the midpoint of platform P1, and stopping 
at the end of the platform. Calculating this time gives 157 s, 
including the sighting time, based on the actual signal and points 
positions and existing track speeds.

Layover time
With a five minute operating frequency using both platforms, a 
train must enter each platform every 10 minutes. When the train 
stops on the platform, the driver has a few tasks to compete 
such as entering any faults experienced in the trip into the train 
logbook, checking that the train has no problems that could 
prevent it from departing and checking that passengers have not 
gone to sleep and failed to exit the train. The driver may need a 
comfort break, and then will move to the other end of the train (a 
150 m walk, taking about two minutes to do) and then set up the 
train for departure. 

The layover time agreed with drivers is a minimum of six 
minutes. Sometimes an amount of recovery time is added into 
the layover time. There is little margin to extend the layover time 
beyond eight minutes, because the train has to clear the platform 
within ten minutes of arrival so that the next incoming train can 
use the platform. 

Time to depart and clear the points
The final element of the platform reoccupation time is the time 
for the train to leave the station and get clear of the points, 
so that the next train can be routed into platform P1. This will 
typically be about 42 s. Longer trains extend this delay. Figure 11 
shows train T3 leaving platform P1 and (in dotted outline) 
clearing the points.

While all the above is going on, other trains are arriving and 
departing from platform P2. Figure 11 shows that train T4 is now 
occupying platform P2.

Calculating platform reoccupation time
Adding all the components of the platform reoccupation time 
together comes to 579 s. This is equivalent to 6.2 trains per hour. 
However, no margin for slower operations is included. Adding a 

Figure 10 – Schematic showing train T3 arriving at a terminal station.

Figure 11 – Schematic showing the same train departing.
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20% margin increases the reoccupation time 634 s, equivalent to 
5.6 trains per hour (with no allowance for recovery time).

As both platforms can be used with similar reoccupation 
times, the two-platform terminus station capacity is limited to 
somewhere between 10 and 11 trains per hour.

Options to increase line capacity
If it is necessary to run more trains per hour than can be reliably 
turned at the terminus, there are four main options.

Choice 1: improve the track geometry and the signalling 
system, for instance by installing points allowing higher turnout 
speeds such as 1:16 tangential turnouts and relocating the points 
closer to the station, and installing additional signals to improve 
the headway from 12 trains per hour to (say) 15 trains per hour. 
This can shave about 50 s off the run-time component, improving 
the platform reoccupations capacity to about six trains per hour 
per platform. 

Choice 2: use ‘relay drivers’ to reduce layover time. When a 
train arrives, the driver still does some of the usual tasks, however 
another driver takes over and departs the train. This frees-up the 
first driver to have a brief rest, and take over the next train. This 
reduces the layover time to about three minutes, theoretically 
allowing up to 7.9 trains per hour per platform. However, 
this may not provide quite as much capacity improvement as 
expected due to conflicting arrivals and departures, unless the 
underlying signalling is also improved.

Choice 3: provide a third platform. This does provide an 
improvement, but again not quite the expected 33%, due to 
conflicts over points for arrival and departures.

Choice 4: create another turn-back station or a junction 
somewhere on the line, with sets of points diverting trains off the 
main line to track-centre platforms so that trains can layover for 
six minutes without blocking the main line. This option reliably 
doubles the line capacity because of the dual termini.

How to calculate signal spacing
Signalling headway by definition includes the distance over two 
signal blocks. Knowing what headway is wanted allows one to 
accurately calculate the spacing across the two signal blocks (i.e. 
the overall distance between three signals as per figure 12).

The calculation takes no account of where the middle signal is 
installed. However, the middle signal forms part of a headway 
calculation for the other pairs of signal blocks as shown in 
figure 12.

The interleaved nature of headway distances poses the problem 
of where to start. Often it’s best to start with the pair of signals 
spanning a station platform, where the effect of station dwell 
time must be taken into account. 

Readers should remember that any signal spacing calculated 
represents the maximum distance between signals. Increasing 
this distance slightly results in the train’s travel time between 
signals taking longer, which in turn lengthens the headway time.

Increasing train throughput requires shorter headway times and 
closer spacing between signals. A capacity brick wall is reached 
when signal spacing approaches braking distance. Getting 
more trains per hour through a capacity-limited section requires 
either reducing station dwell times (may not be possible due to 
passenger behaviour), or reducing track speed to allow closer 
signal spacing (and resulting in increased journey times). 

Headway across the station platform
For trains stopping at a station, the headway behaviour is linked 
to the trains’ deceleration, dwell time, and acceleration. 

For ease of mathematical processing, the headway distance and 
time can be parsed into eight elements which are also shown in 
figure 13:

• Element 1 = sighting distance. By definition, this is the 
distance covered in 8 s at full line speed. For example, 
sighting at 90 km/h (i.e. 25 m/s) is 200 m.

• Element 2 = the extra approach distance (EAD). The 
distance between the home and starting signals is 
comprised of braking distance, and an additional approach 
distance. If the signals are spaced at exactly braking 
distance, the extra approach distance will be zero. Trains 
will traverse this distance at constant speed, and will cover 
this distance in EAD/V s, where EAD is in metres and V is in 
m/s.

• Element 3 = braking distance. Formula 2 can be used with 
final velocity V=0. 

• Element 4 = dwell time, with the train stationary at the 
platform.

• Element 5 = acceleration distance, which will be V2/(2a) 
where a is the acceleration rate in m/s2 and V is target 
speed in m/s. The time to cover the acceleration distance 
is V/a s.

• Element 6 = the extra departure distance (EDD). The 
distance between the starting signal and advance starting 
signal is made up of acceleration distance plus EDD. If 
signal spacing is such that trains just reach line speed as 
they pass the Advance Starting Signal, the EDD will be 

sighting + 2 signal blocks + overlap + train length

sighting + 2 signal blocks + overlap + train length

8 s

8 s

sighting + 2 signal blocks + overlap + train length

8 s

Figure 12 – Headway distances.
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zero. Trains will traverse this distance at constant speed, 
and will cover this distance in EDD/V s, where EDD is in 
metres and V is in m/s.

• Elements 7 and 8 = overlap and train length. Trains will 
traverse these distances at constant speed, and will cover 
this distance in (overlap distance)/V s + (train length)/V s 
where V is in m/s.

The above elements can easily be inserted into a calculation 
to obtain the time and distance between the home signal and 
advance starting Signal. The format of the paper does not lend 
itself to listing the detail of the mathematical workings. The 
formula below gives the overall distance between the home and 
advance starting Signals (i.e. two signal blocks):

Distance[H-A.S] =V(HWt -8–DT)–(V2/2)(1/b+1/a)-(OL+TL)

Where:
 V is the line speed in m/s,
 HWt is the wanted theoretical signalling headway in sec
 DT is the dwell time in sec
 b is the brake rate in m/s2 (assume 0.8 m/s2)
 a is the acceleration rate in m/s2 (assume 0.8 m/s2)
 OL is the overlap length (typically 200 m)
 TL is train length (100 m/150 m for four/six car trains)
As an example, one can calculate the overall distance between 

the home and advance starting Signals in 100 km/h territory 
in a section requiring 240 s theoretical signalling headway (i.e. 
12 trains per hour assuming 30 s dwell and 150 m train length). 
The calculation shows that the distance between these two 
signals can be a maximum of:

Distance[H-A.S] = 4.297 km across two signal blocks.

Components of headway across station 
The two signal block distance calculated in the previous section is 
comprised of the distance between:
• Home signal to starting signal, and
• Starting signal to advance starting signal.
As we have assumed the acceleration and brake rates to be 

identical, the time and distance for the train to stop and return to 
line speed will be identical.

Therefore with trains only pausing and immediately departing 
again (clearly not a real-world situation), the theoretical signal 
spacing between the two pairs of signals forming the two signal 
blocks will be equal.

If the dwell time is made non-zero, the time and distance to 
return to line speed is not affected; i.e. the distance from the 
starting signal to the advance starting signal does not require 
adjustment. 

However the time between the home and starting will increase 
by the dwell time, and the distance between these two signals 
must be reduced to buffer the dwell time.

Distance from starter to advance starter 
The preceding section established a method for determining 
the distance between the starting and advance starting signals, 
namely 50% of the two signal block distance between the home 
and advance starting signals:

Distance������������������t�������D�������2�2�����
�
������������

 And for convenience we have assumed that the acceleration 
and brake rates are the same, therefore:

Distance�������	�	��	�����t		�	�	�	D��	�	�2�a	�	���	�	����	
 Substituting values for 100 km/h territory in a section requiring 

240 s theoretical signalling headway (i.e. 12 trains per hour) gives 
the following:

100/3.6�2�0 � � � 30�– �100/3.6�2/0.� � �200 � 1�0�
2 	

 Solving the equation gives the distance between the starting 
and advance starting signals as not greater than:

Distance[S-A.S] = 2.565 km

Distance from home to starting signal 
If we subtract the distance between starting and advance starting 
signals from the distance between the home and advance 
starting signals (see preceding sections) the remaining distance 
is the required distance between the home and starting signals. 
In this example, the spacing between these two signals will be 
4.297 km minus 2.565 km. This equates to 1.732 km.

Remember that the minimum distance between signals must be 
more than braking distance, which at 100 km/h comes to 483 m.

Maximum distance[H-S] = 1.732 km.

Spacing from advance starter to next signal
A similar approach can be taken to use the headway time for 
the starting signal to find the distance across two signal blocks 
consisting of the starting signal, advance starting signal and 
the next signal beyond the station. This last signal is usually an 
Automatic signal. The equation for this distance is:

Distance[S-Auto] =V(HWt - 8) - V2/a - (OL + TL)

Note that station dwell time plays no role in this equation. 
Substituting values for twelve tph in 100 km/h territory gives the 
overall distance of two signal blocks:

Distance[S-Auto] =100/3.6(240 - 8)-(100/3.6)2/0.8-(200+150)

 =5.613 km for two signal blocks

Subtracting the distance between the starting signal and the 
advance starting signal will provide the distance between the 
advance starting signal and the next signal in the section:

Distance[AS-Auto] = 3.047 km.

Spacing between outer home and home signals 
Once again, distance between the outer home and home signals 
can be calculated using the known distance from the home to 
starting signals and the calculated spacing between the outer 
home and starting signals.

Outer home  
signal

Advance 
starting signal

Home 
signal

Station

Starting 
signal

31 2 5 6 7 8

4

sighting
distance EAD

braking
distance 

Dwell
time 

acceleration 
distance EDD

overlap train 
length

Figure 13 – Headway across a station, home to advance starter..
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The formula for the distance between the outer home and 
starting signals is unfortunately complicated by the fact that 
some of the time to accelerate away from the starting signal falls 
within the headway distance for the outer home signal.

Figure 14 shows in red the performance applicable in low-speed 
areas where trains will have short stopping distances. The blue 
line applies in higher speed areas with longer stopping distances. 

 If trains can get to line speed before the end of the overlap, 
the time taken to exit the headway distance is the acceleration 
time plus travel time at constant speed until train length past the 
overlap.

If trains do not reach line speed by the end of the overlap, one 
can calculate the train velocity as it exits the headway distance 
using formulae 1 and 2. 

If distance to reach line speed is less than overlap distance plus 
train length (i.e. V2/2a < OL + TL), then the distance between the 
outer home and starting signals is:

Distance[OH-s] =V(HWt - DT - 8) - V2/a - (OL + TL)

If greater it is:

Distance������	�����t	�D������2��2a��	��2��� � ����a		
 (assuming acceleration and brake rates are the same)

Solving this equation for 240 s headway in 100 km/h territory 
gives:

Distance[OH-S] =4.307 km across two signal blocks

Subtracting the distance between the home and starting signal 
will provide the distance between the outer home and home 
signals:

Distance[OH-H] =2.575 km

Note that the calculated distances are the maximum distances 
that signals can be separated to achieve the wanted headway. 
Slightly greater signal spacing will increase travel time and 
provide worse headway.

Brake and acceleration rates
We have assumed for convenience that the brake and 
acceleration rates are both 0.8 m/s2 which is a typical value 
for modern electric multiple unit rolling stock at speeds below 
60 km/h. Actual headway calculations should always use the 
actual acceleration and braking curves, and should apply 
corrections to compensate for changes in gradient along the train 
path. 

Outer home  
signal

Advance 
starting signal

Home 
signal

Station

Starting 
signal

distance = ?

headway distance
sighting + 2 signal blocks + OL + TL

Figure 14 – Distance from outer home to home.

Applying headway in practice
The shortest signal spacing is always between the signals 
spanning the station platform. This is usually a good place to 
start the headway design, as there are more constraints than with 
the longer signal spacing away from stations.

The distances between the outer home/home signals and the 
starting/advance Starting signals are generally quite similar, due 
to having station dwell plus a major speed change included in 
the headway distance. 

All other signals have no dwell time in their headway distances. 
Some part of the braking or acceleration curve may lie within 
their headway distance for signals within a few km of a station, 
depending on where the station platforms are with respect to the 
signals, and the track gradients.

The examples have all assumed the starting signal was at the 
departure end of the platform. In practice there will always be 
at least 20 m (for signal sighting), and possibly a few hundred 
metres, between the signal and the platform.

The graphs below (figures 15, 16 and 17) show the typical signal 
spacing between the home, starting and advance starting signals 
for 12, 15 and 18 trains per hour. Also shown is the spacing 
between automatic signals, which are not influenced by the 
station dwell time, as per the previous examples.
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Figure 15 – Spacing at stations for 12 tph.

The dotted yellow lines show equal signal spacing assuming 
that the distance over two signal blocks is equally divided. 

The red line shows the optimised distance between the starting 
and advance starting signals. This is determined by setting 
the dwell time to zero, which in turn will reduce the headway 
distance to include only buffering for the stopping and return 
to line speed. Half of the two-signal-block distance will then be 
the optimum distance between the starting and advance starting 
signals. This is because no changes to the station dwell time can 
affect the time to cover the distance beyond the station.

Subtracting this distance from the two-signal-block distance 
gives the optimum distance between the home and starting 
signals (blue line). Optimising these distances allows the other 
signals approaching and departing from the station to also be 
optimised.

The graphs for 15 and 18 tph (figures 16 and 17) are similar to 
the 12 tph graph, except for shorter signal spacing, and kinks at 
20 and 30 km/h due to the requirement for signal spacing to be 
more than train length plus overlap distance. 
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Figure 16 – Spacing at stations for 15 tph.
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Figure 17 – Spacing at stations for 18 tph.

The bump in the curves on each graph at 55 km/h are caused 
by the overlap increasing from 120 m to 200 m at speeds higher 
than 55 km/h.

The 18 tph ‘home to starter’ curve (figure 17) shows the signal 
spacing becoming limited by the brake curve above 155 km/h.

One can note that the ‘Signals equally spaced’ curve lies 
approximately half-way between the other two curves, and ask 
“Why go to all the trouble of optimising the signal spacing?”. 
The reason is to reduce the total number of signals. For instance, 
in a 100 km/h section of track designed for 12 tph with 30 s 
station dwell time, a 19 km section of track will require nine 
equally-spaced signals, or seven optimised signals. Similarly, for 
18 tph with 30 s dwell, an 11.25 km section of track will require 
seven optimised signals or eleven equally-spaced signals.

Conclusion
It has been shown that there is a good chance that 
signal engineers and train operations may have different 
understandings of what headway is, unless they clarify what 
operating margin is included.

Examples have shown that several factors contribute to 
achieving reliable train frequencies, such as the permitted line 

speed, driver behaviour, train acceleration and braking rates, train 
length, signalling principles (such as overlap length), planned 
station dwell time, and most importantly, passenger behaviour.

A case study has shown that terminal stations may pose a 
greater constraint on capacity than the signalling, and a method 
has been suggested to allow quick assessment of achievable 
capacity on a new line.
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Is it time to make the next step and be 
recognised for your progression?
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INTEROPERABILITY

Application of the European interoperability 
verification process to infrastructure projects 
Martin Westerman

All modern railways need to conform to standards and have an 
assurance regime to ensure that products and systems are safe 
and deliver against requirements.

The European Union (EU) interoperability regime has introduced 
a suite of railway specifications along with a common system for 
verification and approval across all of Europe.

This article provides a brief overview of the interoperability 
regime, noting its relevance beyond the EU. It summarises 
experience of application to GSM-R infrastructure within Great 
Britain (GB) and provides some thoughts for effective adoption 
on other complex infrastructure projects such as ETCS.

So, if you’ve wondered what interoperability means, or were 
curious what a Notified Body does, then read on.

Interoperability in the EU and beyond
The interoperability regulations are legally mandated within the 
EU through the Interoperability Directives (EU 2016/797 and 
2008/57/EC plus amendments). The directives aim to ensure 
that common Technical Specifications for Interoperability (TSIs) 
are applied across Europe’s railways and to establish a common 
European verification and authorisation process. They set out 
the conditions to be met to achieve interoperability within the 
Community rail system, which are met through the processes of 
design, construction, placing in service, upgrading, renewing, 
and operation and maintenance of parts in the system.

The directives are implemented by national legislation within 
EU member states. In the UK this is done through the Railways 
(Interoperability) Regulations 2011 (RIR). This applies to new, 
major, upgraded or renewed infrastructure and rolling stock and 
details the country-specific roles, responsibilities and processes. 
Applicants have to follow a framework including independent 
scrutiny and, in Great Britain, have to seek an authorisation from 
the Office of Rail and Road (ORR) to place infrastructure or rolling 
stock into service.

An important and interesting objective of interoperability is 
one of economics, dating back to the Treaty of Rome and the 
four ‘freedoms’ - free movement of goods, capital, services 
and people. The aim is for harmonised and interoperable 
specifications, combined with a common certification approach 
which results in economy of scale and reduces cost. Once a 
system is certified as interoperable it opens the door to new 
markets, and not just in Europe.

The legal requirement for interoperability on railways within 
the EU means that international suppliers must understand and 
adopt the processes and technical requirements in order to 
supply into Europe. The availability of robust and open railway 
specifications and approvals processes, supported by availability 
of proven systems such as ETCS provides an obvious benefit 
to non-EU countries who can easily adopt elements of the 
interoperability and safety regime as project requirements and 
gain the benefits of an internationally recognised regime.

In parallel with the Interoperability Directive, there is also 
the Safety Directive which introduces and mandates a suite 
of Common Safety Methods, including the one covering Risk 
Evaluation and Assessment (CSM RA). This introduces the 
requirement for an independent assessment body on significant 

technical, operational or organisational changes. Similarly, a CSM 
RA process can be adopted beyond the EU.

The authorisation process
A project must seek a formal Authorisation for Placing Into 
Service (APIS) from the National Safety Authority (NSA) before 
placing an interoperable subsystem into use. The ORR is the NSA 
in GB.

The first step in the process for any project implementing a 
system which falls into the scope of interoperability and the 
regulations is to fully define the scope of authorisation required 
and the extent (and versions) of the TSIs to be applied. This is 
formally agreed with the national ‘Competent Authority’, which 
is the Department for Transport in GB. This is a critical step, since 
it sets the strict APIS goalposts for the project, and the failure 
to identify and adopt all requirements would not fall within the 
limited grounds for seeking subsequent derogations to TSIs.

EC and national rule verification
The project and applicant for APIS has to comply with the 
technical requirements and verification process.

The verification procedure is split in two parts: an EC verification 
procedure carried out by a Notified Body (NoBo) and a 
verification procedure in the case of national rules carried out by 
a Designated Body (DeBo). 

A NoBo is an independent organisation accredited to undertake 
conformity assessment of a project against relevant TSIs which 
define the technical standards required to satisfy the essential 
requirements to achieve interoperability. The requirements 
include safety, reliability and availability, health, environmental 
protection and technical compatibility. In GB the Department 
for Transport (DfT) appoints NoBos based upon an assessment 
against certain criteria, including competence, independence 
and integrity as required by the regulations.

Similarly, DeBos are independent third parties appointed to 
assess and verify conformity of projects with National Technical 
Rules (NTRs). NTRs are those standards which the directive 
requires each member state to notify to the commission where 
it contains an identified ‘open point’ or specific case requiring a 
country-specific solution and where derogation from a TSI has 
been notified. DeBos operate in tandem with NoBos.

A NoBo and DeBo should be engaged early within a project 
to allow the verification activities to proceed in parallel with the 
design and production activities. This also allows their verification 
approach and activities to be properly integrated with the 
project’s activities and provision of compliance evidence.

The final outputs of the NoBo/DeBo process are formal EC 
certificates and an associated Technical File (TF).

Certificates and Technical File
The structure and content of the NoBo’s certificates and 
technical file is well defined, although there is some flexibility. 
However, it must include detail of the design and production 
of the following: general and detailed electrical and control-
circuit diagrams; description of data-processing and automatic 
systems; list of interoperability constituents or copies of the EC 
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declarations of conformity; conditions - limits and characteristics 
of the project subsystem; manuals and instructions relating 
to the servicing, constant or routine monitoring; adjustment, 
maintenance and configuration controls; and documentation or 
records demonstrating compliance with the NTRs.

The verification process
There are different ways a NoBo/DeBo can carry out their 
assessments using combinations of conformity assessment 
modules and these can be selected to minimise project cost and 
risk.

The project has to provide the NoBo/DeBo with project 
information including details of how the design and production 
meet the mandatory requirements of the relevant TSIs (including 
the listed mandatory specifications) and NTRs. This may be 
achieved through a series of compliance matrices which presents 
the design and production compliance argument for each 
individual clause.

The NoBo/DeBo has to take a binary view of compliance – 
either there is sufficient evidence to demonstrate compliance or 
there isn’t. 

By default, the NoBo can only issue full certificates if the system 
is compliant with all the relevant TSIs in force at the time. This 

can cause problems with assessing systems which interface with 
those managed by different infrastructure managers or with 
projects which may have been installed to earlier versions of the 
TSIs. In such circumstances, derogations may be required which 
can only be granted via the nation’s Competent Authority (DfT in 
GB).

Similarly, the Safety Authority (ORR in GB) can only grant 
the APIS if the project is fully compliant with current TSIs or 
derogations are in place.

The regulations can seem complex and daunting. It is 
sometimes more straightforward for rolling stock items to receive 
verification and authorisation for interoperability compared to 
some types of fixed infrastructure. This is because generally 
infrastructure has to be upgraded without disrupting service, 
while rolling stock can be done ‘off-line’. Control command and 
signalling subsystems that interface across different infrastructure 
managers can face difficulties. 

Experience gained with Gb GSm-R infrastructure 
authorisation
GSM-R is the radio system which provides voice communication 
for railway operations and also acts as the data bearer for ETCS. 
The experience of deploying GSM-R infrastructure in GB is a 
useful case study and highlights some interesting points of 
relevance to future projects.

The Network Rail GSM-R programme commenced before 
the interoperability regime was in force but it was clear that 
authorisation would be required. The programme hence became 
an interoperability pioneer in GB.

A NoBo was first engaged in 2004. Options on how the 
assessment could be carried were considered and agreement 
was obtained from the DfT to assess against the 2006 Control-
Command and Signalling TSIs.

Verification of conformity with TSIs is carried out using 
combinations of assessment ‘modules’. Some are based upon the 
NoBo examining the full compliance detail, with others involving 
an assessment of the applicant’s quality systems’ ability to 
manage compliance ‘in-house’ (subject to audit by the NoBo).

For the GSM-R infrastructure, it was decided to use module SB 
supplemented with modules SD and SF. These are described 
below.

Directive

Technical 
specification for 
Interoperability 

(TSI)

Harmonised European 
Standards (ENs)

Notified 
National

Technical Rules

The hierarchy of the interoperability directive and standards.

Design

Production Inspection based

Self assessment

QA based

SB type examination

SA
internal 

control of 
production SC

conformity 
to type

SD
production 

quality 
assurance

SE
product 
quality 

assurance

SF
product 

verification

SG
unit

verification

SH
full quality 
assurance

Assessment modules used for authorisation.
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For module SB, a NoBo examines the technical design of a 
subsystem (or ‘Type’) and verifies and provides clear evidence 
that the design of the subsystem meets the requirements of the 
relevant TSI(s). This leads to issue of an EC Type Examination 
certificate.

Module SF is based on product verification, in which a Notified 
Body confirms that the sub-system implementation (deployment 
along a line of route in the case of GSM-R) is compliant and 
falls within the design (or ‘type’) described in the EC Type 
Examination certificate, leading to issue of an EC Certificate of 
Verification.

Verification using module SD is based on a quality management 
system of the production process. The Notified Body assesses 
the project-specific quality management system which ensures 
that the production process results in a compliant sub-system 
implementation. The NoBo periodically audits this production 
process, and has the ability to formally withdraw certificates

The initial Strathclyde pilot area in Scotland and the early 
deployment routes were assessed using modules SB and SF. This 
approach was seen to present reduced project risk associated 
with achieving certification, since the project’s roll-out processes 
were not mature at that initial stage and would likely have caused 
a delay to the programme.

Once the processes had matured, however, the NoBo assessed 
the quality management system (QMS) and this allowed the 
project to continue national deployment of the GSM-R system 
under module SD using the approved QMS with periodic 
surveillance audits carried out by the NoBo.

The transition from SB plus SF to SB and SD has been a useful 
method of assessment, allowing the quality processes to develop 
and mature as part of the project deployment programme and 
roll out.

The Technical Files produced by the NoBo are ‘snapshots’ 
of compliance at the time the assessments and certification 
was carried out. As part of the roll-out process followed by 
the project, auditable evidence of following the approved 
QMS needed to be recorded. This led to the NoBo’s part of 
the Technical File being termed ‘Volume 1’, with the project’s 
‘Volume 2’ containing the evidence of production plus evidence 
of continued compliance associated with minor changes not 
requiring NoBo reassessment.

This approach worked well for the national deployment, 
however a change in approach was needed for subsequent 
projects requiring geographic extensions to the GSM-R network.

Some of the issues driving a change of approach were:

• Projects requiring additional GSM-R infrastructure 
authorisations (e.g. Borders Rail) needed to be authorised 
against a later version of the CCS TSI than were applied as 
part of the national rollout.

• Other Infrastructure Managers (e.g. HS1 and Crossrail) 
would make use of the Network Rail ‘core network’, and 
including all parties’ information in a single Technical 
File document could lead to issues over the visibility of 
commercial sensitive information 

• The national GSM-R project team had disbanded following 
completion of the national roll-out programme, such 
that there was no longer an ‘owner’ of the NoBo QMS 
approvals.

As a result of the above, the NoBo’s ‘Volume 1’ of the Technical 
File was split into parts which allowed the common national SB 
assessment to cover multiple CCS TSI versions, and other parts 
produced for each project/Infrastructure Manager using module 
SF.

The Network Rail roll out of GSM-R was an interoperability pioneer in the UK.
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Lessons for ETCS and other interoperable projects
Unlike GSM-R, there will not be the same concept of a national 
core network which each subsequent implementation can rely 
upon. GSM-R infrastructure has used modules SB, plus either SF 
or SD. ETCS may be more difficult with possible use of further 
modules (particularly quality-based ones such as SH1 under 
which EC verification is based on a full quality management 
system plus design examination). There may be further issues 
with interoperable constituents, such as balises and radio block 
centres, which are certified in their own right.

There may be added complication at interface points where 
the NoBo has to consider technical compatibility and safe 
integration. This may be more challenging to demonstrate where 
the other side of the interface has already been certified using 
a different assessment approach and possibly different CCS TSI 
versions.

The choice of appropriate assessment modules, such as SB, 
SF, SD and SH1, and / or the establishment of a robust quality 
management system should be an early consideration for all 
projects. Different modules have implications on time and 
resources which may impact on the risk to the project.

Key messages
An unfortunate consequence of having a comprehensive suite of 
detailed technical specifications plus assessment, verification and 
approval processes is that the documentation set is necessarily 
large and complex. There is a large volume of procedural and 
technical requirements for a project to manage.

The first important point with complex systems requiring 
verification, and in particular for systems which may operate 
across multiple infrastructure managers, is the importance of 
planning the initial and long-term compliance approach. TSIs will 
evolve and change, and projects need to recognise this and plan 
to accommodate change as best they can throughout a project 
lifecycle.

Adopting later versions of TSI and mandatory specifications 
may be driven by interfacing systems connected to different 
infrastructure managers, and there may be multiple authorising 
applicants and technical file owners. Projects must recognise that 
there are strict criteria governing derogation against TSIs in force 
at the time of seeking authorisation.

Selecting, choosing and agreeing with all parties the 
appropriate assessment module(s) is vital to achieve a balance 
between project risk and efficiency. A robust maintenance and 
management process for the technical file must be established at 
an early stage, recognising that compliance evidence gathered 
will be important to any NoBo needing the evidence to support a 
verification submission. 

The maintenance and management process for the TF must 
be transferred seamlessly into the day-to-day operation and 
maintenance of the system. A ‘minor change’ reconfiguration to 
the system may become very important when another verification 
submission is required. Failure to gather evidence that 
compliance has been maintained may result in difficulties and 
delays when any update to the NoBo certificate is required. The 
process must recognise that there may well be multiple owners of 
the TF.

Early planning is vital, not just for initial certification and 
authorisation, but a strategy must be in place to accommodate 
how maintenance and upgrades will be carried out. Projects 
must engage early with the DfT and ORR to agree an achievable 
scope, together with a pragmatic approach to authorisation. 
When seeking authorisation from the DfT, projects need to be 
very clear about the scope of any derogation being sought and 
the party and organisation it applies to. 

A robust, but flexible, contracting strategy with suppliers will be 
required. The procurement contract will need to accommodate 
changes to the TSIs during the course of the project, together 
with providing a framework and base for any subsequent 
upgrades, additions or connections to other subsystems.

So, in summary, interoperability is a complex area, but one with 
laudable aims which bring standardisation and economies of 
scale to the industry worldwide. It is recognised, however, that 
these might not feel so beneficial from a project’s perspective, 
but if they are delivering their project in accordance with a robust 
requirements management process there should be no serious 
issues. Interoperability is effectively just an assurance process to 
confirm good engineering practice.

Like most successful projects, early planning and using the 
experience and lessons learned from previous projects is the 
key to success. There is normally a clearly identifiable path to 
achieving the necessary authorisations, and the general advice to 
projects is to use the experience of NoBos and regulatory bodies 
to agree this path at an early project stage.

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

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

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

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

Step back, review, reflect.
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HEALTH AND SAFETY

Railways are sometimes unfairly referred to by some as being 
behind other industry sectors, in terms of adopting new 
techniques, innovations and ways of working. However, there 
are a number of notable exceptions to defend this wrong 
assumption and one is the rail safety management systems, and 
the continually improving rail industry safety record. 

At the very top of the various safety management systems is 
the Railway/Risk Management Maturity Model, known as RM3. 
As well as the GB railway industry RM3 is being taken up by 
the European Railway Agency and is being implemented by 
railways in Hong Kong and Dubai. Its success has resulted in its 
application starting to appear across wider industry outside of rail 
and this has now been reflected in the change of name from the 
Railway Management Maturity Model to the Risk Management 
Maturity Model. The latest version was released in June 2017 
and has been extensively updated in order to make it more 
accessible, user-friendly and easier-to-use. 

The UK Office of Rail and Road (ORR) and the Health and Safety 
Laboratory (HSL), in collaboration with the rail industry, first 
developed and published RM3 in 2011 as a tool for assessing an 
organisation’s ability to successfully manage health and safety 
risks. RM3 draws in emerging knowledge from incident reviews 
from both the safety and commercial risk areas, examples of 
which include the Baker Report into the Texas City Explosion, 
The Haddon-Cave Nimrod Review and the Walker Report into 
Governance within the UK Finance sector.

Saving lives
An independent evaluation in 2014 confirmed the value of RM3 
and the ORR has worked in collaboration with the HSL to ensure 
that it remains up to date and relevant. RM3 shows stakeholders 
how to demonstrate progress towards excellence in health and 
safety management and risk control, and in simple basic terms it 
fosters a safety management excellence culture in order to save 
lives.

Good safety management consists of: plan, do, check, act 
in a constant cycle. The RM3 model provides a route map to 
implement this and to help organisation to continuously improve 
towards excellence in health and safety management. It is also 
the tool used by ORR Inspectors in GB when assessing the 
effectiveness of duty holder risk management systems.

RM3 defines what excellent management looks like, which 
includes:

• Leaders inspiring confidence and commitment, safely taking 
their teams through periods of change.

• Making full use of employees’ potential and actively involving 
them to develop shared values and a culture of trust, 
openness and empowerment.

• Health and safety strategy being used to challenge the 
organisation to achieve business performance which is in line 
with the best-performing organisations.

Key elements 
The aim of RM3 is to make sure that the health and safety of 
everyone associated with industry is protected. This includes 
properly identifying, assessing and controlling risks and 
complying with relevant legal provisions in GB. These include: 
The Health and Safety at Work etc Act 1974, Management of 

Risk management maturity model
Paul Darlington

Health and Safety at 
Work Regulations 1999 
(MHSWR 1999) and the 
Railway and Other Guided 
Transport Systems (Safety) 
Regulations 2006 (ROGS).

Use of RM3 allows 
organisations to manage 
their operations via the 
application of a systems 
process that is in line 
with other management 
systems standards such as 
ISO 9001: 2000 (Quality) 
and ISO 14001: 2004 
(Environmental). The 
objective is to achieve 
a balance between the 
systems, behavioural 
and cultural aspects of 
management. 

RM3 describes what 
excellent management 
capability looks like by 
means of a five-point 
maturity scale, ranging 
from ad-hoc through 
managed, standardised, 
and predictable up to 
excellence (figure 1). The 
model contains five groups of 26 elements. For each element 
within the model defined assessment criteria are set out, which 
enables a good understanding of an organisation, and whether 
an organisation’s health and safety management system can 
deliver excellence in risk control. 

The five groups of elements can be summarised as:

1. Health and safety policy, governance and leadership.
Leadership is key to any activity. For safety, this must be 
demonstrated in the company’s health and safety policy, the 
boards governance, and a written well-structured health and 
safety management system. This needs to be useful and practical 
to all in the organisation who will be required to comply with the 
system. 

2. organising for control and communication.
Allocation of responsibilities together with management and 
supervisory accountability must be clear and unambiguous. 
The organisational structure and internal communication 
arrangements need to be clear and avoid duplication, along 
with the system safety and interface arrangements. The control 
and communications must encourage a robust health and 
safety culture, and good record-keeping. Document control 
and knowledge management must support this objective. The 
organisation must be structured to help put policies into practice 
as efficiently as possible and there must be a clear understanding 
of how each person’s role affects the organisation’s ability 
to achieve specific goals and the overall objectives. The 
organisation should provide the framework for using people, 
plant and processes successfully and communications up, down 

Figure 1 – The RM3 five-point maturity scale.
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and across the organisation must be effective. Communications 
should be appropriate for the target audience, with the right 
message received at the right time, by the right people and 
through the appropriate channels.

3. Securing co-operation, competence and development of 
employees at all levels.
Worker involvement and internal co-operation at all levels in the 
organisation must be developed and maintained. Employees 
and managers competence (knowledge, skills, experience 
and abilities required to work effectively, efficiently and safely) 
need to be continually developed to meet changing business 
and safety requirements. These must be confirmed by robust 
competency management assessment systems which, where 
appropriate, may need to be independent. Recruitment, 
selection, training and continued development of people must 
focus on meeting the organisation’s objectives. Good successful 
companies are those whose employees are actively involved in 
developing processes and making the business successful and 
safe. 

4. Planning and implementing risk controls through  
co-ordinated management arrangements. 
This includes risk assessment and management with objectives 
and target setting. Risk assessment must include an assessment 
of the likelihood and impact of hazards and the identification of 
practical mitigation measures. Workload planning must include 
safe systems of work (including safety critical work). Management 
of assets throughout their entire life must be demonstrated along 
with change management (including process, organisational and 
engineering). Safety can be compromised when assets, process 
or organisations are changed without a robust assessment of 
the impact of the change. Control of contractors must also be 
managed appropriately and safety responsibility cannot be 
totally contracted out. Robust emergency planning processes 
and procedures must be in place for when things go wrong. 
Good organisations will systematically implement processes to 
make sure that the plant, people and procedures are fully used; 
continually improving effectiveness, efficiency and safety to 
achieve the organisation’s objectives.

5. monitoring, audit and review.
Monitoring is an important part of an organisation’s management 
arrangements at all levels. Performance measures and audit 
programmes must be used to continually encourage everyone 
to achieve the organisation’s objectives and reduce the risk to 
the business. Variations from expected outcomes need to be 
reviewed to understand where the organisation is failing and 
what corrective action is necessary to restore performance. Good 
successful organisations actively seek opportunities to identify 
good practice from both within the organisation and from others. 
Mangers will not see an audit as a threat, but should welcome 
the opportunity of an independent check of their activity and 
to learn and improve from other managers/engineers. Incident 
investigation arrangements need to be based on independence 
and identifying the root cause. These must be subject to 
management review and traceable corrective actions.

Assessing compliance with Rm3
The Risk Management Maturity Model is intended to support the 
assessment of an organisation’s health and safety management 
system. This will identify whether the management arrangements 
provide and maintain risk-control systems that protect the safety 
of people affected by the organisation’s activities. 

Assessors should adopt an evidence-based approach to 
evaluating the management of risk. Several sources of data, 
information and knowledge can be used to measure the risk 
management maturity. 

Information on the performance of duty holders will be 
gathered in a variety of ways, through interviewing individuals at 
various levels through an organisation, inspecting and reviewing 
documentary evidence and through direct or indirect observation 
of conditions found on at site.

Assessors will use their judgement when deciding which criteria 
and evidence to use, and will consider the following issues. 

• Currency of the information – when the evidence was 
gathered and whether there is likely to have been any 
significant changes since then

• Quality of the evidence - whether the evidence is based on 
a limited observation from one site or is consistent across a 
number of sites 

• Quantity of the evidence - whether there is enough evidence 
to provide an informed opinion on the organisation as a 
whole. For example, if evidence on document control for a 
small depot revealed an ‘ad hoc’ level of achievement, is that 
sufficient to form an opinion on the document-control system 
for 30 other, much larger, depots? 

• Consistency of the evidence - if evidence from a number of 
sources suggests a similar level of maturity this would indicate 
that the findings of the assessment are accurate. 

How the health and safety management system works in practice 
is, in terms of risk management, generally more important, than 
how it appears on paper and the assessment should focus on 
the day to day application of the safety management system. 
Using the RM3 model it is possible to identify the gap between 
the ‘work as imagined’ of the written safety management and the 
‘work as done’ actions taken at the sharp end.

Evidence collected during assessments and investigations 
should be compared against the descriptions of each level and a 
judgement made of the health and safety management capability 
of the company. This will enable the organisation to understand 
its strengths and target areas for improvement. 

This approach enables assessors to interpret information to 
aid consistent judgement of the relevant performance of an 
organisation’s or group’s management system and to identify 
areas of good practice that can be shared across industry. 
Assessors will be able to identify deficiencies in management 
systems that may impact on issues wider than safety, such 
as efficiency and performance, especially in relation to asset 
management.

The key principles behind RM3 and with any good safety 
management system are that 
both health and safety are most 
effectively managed when 
they are integrated with other 
management activities and 
managed in the same way. 
Sometimes organisations get 
this wrong and put health and 
safety processes in place that, 
while well intentioned, are 
too onerous and complex, 
and which do not receive 
the right support across 
the organisation. Using 
RM3 correctly will help to 
avoid this and the model 
developed for and by rail is 
now being adopted by other 
industries. 

1

RM3
The Risk Management Maturity Model
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IRSE PEOPLE

An interview with ... Keith Walter
Paula Persson

I asked Keith to tell me a little about himself and his career as an 
engineer along with the volunteer work he does for the IRSE and 
what he what he enjoys the most about volunteering for the IRSE.

Keith is currently working as a senior project engineer at 
Siemens which offers him interesting new challenges which he 
relishes. He graduated with a BSc in electronics engineering from 
the University of Wales following advice to study engineering so 
that he could take his pick of jobs at graduation. However, in his 
graduation year of 1972, Britain began to suffer a period of rising 
unemployment, frequent strikes and severe inflation. Only 10 per 
cent of his graduation class were able to secure a job on leaving 
university that year. Unvanquished, Keith made his way back 
home to his native Glasgow. He walked into British Rail’s offices 
in the city and coolly asked for a job. Without even knowing his 
exam results, they offered him one directly, as a technical officer. 
He relates that inflation was rising so high in the UK in the 1970s 
that between being offered the job (technical officer) and actually 
starting he received a pay rise which he believes was the largest 
ever paid to BR staff at approximately 25%! Six months later he 
was promoted to senior technical officer. 

The first area where Keith gained Industry experience was level 
crossings. He related with some humour just how astonishing and 
unpredictable the road/rail interface can be.

Later in his career, during the Inquiry into the accident at 
Ladbroke Grove on the UK Great Western main line, Lord Cullen 
asked Keith to decode the on-train data recorder from the 
Thames Turbo train involved in the disaster because, when 
downloaded, the data did not make sense to anyone. Although 
no one can ever be categorically sure of the reason why this 
tragedy occurred, Keith related that it had been immensely 
satisfying to decode the data evidence showing that the 
Thames Turbo had accelerated past the red signal thus leading 
investigators to conclude that the danger signal had been 
misread.

Keith’s first IRSE volunteer experience was based in Glasgow 
in the 70s as a member of the then IRSE Student and Graduate 
Committee. Keith remembers that BR would often schedule 
special trains specifically for IRSE members to take them to 
technical visits. Keith has also served as a member of the 
IRSE’s Council for 12 years until, according to the rules in the 
Institution’s articles of association, it was not possible to stand 
any longer for election as a Council Member. Around 15 years 
ago he began to arrange technical visits, which he enjoys 
immensely. This volunteer work involves engaging speakers and 
suitable venues as well as coordinating visitors’ travel to the 
event location. He’s had lots of fun organising these visits over 
the years and related to me a particularly convivial visit that he 
helped organise (and attend) which educated members in the 
engaging field of distillation engineering. Currently Keith is also 
involved in the Audit Committee for the IRSE Council, which 
ensures each of the committees within the Institution continues 
to run effectively and within Council guidelines. In addition, he 
often serves as an IRSE exam invigilator in London during exam 
time in October when a train trip to a convention does not 
conflict.

Keith explains that he primarily arranges technical visits from 
London and therefore has to rely on the support of contacts 
within the local sections to help secure venues or tours/visits of 
ongoing engineering projects. On occasion, permissions have 
been withdrawn by engineering firms for various reasons and the 
visits have had to be cancelled at short notice. Permissions for 
site visits to see how a particular signalling project is progressing 
can often come down to who the IRSE President is on a given 
year and their senior connections within a firm, thus giving the 
go-ahead for an IRSE visit. Of course, it’s altogether different 
when the President happens to be based outside the UK which 
means that most of their professional contacts will be in the 
country they work in. This means that the local sections in the 
President’s location will particularly benefit that year. Although 
there can be some frustrations and disappointments along the 
way, Keith has never thought of giving up this volunteer role.

The next in our series of interviews with a number of IRSE 
members sees Paula talk to Keith Walter. A UK-based 
signal engineer, Keith has played a major role in many of 
the activities of the IRSE over an extended period of time, 
with his current voluntary activities including arranging our 
hugely popular technical visits, and being a member of 
the Audit Committee.
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Keith has made lots of like-minded friends whilst volunteering 
for the IRSE. He revels in the diverse interaction with members 
both in the UK and those he meets from all over the world. 
Through the years he has met so many people that he sometimes 
finds himself in that awkward situation where he knows he knows 
someone, but just can’t remember precisely who they are! He 
also described the sense of satisfaction experienced once a 
Local Section visit has been enjoyed by all and at the end of the 
day, the group says: ‘thank you,’ even when, due to unforeseen 
circumstances, things haven’t exactly gone to plan. 

The amount of Keith’s free time spent volunteering is also quite 
varied. There can be lots of events to organise as well as some 
committee work happening at the same time, and there are 
often quiet periods for some months afterwards. The level of 
involvement and autonomy can also be quite varied depending 
on how the President for a given year prefers to work. Some 
like to organise site or technical visits themselves whilst others 
choose to leave it to IRSE volunteers.

The annual IRSE convention held this year at Fort Worth, Texas, 
saw Keith’s 34th consecutive year in attendance.

Look out for an article by Keith in a forthcoming issue about his 
adventures travelling to and from the convention in Beijing last 
year, by train! Keith has also raised the challenge for anyone to 
name the location of the photograph on p28. Tell us what you 
think at irsenews@irse.org.

For more information 
on IRSE activities 
visit our website

Do we have your 
most up to date 

details?

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

Also look out for our tweets at  
@IRSEHQ.

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

Thanks for checking!

Did you know
 ... that reading IRSE NEWS 
can be part of your continuing 
professional development?

So can attending IRSE section 
meetings, conferences, seminars 
and a wide range of other activities.
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Keith in the driving seat.
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PROFESSIONAL LIVES

News from the IRSE
Francis How

IRSE MATTERS

 

Presidential Programme Technical meeting
The third technical paper in our Presidential Programme series 
will be held on 6 December at the IET’s Austin Court conference 
centre in BIRMINGHAM, starting at 18.00 (refreshments are 
available from 17.30).

The title of the presentation is “What follows GSM-R?”, and the 
speakers will be Clive Kessell and Paul Darlington, both of whom 
will be well known to many IRSE members and have had a long 
involvement in the railway telecommunications industry. 

New IRSE Section in Japan
At its meeting on 12 October, the IRSE Council approved the 
formation of a new Section, in Japan.  This ambition has been 
pursued since 2016, and the new Section will have its inaugural 
meeting on 1st November in Tokyo.  Our congratulations 
to Professor Yuji Hirao who has led the work, and to all our 
colleagues in Japan on this achievement. There will be more 
news about the Japan Section in a future edition of IRSE NEWS.

IRSE Exam 2017
By the time you read this over 150 candidates will have taken 
one or more modules of the IRSE Exam, at exam centres around 
the world in early October. The results will be out in early 2018. 
Passing the Exam is a considerable achievement, as those 
who have taken it will testify. If you think the Exam might be 
something you would like to tackle, now is a good time to begin 
preparing for it. You can find more information on the IRSE 
website about the Exam process, study materials etc. 

Systems Engineering Seminar: birmingham (UK), 
19 April 2018
Following our highly successful joint seminar with INCOSE last 
year on Systems Engineering for Signalling, we are holding 
a successor event on 19 April 2018, at the University of 
Birmingham (UK).

This time we are planning to concentrate on one aspect of 
Systems Engineering and explore its impact on the wider railway 
industry, not just signalling. The subject we have chosen for the 
seminar is the application of Requirements Management for 
railway projects and we are seeking papers and presentations on 
this subject.

The event will include sessions on requirements derivation, case 
studies of requirements management, and – intriguingly – “How 
to Sabotage a Project Using Requirements Management”.

Younger members’ Annual Seminar: Newcastle, 
(UK), 16/17 November 
The IRSE Younger Members’ 2017 seminar will be held at the 
Newcastle College Rye Hill Campus on Thursday 16 November, 
with the theme “Homogeneous Transport Systems”. The 
seminar will be followed by technical visits to the Nexus Tyne 
& Wear Metro and Newcastle College Rail Academy on Friday 
17 November. 

Newcastle is not the only city updating its transport network. 
How can regions ensure that their transport system is fit for 

the future and also ensures connectivity within the region and 
between regions? The IRSE Younger Members are delighted to 
announce a range of speakers from projects and areas across the 
UK to discuss what is happening, and can be done to meet this 
challenge.

This year the seminar will not just feature excellent 
presentations but will also include a signalling workshop, with 
the aim of understanding signalling as a system, and we will be 
working together in teams to think ‘outside the box’. Further 
information is being confirmed and will be available soon.

If you are interested in attending, please e-mail  
younger.members@irse.org without delay, stating whether you 
wish to attend the seminar, technical visit or both.

minor Railways Section: Technical Seminar, 
18 November
The sixth technical seminar of the IRSE Minor Railways Section 
will be held at the Kidderminster Railway Museum, located at 
the Kidderminster Severn Valley Railway Station, Worcestershire 
on the above date. This meeting will be a continuation of the 
successful events held bi-annually since 2009, the theme this 
year is “New technology applied to Minor Railways”. The day 
will concentrate on the management and implementation of new 
technology and its application on Minor Railways. Visit  
irse.info/gm2y4 for more details and booking information.

CbTC Seminar: Toronto, 30 November
On 30 November we are holding our second CBTC Seminar in 
Toronto (followed by a one day technical visit on 1 December). 
The event will feature:
1. Project descriptions and updates, specifically Canadian 

CBTC projects currently being implemented or planned.
2. The application of CBTC on LRT and commuter rail transit.
3. Lessons learned from implementing CBTC in a brownfield 

environment.
4. CBTC revenue service operating and maintenance 

experience.
5. Looking to the future; what are the user business needs? 

What research and development is currently underway on 
new/improved technologies? 

See irse.info/2hjvi for more details. 

USA Convention
The 2017 IRSE Convention took place in the last week in 
September, centred on Grapevine (near Dallas and Fort Worth 
in the USA). By any measure it was a great success, with a 
number of thought-provoking technical papers being presented, 
complemented by a stimulating variety of technical visits. There 
will be a full report on the event in the December edition of IRSE 
NEWS. 

For those of you planning for 2018, next year’s Convention 
will be in Switzerland, 28 May – 1 June. More details will be 
available soon, and booking is also scheduled to open soon. You 
can register your interest in attending the 2018 Convention at 
irse.info/jub5l.
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AUSTRALASIAN SECTION
Welcome to the Australasian Section!

Glenn miller, Chairman IRSEA Committee

The IRSE Australasian Section 
(IRSEA) was formed in 1947 and its 
membership is steadily growing. The 

National IRSEA Committee is currently chaired by 
Glenn Miller with Vice Chair being Kaniyur Sundareswaran. 

There are a number of sub-committees reporting to the IRSEA 
Committee of Management which consist of the Professional 
Education Committee (PEC) along with the Younger Members 
(YMS), the Australasian Communications Committee, the 
Operations Committee and the Safety Committee. The IRSEA has 
representation on the main global IRSE committees through a 
number of Australasian section members and Council Members.

Local technical meetings
IRSEA local technical meetings are held regularly in Western 
Australia, South Australia, New South Wales, Queensland, 
Victoria and ‘over the ditch’ in New Zealand. All are free – and 
everyone is welcome to attend and experience what the IRSE has 
to offer. Some are organised as joint events with other industry 
institutions and associations. 

On Friday 14 July the IRSE Australasian section held its 
technical meeting at the Brisbane Conference and Exhibition 
Centre, around the theme of “Byte by Byte?” As a prequel to 
the technical meeting the IRSE YMS held a very successful and 
well attended workshop on “Career Progression” arranged by 
Yvette Griggs with at least 15 young members, and a few ‘not so 
young members’, followed by a social meeting at the Pacino bar 
and eatery.

Friday’s technical meeting and proceedings were opened by 
the IRSE Australasian Section Chairperson Glenn Miller, whom 
welcomed guests to the event and made a brief speech on 
progress made and ways forward into the future for the IRSE. 
Next came the keynote address from the Chief Executive Officer 
(CEO) of Queensland Rail, Nick Easy. Nick presented an overview 
of Queensland Rail’s journey moving forward and the exciting 
projects that the business is working on in conjunction with the 
Department of Transport and Main Roads - ensuring Queensland 
is prepared for the future. This was a fascinating insight into the 
direction in which he is planning to move Queensland, and the 
way that they are embracing technology and change. 

The keynote address was followed by the IRSE Presidential 
Address by IRSE President Peter Symons, with Australasia 
being the very first of his Presidential speeches as he makes his 
way around the world to deliver more of his speeches to IRSE 
sections.

Peter also presented Malcolm Menadue and Howard Revell 
with their well-deserved IRSE Honorary Fellow (HonFIRSE) 
certificates and plaques. The HonFIRSE is a ‘life membership’ of 
the IRSE. This was awarded for their dedication, personal efforts 
and tireless devotion to the IRSEA and its members - thank you 
to both Malcolm and Howard. Certificates of Appreciation were 
presented to Joanne Gordon and to George Nikandros for their 
personal time and contribution to the IRSEA over more years 
than they all care to remember.

Technical papers were then presented through Friday. The 
technical papers are available to all at www.irse.org.au. A 
great panel session chaired by Brett Baker followed with the 
topic of “Can we possibly protect signalling safety systems from 
hackers?”

Following on from the technical meeting, there was a National 
IRSEA Committee meeting where the members met and a 
huge amount of work was done before heading off to meet 
everyone for an evening meal that went well into the night. All in 
attendance had a great time.

Bottom left, Nick Easy (right) with Glenn Miller.
Below, Malcolm Menadue and bottom, Howard Revell receiving their 
HonFIRSE certificates and plaques from Peter Symons.
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On the Saturday morning, many of the group headed off for the 
IRSEA arranged site visits and inspections around the local areas 
of Brisbane, such as:

• The Rail Management Centre (RMC) Mayne.
• A tour of Petrie station, Redcliffe Peninsula Line Junction and 

relay room. 
• A very tasty lunch at Morton Bay Boat Club.
• A visit to the Rothwell substation.

This was organised by the IRSEA Brisbane local committee 
section through a committee chaired by Mark Fynmore, with 
committee members Yvette Griggs, Brett Baker, Joanne Gordon, 
Les Brearley, Garry Josh, Howard Revell, Kaniyur Sundareswaran, 
Glenn Miller, along with the many people whom assisted on the 
day at the events. They included Geoff Willmott (IRSEA treasurer), 
Bill Milburn, John Aitken (IRSE website and registration IT person 
for the event), the many assistants for speaker timing, those with 
the roving microphones, those handing out information on the 
day, and the tour guides on site visits - the list is a long one. 

The event was very well organised and enjoyed by all. Not to 
be forgotten were the brilliantly organised and well run site visits, 
another main attraction to the technical meetings -thank you to 
all those whom organised this and to those in attendance, and 
our sponsors.

Below is a brief summary of some of the work underway in the 
various committees.

Younger members
The YMS is proud 
to announce 
their new Chair, 
Priannka Kumar.
Congratulations 
from all of us 
within the IRSE and 
elsewhere, and we 
look forward to the 
YMS participation in 
all upcoming events 
throughout the 
year, where younger 
members are involved 
in all technical meetings and add their special mix to the events, 
with a separate social program for at least one part of each and 
every technical meeting. They also assist the local organising 
committee with the main event.

If you have ideas or requests for a YMS technical meeting 
and/or social gathering across Australia and New Zealand then 
please email yms@irse.org.au or let us know through the YMS 
Facebook or LinkedIn page @irseayms.

operations Committee
The Chair of the IRSE Operations committee is Kaniyur 
Sundareswaran, who is also the Vice Chair of the IRSE 
Australasian section Committee of Management.

Members of the IRSE Operations Committee have many 
tasks they are undertaking, some being the fine tuning and 
implementation of the IRSE Australasian Section strategy plan, 
as was devised at the Adelaide AGM meeting with Committee 
of Management members and very recently updated at the 2017 
Sydney AGM and Technical Meeting. 

A selection of photos from the IRSEA Brisbane site visit. 
Top left, Rothwell substation.
Top right, relaxing over the lunch break at Morton Bay Boat Club.
Above, the group visiting Petrie station.
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Others are the IRSE budget for the Australasian section, along 
with a host of other initiatives including IRSE Australasian section 
awards and bursaries, young members and how to get industry 
and others more involved, IRSE and Industry involvement, local 
committees of the IRSE and how to get more people involved 
and spread the word about the IRSE. 

Professional Education Committee updates
The IRSE PEC committee, along with Rail Innovations Australia, 
are continuing to arrange an alternative provider for the Rail 
Signal Engineering Post Graduate Diploma and it is anticipated 
that a Training Provider will be decided upon soon and 
registrations taken.

If you are a prospective student or know of people whom want 
to undertake a rail signalling and systems post graduate diploma 
or other, then please contact the RIA and IRSEA website and 
leave your details so we can ensure you are kept up to date with 
the progress.

Members of the committee are also involved in the Australasian 
Railway Association (ARA) National Competencies system for 
rail signalling and Communications, with Trevor Moore, the 
chair of the committee, tasked with agreeing on a National 
Competencies system and for the implementation process with 
the various members of the Competencies committee, who 
represent their accredited rail operator or organisation.

Also keep an eye on the IRSE Australasian website and the ARA 
website for updates on upcoming short courses such as, ‘An 
Insight into Railway Signalling’, and ‘Rail Signalling and Systems’ 
and others being developed currently (visit www.ara.net.au for 
more information). If you have any courses you wish to undertake 
or would like to see developed then please contact the PEC via 
the IRSE Australasian website.

Remember that all IRSE technical meetings and technical 
seminars count towards your Continuing Professional 
Development (CPD) and are recognised by Engineers Australia.

Australasian Railway Industry Awards (ARIA) 
On the evening of 13 July, the Annual Australasian Railway 
Industry awards were held in Sydney, with the IRSE sponsored 
“Systems Engineering“award being proudly presented to the 
winner, Zdenka Wright (from MTM-Metro Trains in Melbourne) by 
the President of the IRSE Peter Symons.

Zdenka is a Signalling Engineer with eight years’ experience 
in the rail industry and the author of a technical paper on ‘The 
Development of a Signal SPAD Risk Ranking Tool’ published 
by the IRSE which she presented at the IRSE National Technical 
Conference in Melbourne in November 2016.

Zdenka was the recipient of the 2016 IRSE ‘Shining Light’ 
Award for graduating with the highest grade point average in the 
Graduate Diploma of Railway Signalling Program from Central 
Queensland University and is currently employed by Metro Trains 
Melbourne as the signal sighting and integrity engineer where 
she chairs the Signal Sighting Committee and leads initiatives 
to achieve positive signal sighting outcomes and SPAD risk 
reduction across the Melbourne metropolitan network.

The IRSE wish to thank the other Engineering Institutions and 
Associations; ARA, PWI, RTSA, RTAA and the organisers for a 
brilliant event well organised as usual by Janet Cameron.

IRSEA Certificates of Thanks and Appreciation to 
Australasian Rail Industry as Industry Partners
The IRSE is ensuring that thanks and a vote of appreciation, 

along with a certificate of true appreciation is presented to major 
sponsors and to those whom are true partners of the IRSE within 
the Australasian railway industry. 

On 25 July, the Institution of Railway Signal Engineers 
Australasian Section made a presentation to the Australasian 
Railway Association (ARA) at the Understanding Rail Course in 
Sydney.

The Presentation was a Certificate of Appreciation for the 
partnership that exists between ARA and the IRSE over the past 
6+ years in the collaboration and delivery of the Insight into 
Railway Signalling Course and other rail events.

Trevor Moore made the presentation on behalf of the Chair 
of the Australasian Section of the IRSE to Phil Allan, the Chief 
Operating Officer of the ARA.

Zdenka Wright receiving the ARIA Systems Engineering award from 
Peter Symons.

 

Certificate of Appreciation Presented to            
 

 
 

 
For your ongoing support, and Industry relationship with the IRSE 

Australasian Section Incorporated including events: AusRail, the 

Australasian Railway Industry Awards and the Insight into Railway 

Signalling course.  
For your support and encouragement of younger members and 

diversity within the Australasian Rail Industry. 
                                          

  

  

Chairperson of the Institution of Railway Signal Engineers, 

Australasian Section Incorporated. 

 
 

Left, Trevor Moore (right) 
presenting the certificate 
of appreciation to Phil Allan 
of the Australasian Railway 
Association. 
Below, the certificate.



IRSE NEWS |  ISSUE 238  |  NovEmbER 201734

IRISH SECTION
A technical visit from the organiser’s 

perspective - the Irish way!
Colin mcvea

Friday 17 June had come so quickly, it didn’t seem that long 
ago I found myself volunteering to organise the 2017 Irish 
Section technical weekend. I had put some time into detailing 
the itinerary to suit both members and guests, selecting suitable 
venues, arranging transport, ensuring sponsorship, whilst keeping 
a scope of interest, but I had also been helped by others, which 
removed some of the pressure. The sponsorship had allowed for 
an extensive programme at minimum costs, and I hoped it would 
be both interesting and entertaining. 

I finished work and collected my wife, Elaine. We then drove to 
Coleraine, where we would take the train to Londonderry/Derry 
(for the rest of this article, I will refer to as L/Derry). This is where 
the group would be meeting on the Friday evening for a brief 
presentation and meal. 

The car journey to Coleraine was quiet, as Elaine had the 
stressful task of arranging child-minding for two of our teenage 
daughters (not children!). She was also concerned about the 
numbers going, who she would know, why she had to go, what 
she had to do, and finally, why I always volunteered for such 
events! 

We reached Coleraine and boarded the train to L/Derry. 
Although I had walked this section of track many times, I had 
never taken the journey by train. The beautiful surroundings, 
combined with the great weather, made for a glorious start, and 
it was easy to see how Michael Palin had once described this as 
“one of the most beautiful journeys in the world”. The journey 
melted the pressures of the day to the point where conversation 
ensued!

We arrived at the station and took the short shuttle bus journey 
to the centre of the town. From there, it was a short walk to our 
accommodation. At around 16:00, I met our events co-ordinator 
Michael in the foyer of the venue (Bishops Court hotel). He 
apologised, as his wife could not attend, and since she is usually 
the life and soul of any event, I was even more concerned as 
to the success of the weekend . The venue was fine, and the 
organiser met us to discuss final arrangements. We then returned 
to the hotel to prepare for the evening. 

I received a number of texts from those attending, detailing 
how they were running late, but hoped to arrive shortly. This 

included Clive Bradberry our infrastructure executive, who had 
both provided sponsorship and agreed to give an oversight 
into the pressures to secure investment and the future of this 
section of track. Myself and Elaine arrived to a very empty drinks 
reception, but slowly members arrived and conversation ensued. 
I was relieved to see a number of work colleagues attend with 
their partners, knowing that Elaine would not feel so isolated. 
I informed the hotel that some guests were running late, and 
as such the meal may have to be put back. They were very 
accommodating. I had not realised the journey time for some 
was upwards of three hours travelling, some of which was in 
rush-hour traffic, so in hindsight a later start may have been more 
accommodating. Clive was still running late, but I thought it best 
to forgo his talk and start the event. I welcomed members and 
guests and then started my presentation, which outlined the 
changes and challenges the new signalling and telecoms system 
presented. 

The previous signalling system included a number of route 
relay interlockings (RRI) built around the three previous signal 
cabins: Coleraine, Castlerock and Londonderry relay room, 
the latter being the oldest relay room affected by the scheme. 
This was built in the mid 70’s whilst the others date from 1989 
to around 1993 with the newest at City Of Derry being built in 
2007. Signalling between Coleraine and L/Derry was controlled 
by single line block working. There were two block sections: 
Coleraine – Castlerock and Castlerock – L/Derry. These were 
controlled by block instruments; the section from Coleraine 
to Castlerock used a Tyers No 6 instrument (tablet or token) 
connected by direct cabling between cabins, whilst Castlerock 
– L/Derry was controlled by two Tyers Key-Token instruments 
connected by radio communications interfacing with TEML 30 
electronic units (1985) to convert the electrical locking and bells 
to radio signals. 

These instruments controlled the release of keys and tokens 
through a series of bells and relays and, when released, these 
were passed to the trains entering the section. Further release 
of trains (starter signals) could only occur once the key or token 
had been presented to the instrument at the other end. This had 
proved a simple, cost effective means of controlling trains, as it 
required minimum cabling (none with radio communication) and 

In 2011 Trevor Moore initiated the course and was ably assisted 
in writing and delivering the presentations around Australia by 
Glenn Miller, Les Brearley and Robert Tapsall, and others that 
later came onboard to deliver the course.

The one-day course covers the basics of signalling and systems 
from the history of the development of safe practices and 
includes designing signal systems, construction, testing and 
commissioning and the maintenance of the signalling systems. 
In six years, the course has been conducted over 24 times across 
four states with well over 700 attendees from a wide range of 
areas in and around the railway industry. 

For further information and full details of all events and 
registrations, along with IRSE Australasian Section Committee 
member details, please visit the IRSE Australasian Section 
website, www.irse.org.au, and register on the IRSE website to 
receive regular emails about meetings direct to your nominated 
email address.

Upcoming events 2017-18 IRSE Australasia 
(Australia and New Zealand) 
• AusRAIL PLUS, a three-day conference and major exhibition, 

held in Brisbane from 21 November 2017, where IRSEA will 
provide the session chairs to the IRSE ‘technical streams’. 

• ASPECT Technical Conference in Singapore on 27 November 
2017 for three days.

• Australasian and Singaporean Sections shared Technical 
Meeting in Singapore on 1 December 2017. 

• AGM and Technical Meeting to be held in Melbourne in 
March 2018.

• Technical Meeting to be held in Adelaide in July 2018.
• Technical Meeting to be held in New South Wales in 

November 2018.
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applied simple interlocking principles. The systems remained 
in place well beyond their use-by date, and although generally 
reliable, issues with repairing electronic components and the loss 
of radio communication during inclement weather along with 
security alerts (blocking of radio signal) had been a concern for 
some years. It is a credit to those who repaired and maintained 
these that they lasted so long, although everyone was glad to 
see them replaced.

There are 16 public road crossings in this section. These include 
four Manually Controlled Barriers (MCB) with CCTV monitoring 
and 12 Automatic Half Barrier Crossings (AHBC). There is a 
private AHBC installed at the jetty at DuPont for the unloading 
of materials. Power for this was supplied directly by Coolkeeragh 
power station through an informal agreement. There are 21 
user worked crossings (UWC) within this section, along with a 
swing bridge, an interface with an airport and two of the longest 
tunnels within the network. This short section contained the most 
signalling and operational risks within NIR.

Although the majority of level crossings remained as was, 
additional performance and safety features were added. The 
strike-in points for AHBs were all increased to allow for 90mph 
(150 km/h) running, whilst a number of high risk UWC were 
provided with lights and yodels (miniature stop lights or MSLs), 
the remainder of UWCs were all fitted with phones. Patrolmen 
lock-out devices were fitted to areas where track inspections 
were hazardous. These included the tunnels and bridges. The 
crossover was moved from Castlerock to Bellarena, which aided 
the 30 minute service which has now been implemented. There 
was no suitable business case to change from RRI, but had this 
been a greenfield site, I am sure it would have been considered. 

All signals between Coleraine and L/Derry (apart from L/Derry 
station) are of the full LED type and all DC track circuits are 
installed to a new NIR track standard, which includes moulded 
track wires, larger pipe and clips. Disconnection boxes are 
installed in the up and down cesses to allow maintainers to test 
and replace signalling assets more easily. This includes tracks, 
treadles and advanced warning system (AWS) units. 

The backbone of the new signalling network is provided via a 
mixture of routers and switches which connect the fibre network 
to the signal and communication controls. This is designed to 
allow greater resilience should any part of the circuit become 
broken. Two fibre cables provide the infrastructure for this 10G 
network. The network has priority settings which allow signal 
controls to take precedence over all others, therefore minimising 
any delay. The capacity of the network can easily cope with new 
systems, but this must be designed and records produced.

With the new systems there was a critical need to train both 
signalling and telecom staff on the operation, maintenance 
and repair of these systems. It has been a challenge to ensure 
competencies are maintained. S&T staff both completed the 
same training on all the systems, and although the telecom 

principles may have been beyond some signalling technicians, 
others understood the interfaces. This joint training has already 
reaped some benefit with signalling staff able to deal with 
network issues when telecoms staff are unavailable. There is also 
a service level agreement with the systems suppliers which can 
assist in the more complicated failures.

I highlighted the number of teething problems, which were due 
to a collection of different reasons ranging from new signalling 
design, quality of components and human factors dealing with 
the old and new system interfaces. The technology leap for this 
section brings it into an era of modern signalling and telecom 
technology. It is likely this will become the template for future re-
signalling schemes in NIR, and it will probably be adopted as the 
system to support the new Great Victoria Street Hub project. 

The floor was then opened for questions, and I was encouraged 
by the number of questions which were asked. I answered most, 
and directed the more difficult ones towards Clive, who had just 
arrived. After some 15 minutes of questioning, I caught Elaine’s 
eye, which was directed me to finish, which I promptly did. 

We had a great meal. Members and guest talked freely, the 
food and service was excellent, and I was pleased that everyone 
seemed to enjoy their food. We retired to the lounge bar, where 
live jazz music was being played. We all managed to get seated 
and ordered some refreshments. I had only just sat down when 
the waiter decided to empty my refreshment over my newly 
acquired trousers. Thankfully my hotel was only just around the 
corner, so I left to change. On my return, Elaine had negotiated 
suitable compensation for the group, which included another 
round of refreshments. Although we were the last to leave, the 
night had gone quickly. 

Saturday started early (09:30). The group of around 20 met at 
the bus depot. Members were to visit the City of Derry Airport 
(CODA) via coach, observing the controls to interface with the 
railway which runs at the end of the runway, whilst guests took 
the walking tour of the city. We would all meet for lunch at 
Bellarena station. My wife was now more relaxed with the group, 
and friendships had been formed.

The members arrived at CODA and were greeted by our host 
Michael Edwards. He had arranged security access, and after 
a short presentation on the history surrounding the airport, 
we were taken in groups to see the control tower. The narrow 
winding staircase took us to the viewing and control point. The 
view was outstanding, and although a simple arrangement, 
everyone was keen to see how the signalling was controlled from 
the tower. We returned to the coach and travelled to Bellarena. 
By now the sun was shining and the day looked good. 

We arrived at Bellarena station which had been officially opened 
by the Queen and the Duke of Edinburgh the previous year. The 
original station had been moved and extended to facilitate the 
new crossover. The original crossing point had been installed at 

Control tower view at the City of Derry airport. The group at Bellarena station.
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Castlerock, but relocated to facilitate the increased service. The 
members were shown around the relay room and new power 
cubicles and were reunited with their partners who arrived by 
train. The guests seemed to have really enjoyed the walking 
tour. We then took the short bus trip to a local restaurant for 
lunch. Everyone was now more comfortable in each other’s 
company, and the size of the group helped ensure everyone 
knew everyone, including the bus driver, whose craic and humour 
added to the event. After a lovely lunch in a great location, the 
group took the short journey to Downhill Beach, and although 
there was no station at this location, it gave a super view.

With timescales being short, I encouraged the group to 
reluctantly board the coach and head to the highlight of the day. 
I had organised boats to take us on the short journey up the 
river Bann to view the railway swing bridge being lifted. Once 
we arrived, the owner looked for four volunteers to steer these 
small motorised craft. He gave a short safety brief, on how and 
where we should be situated. Life jackets were issued, and as the 
main organiser, I was steering the second boat, which contained 
Pat Judge the Irish Rail head of signalling, his wife, my wife, and 
two Irish members originally from Bulgaria. I had communicated 
our position to our operating manager Wilma, who was arranging 
a suitable window to lift the bridge. I was to call once we arrived. 

In 1924, the viaduct over the river Bann was replaced by a 
bascule bridge. It is opened by electrical motors, which are 
converted via a gearing mechanism. The bridge was designed by 
Sir W C Armstrong, Whitworth Co Ltd and, according to records, 
was the first counterpoised bascule bridge in the British Isles. 
The bridge still operates today and has kept its original design 
features. Before Phase 1 renewals, two different lengths of rail 
were installed across the bridge: one for summer and one for 
winter. This was to ensure heat expansion did not prevent the 
bridge from operating. Heat still affects operation today, but 
thankfully our climate rarely produces temperatures which inhibit 
the lifting. The bridge is mechanically locked through a series of 
bars and levers. These are electrically proven and designed into 
the signalling interlocking. It is a credit to engineering at the time 
that many original features still exist over 90 years later.

As we travelled towards the bridge, I noted the difficulty 
steering. The steering reacted slowly and opposite to the rudder 
position. I realised my boat was now zigzagging up the River 
Bann in Coleraine, with a number of 360 turns to avoid the reeds. 
Elaine had quickly identified my lack of competency, which only 
added to the stress. To avoid further delays and stress, I decided 
to hand captaincy of the vessel to Pat, who, to be fair, was better 
than me, and although we may have still zigzagged, it was less 
noticeable, and Elaine was happier. 

As we approached the bridge, we were now last in the line of 
four. I contacted Wilma, and the bridge was then lifted. Pat was 
doubtful he would make it through, but we did. Everyone got 
some great pictures, and I then directed everyone to return. The 

return journey was easier, although Pat did swing us into the path 
of a small boat approaching from behind, as his steering followed 
his line of sight!

We arrived back at the docks, and although the others had 
thought my poor steering had been deliberate, Elaine was quick 
to put them right. The group took great joy in highlighting my 
lack of skill, which was even more heightened when my good 
wife added her bit.

We took the short coach trip to Coleraine station, where the 
final part of the day included a tour of the new signal cabin, 
whilst the partners went for coffee and tea. Coleraine signal cabin 
was originally an NX panel which controlled train movements 
via track circuit block just beyond Ballymena, and trains were 
indicated on the panel along with a number of AHBC barriers. 
It also controlled Artillery Road MCB via CCTV operation 
and Bushmills Road MCB by local control (now CCTV). Train 
movements to Portrush were via a token for one train working, 
whereas trains to Castlerock were via the Tyers instrument. Bann 
bridge release controls were also indicated and controlled from 
Coleraine signal Cabin and locked within the tablet instrument. 

The group were shown the complicated road layout, which 
required a Manually Controlled Barrier to control train and 
traffic movement. This had originally been controlled from the 
old signal cabin, but was now operated via CCTV. The crossing 
retained some of its original signalling features, which included 
the pulling of a button to initiate yodel warnings only, before 
the pushing initiated the crossing lowering sequence. This was 
to give road users a reasonable warning to clear the road, which 
included a junction in the middle of the track. 

Wilma presented some further information on the bridge, and I 
gave the tour of the signal cabin. This included the new VDU that 
replaced the original entry/exit (NX) panel, along with various 
modern multiplexing and telecom equipment, which would 
likely set the template for similar signalling projects. It raised the 
technical profile from systems dated back to the early sixties to 
one of the most modern systems on our network. Although we 
could not gain access to the telecoms room, Sean the chairman 
said, “Sure it’s only flashing lights”.

Elaine and I returned home from Coleraine, whilst the rest of 
the group took the return train journey to L/Derry. Some were 
going to explore other parts of the North, while Ciaran, my 
competent assistant, had organised a night out for those wishing 
to enjoy the L/Derry nightlife. We parted company in Coleraine, 
with everyone singing the praises of the event. Elaine had made 
some new friends and was already looking forward to the dinner 
dance in Cork. Members had gained some insight into the NIR 
network, but all had enjoyed a couple of days away with a bit of 
knowledge and a lot of craic. The return car journey was quiet, 
not because we weren’t speaking, but more from tiredness from 
the days’ activities. We had had a great weekend and made 
some new friends, although Elaine did say, “let someone else 
volunteer next time!” 

The bridge over the river Bann. Ready to board the transport.
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Re: 9% is not enough
The female representation in S&T engineering is indeed 
disappointingly small. There are many reasons for this, mostly 
concerned with image. “Engineering is a man’s job and who has 
heard of signal engineering anyway?” Towards the end of the 
British Rail days, a big effort was put into the “Women into S&T” 
campaign. There was a video and an exhibition caravan visited 
schools. The fragmentation leading to privatisation put a stop 
to all that. Within the S&T female staff had with few exceptions, 
mostly graduates, been confined to tracing pools and signal 
box diagram sections. When policy changed, our tracers were 
transferred to general signal design sections and duties included 
site work. They took to it enthusiastically. One bright spot 

IRSE NEWS is published monthly by the Institution 
of Railway Signal Engineers (IRSE). 

© Copyright 2017, IRSE. All rights reserved. 

No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted in any 
form or by any means without the permission in 
writing of the publisher. 

Web Site
For latest information about IRSE events, news and 
how to become a member, visit our website at  
www.irse.org. We welcome all those who are 
interested or involved in the fields of railway control 
systems, communications, data management or 
systems engineering.

Contributions
Articles of a newsworthy or technical nature are 
always welcome for IRSE NEWS. Members should 
forward their contributions to one of the Editors 
listed.

If you have a view about something you’ve read 
in IRSE NEWS, or any aspect of railway signalling, 
telecommunications or related disciplines, please 
write to the editor at irsenews@irse.org.

Chief Executive, IRSE
Francis How e-mail: francis.how@irse.org

managing Editor, IRSE NEWS
Paul Darlington e-mail: irsenews@irse.org

Contributing Editors
David Fenner e-mail: d.c.fenner@talk21.com

Ian mitchell e-mail: ihmitchell@cantab.net

David Stratton e-mail: dhstratton@btinternet.com

Assistant Editors
Harry ostrofsky (Africa)
e-mail: thehzos@icon.co.za
David Thurston (N America)
e-mail: thurston@temple.edu 
mukul verma  (Asia)
e-mail: mrverma@gmail.com
Peter burns   (Australasia)
e-mail: burnsp@bigpond.com
Priyank Patel   (Younger Members)
e-mail: priyankpatel@tfl.gov.uk
Alexander Patton (Local Sections)
e-mail: alexander.patton@siemens.com

Production, Typeset & Layout
mark Glover
e-mail: mark.glover@irse.org

Advertising
For advertising rates and deadlines call
Amy Weston at DVV Media
Tel: +44 (0)208 652 5218
e-mail: amy.weston@railwaygazette.com

Advertisements are accepted on the basis that 
the advertiser and agency (if any) warrant that the 
contents are true and correct in all respects.

London Office
IRSE, 4th Floor, 1 Birdcage Walk, Westminster, 
London, SW1H 9JJ, United Kingdom

Enquiries
MeMbership or of a General nature

Tel: +44 (0)20 7808 1180
Fax: +44 (0)20 7808 1196 e-mail: hq@irse.org
licensinG

Tel: +44 (0)20 7808 1191 e-mail: licensing@irse.org

nowadays is television. Documentaries on major engineering 
schemes such as Crossrail often feature senior female engineers. 
I believe Linda Miller’s exposition on the Connaught Tunnels has 
gained her a considerable following. Let us hope that recruitment 
improves.

J R Batts, Banbury, UK

[Linda Miller is a civil engineer who is currently working on the 
Crossrail construction project in London. She has been featured 
in a number of television documentaries, newspaper and 
magazine articles, showing that highly competent and senior 
engineers and project managers do not conform to the old 
stereotypes.]

FEEDBACK

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

Rhätische bahn commissions Trapeze 
communications system

[RGI] SWITZERLAND: Trapeze has supplied Rhätische Bahn with 
a PA-R-I-Ty communication system to provide IP-based voice and 
data radio links across the metre gauge operator’s network. 

RhB’s services are managed from 13 workstations at a control 
centre in Landquart and three workstations at a remote 
facility in Klosters. PA-R-I-Ty provides ten radio channels for 
communications with trains on the network and 52 radio channels 
for shunting assistance, and RhB’s VoIP telephone switchboard is 
also connected. 

Voice connections are possible between the phone and 
radio networks, with calls only put through to the dispatchers 

responsible. Calls to an unmanned workstation are forwarded 
automatically. A central phone book is used by the dispatchers, 
regularly updated through automatic synchronisation with 
Outlook and Active Directory. 

An interface between the railway communications networks 
enables RhB dispatchers in Landquart to make announcements 
using Swiss Federal Railways’ public address systems at Chur and 
Landquart stations. 

The central components of PA-R-I-Ty are redundant, so it should 
remain functional in the event of network disruptions between 
two locations. 

In IRSE NEWS next month ...
• IRSECON17 – highlights of this years international 

technical convention in Dallas, USA.
• To Beijing by rail – a personal account of travelling to the 

2016 convention by land.
• The IRSE 30 years ago – our annual look back.
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MEMBERSHIP MATTERS
ADmISSIoNS
We have great pleasure in welcoming the following members 
newly elected to the Institution:

FELLoW

AFFILIATE

TRANSFERS
mEmbER To FELLoW

Chew T G John Holland Malaysia
Helliwell D L Amey UK
Iwata K Train Control Systems Japan
Nkomo M Alstom UK
Terada N Railway Tech Research Inst Japan

Hiraguri S Railway Tech Research Inst Japan

Cabanig J T CMC Engineer Sdn Malaysia
Newman J Resonate UK
Redpath C J M Colas Rail UK
Vamraak V Wavetrain Systems Norway
Walsh E E Transport for London UK
Zulkefli M A MRTC Malaysia

RE-INSTATEmENTS

mEmbERSHIP CHANGES DUE To NoN-PAYmENT 
IN THE FIRST YEAR
Due to non-payment of first subscriptions, the names of the 
members below will be removed from the membership database.

Abbey H, Bell E, Bycroft C S, Dimech A, Sa K, Scaricabarozzi A 
and Srikantha S.

Cassidy B Network Rail UK
Drake-Brockman A B Network Rail UK
Lee J K Y Land Transport Authority Singapore
Nkalai T K Transnet Group Capital South Africa
Ono Y Railway Tech Research Inst Japan
Ota Y Railway Tech Research Inst Japan
Rizvi I Bombardier UAE
Sugiyama Y Railway Tech Research Inst Japan
Sweeney M Siemens UK
Toyama T Railway Tech Research Inst Japan
Wakeling L M Wakeling Engineering UK
Zainullah N A I MTRC Sdn Bhd Malaysia

ASSoCIATE mEmbER To mEmbER
Akita K Japan Railway Engineers 

Association
Japan

Arai H Railway Tech Research Inst Japan
Gibbe P SFERIS France
Hiraguri S Railway Tech Research Inst Japan
Joindot T SNCF Reseau France
Nakamura H Nihon University Japan
Young R BNSF USA

ASSoCIATE mEmbER

mEmbER
Fujita H Railway Tech Research Inst Japan
Fukuda M Railway Tech Research Inst Japan
Gion A Railway Tech Research Inst Japan
Kitano T Railway Tech Research Inst Japan
Loganathan A Fortescue Metals Group Australia
McHugo D John Holland Australia
Nagamine N Railway Tech Research Inst Japan
Nakamura K Railway Tech Research Inst Japan
Nardi F Ansaldo Australia
Shunsuke S Railway Tech Research Inst Japan
Siddiqui M U CH2M Hill USA
Taylor M I SNC Lavalin Australia
Voskamp M A Alletri Consultancy Netherlands
Watanabe T East Japan Railway Japan

ACCREDITED TECHNICIAN
Darji N R London Underground UK
Holgate C J Telent UK
Petkova I London Underground UK
Reilly D J Atkins UK

AFFILIATE To ASSoCIATE mEmbER
Karim H Siemens UK
Ross I S Kilborn Consulting UK

RESIGNATIoNS
Cockburn J R, Corkindale A, Liddle I, Penfold J R, Quashie J, 
Stiles J, Stroud G R and Torpey M.

DEATHS
It is with great regret that we have to report the death of 
members: Bowlby D, Law P G and Wijnmalen H.

Aggarwal S, Bates A N, Freear S L, Smitheam A, Trovo J L A and 
Watel C.

ENGINEERING CoUNCIL REGISTRATIoNS
Congratulations to members Bolton M, Poole M and Shepherd A 
who have achieved final stage CEng registration. 

Congratulations also to members Darji N R, Hayward L M, 
Holgate C J, Huffer M J, Petkova I, Reilly D J and Wigley P who 
have achieved final stage EngTech registration.

Current Membership: 5267


