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On 12 June 2018, the IRSE Southern Africa Section held a skills 
workshop in partnership with Terrapinn Ltd at the Africa Rail 
Conference 2018, Johannesburg, South Africa. The purpose of 
the workshop was to allow the South African railway industry 
to consider the skills challenges that the signalling, train control 
and communication disciplines face today.

The workshop was part of the Section’s 2018 annual 
programme, which this year had the theme ‘needs gathering’, 
with the intention of developing a responsive strategy for the 
future. The objective of the workshop was to engage with the 
rail industry and consider the role of industry stakeholders in 
tackling this issue. 

Discussions considered how operators can influence the railway 
industry, not only addressing the skills shortage but also seeking 
to reprofile the skillset of existing signalling professionals, taking 
into account recent advances in technology and the impact 
on these requirements. The workshop also discussed a holistic 
approach to addressing the skills gap and what needs to be 
done in the education system.

The skills workshop was moderated by the Transport Sector 
Education and Training Authority (TETA). Speakers included 
Transnet Freight Rail’s general manager for the Rail Network, 
TETA’s research and knowledge manager, the IRSE chair, and 
the University of Johannesburg’s director of the Institute of 
Intelligent Systems. Closing remarks were provided by the 

African Association for Public Transport (UATP) president who 
is also the Gautrain Management Agency’s CEO. The Passenger 
Rail Agency of South Africa was in attendance and listening 
intently as part of the audience.

As a highlight of the discussions, TETA is faced with a challenge 
of minimal participation from industry with regard to the 
development of the Sector Skills Plan. The industry on the other 
hand has a challenge of skills and generational gaps that have 
not been addressed. Furthermore, the academic institutions 
currently do not offer formal qualifications in railway signalling, 
train control and communication systems, while the IRSE as 
a professional body has a wealth of knowledge and skills that 
could allow the IRSE to make a significant contribution to the 
skills challenges in these disciplines. 

The deliberations were engaging and pointed to a need for a 
collaborative effort from all stakeholders in addressing what has 
become a complex topic. The advent of the fourth Industrial 
Revolution, coming at a time when we face an existing backlog 
of work, exacerbates the challenge even more. We the IRSE 
have a role to play, and a unique combination of knowledge 
and experience. If the industry is to change and to address the 
challenges we face, we need to step up and lead this debate.

Portia (Xaba) Nkuna  
Chair Southern Africa Section 
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Addressing the skills challenge

Manchester’s Metrolink first opened in 
April 1992, running from Altrincham to 
Manchester city centre and on to Bury. 
Over the years the system has been 
extended a number of times, which 
has included over some former heavy 
rail routes, to become the largest tram 
operation in the UK.

Signalling in the city centre section is 
similar in design to systems in Europe, 
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with vertical (go) and horizontal (stop) 
white bars interlinked with road traffic 
lights and track loops for tram detection 
and recognition. The former heavy 
rail sections were originally equipped 
with traditional block signalling, but 
using only red and green aspects and 
‘train stops’ linked to red signals. This 
has now been replaced, however, 
with line of sight operation to achieve 
consistency across the network. 

Photo Paul Darlington.
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Paul Darlington and Rod Muttram

Ethical engineering

A seminar in July undertaken jointly 
by the Institute of Electrical and 
Electronics Engineers (IEEE) and 
the Institution of Railway Signal 
Engineers (IRSE), explored the 
underpinning principles associated 
with ethical issues in engineering. 

The aim was to explore the issue from 
various perspectives, raise awareness 
and explore how to instigate an ethical 
value based approach to the design 
and delivery of products, systems and 
services. This ensures that it becomes 
as embedded in engineering as safety 
is today. It was considered important to 
examine the subject at this time as the 
increasing use of Artificial Intelligence 
(AI) and autonomous systems presents 
new challenges.

Ethical decisions
In 2005 the Royal Academy of 
Engineering and the Engineering Council 
jointly created a statement of ethical 
principles to guide engineering practice 
and behaviour, which was updated in 
2017. The principles require engineering 
professionals to have a duty in the 
following four areas.

1. Honesty and integrity – to uphold 
the highest standards of professional 
conduct including openness, fairness, 
honesty and integrity. 

2. Respect for life, law, the environment 
and public good – to obey all 
applicable laws and regulations and 
give due weight to facts, published 
standards and guidance and the 
wider public interest. 

3. Accuracy and rigour – to acquire 
and use wisely the understanding, 
knowledge and skills needed to 
perform their role. 

4. Leadership and communication 
engineering – to abide by and 
promote high standards of leadership 
and communication. 

Similar to many other engineering 
professional institutions the IRSE and IEEE 
have incorporated the principles in their 
codes of professional conduct, which are 
available from their websites. 

In an age when increasing automation 
means that ethical decisions are being 
incorporated into complex systems, 
engineers have to think about how 
machines behave in scenarios that they 
have not had to consider before. This 
applies to many spheres of engineering, 
including transport. Autonomy of 
road vehicles is challenging previously 
accepted principles and ideas. The 
potential introduction of artificial 
intelligence into control systems, using 
‘self learning’ techniques rather than 
algorithms, will create even more ethical 
issues which will need to be addressed.

It is not just about safety. In transport 
and many other fields of engineering 
and design, engineers are constantly 
encountering fresh issues that demand 
urgent, ethically sound answers. Respect 
for the planet, the environment and 
natural resources are factors that 
engineers must incorporate into their 
work, whether it is in the context of a 
major project such as Crossrail or HS2, or 
in finding practicable alternatives to the 
use of plastics for consumables. 

The Hon Mr Justice (Sir)  
Charles Haddon-Cave

The first speaker at the seminar, 
Sir Charles is a judge serving in the 
Queen’s Bench Division of the High 
Court of England and Wales, and has 
been involved in the fields of aviation, 
insurance, travel law and arbitration. He 
has appeared in many of the aviation 
route licensing hearings before the UK 
Civil Aviation Authority and was involved 
in law cases that followed major aviation 
and marine disasters including the 
Manchester Air Disaster and the Herald of 
Free Enterprise capsizing. 

He was responsible for the damning 
report into the crash of RAF Nimrod 
aircraft XV230 over Afghanistan in 
2006. His report was scathing about the 
money-saving edict that took priority 
over safety. “Unfortunately, the Nimrod 
Safety Case was a lamentable job 
from start to finish. It was riddled with 
errors. It missed the key dangers. Its 
production is a story of incompetence, 
complacency, and cynicism”

His keynote address set the tone for 
the evening, and was delivered using 
only two PowerPoint slides. One of the 
Nimrod XV230 report criticisms and a 
notable recommendation was related 
to the excessive use of PowerPoint in 
the Air Ministry, with people focused on 
watching and not thinking about the 
important messages being delivered. 
The report is available at irse.info/okazl 
and is recommended reading for anyone 
involved in safety engineering.

Sir Charles explained that engineers 
faced a challenge in designing driverless 
cars, driverless trains, drones, intelligent 
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buildings, robots etc, so that they operate 
in a way that reflects human values and 
principles. Franklin D Roosevelt once said 
“Rules are not necessarily sacred, but 
principles are”. 

The Nimrod report highlighted the 
importance of engineers and Sir Charles 
said he loved the work delivered 
by engineers, and how important 
engineering is to society. Ethics he 
explained is the branch of moral 
philosophy that defines concepts such 
as good and evil, right and wrong, virtue 
and vice, justice and crime, and seeks to 
resolve questions on human morality. 

The issue of ethics in engineering is 
‘applied ethics’, which is whether a 
person is obligated or permitted to do 
something in a particular situation. The 
word engineer is derived from the Latin 
roots ingeniare (“to contrive, devise”) 
and ingenium (“cleverness”). Indeed, 
the words ingenious and ingenuity also 
have the same origin as engineer, so 
by definition engineers are clever. He 
described the negative aspects of an 
engineer’s ethics and behaviours in terms 
of the ‘seven deadly sins’. 

1. Pride – being vane and narcissistic.

2. Greed – charging too much.

3. Lust – lusting after other 
people’s designs.

4. Envy – being jealous of 
other engineers.

5. Gluttony – taking on more work than 
you can handle.

6. Wrath – getting angry with clients.

7. Sloth – being lazy.

He did add that these may apply to most 
disciplines, not just engineering.

When bringing up children, most 
parents aim to ‘engineer’ their offspring 
to adopt values which will guide them 
successfully through their life. Sir Charles 

reflected that he hoped and trusted that 
good engineers feel and do the same 
with the products and systems they 
design and build, and which they feel 
they have a responsibility for; just like 
bringing up children.

Ethics and engineering though is a very 
serious topic which requires deeper 
understanding. Sir Charles highlighted 
three ethical theories which could 
be adopted or amalgamated to help 
ethical engineering.

1. Virtue theory is person rather 
than action based: it looks at 
the virtue or moral character 
of the person carrying out an 
action. It says an action is right 
if it is done by a virtuous person 
(someone conforming to moral and 
ethical principles).

2. Consequentialism theory. Which 
is based on outcomes and says 
an action is right if it promotes 
the best outcome.

3. Deontology theory. An ethical 
position that judges the morality of 
an action based on process. It says an 
action is right if it is done according 
to the right process. 

Codes of Conduct/Ethics
Sir Charles commended the IEEE Code 
of Conduct, which is similar to the IRSE 
Code, but noted that all engineering 
disciplines and professions have slightly 
different versions and he recommended 
that there should be more uniformity 
in codes of conduct within industry 
and society. The IEEE code requires 
its engineers to:

1. Hold paramount the safety, health, 
and welfare of the public, to strive 
to comply with ethical design and 
sustainable development practices, 
and to disclose promptly factors 

that might endanger the public or 
the environment.

2. Avoid real or perceived conflicts of 
interest whenever possible, and to 
disclose them to affected parties 
when they do exist.

3. Be honest and realistic in stating 
claims or estimates based on 
available data. 

4. Reject bribery in all its forms. 

5. Improve the understanding 
by individuals and society of 
the capabilities and societal 
implications of conventional and 
emerging technologies, including 
intelligent systems. 

6. Maintain and improve our technical 
competence and to undertake 
technological tasks for others 
only if qualified by training or 
experience, or after full disclosure of 
pertinent limitations. 

7. Seek, accept, and offer honest 
criticism of technical work, 
to acknowledge and correct 
errors, and to credit properly the 
contributions of others. 

8. Treat fairly all persons and to not 
engage in acts of discrimination 
based on race, religion, gender, 
disability, age, national origin, sexual 
orientation, gender identity, or 
gender expression.

9. Avoid injuring others, their property, 
reputation, or employment by false 
or malicious action. 

10. Assist colleagues and co-workers in 
their professional development and 
to support them in following this 
code of ethics.

All ten are affirmable but Sir Charles 
questioned if they go deep enough and 
whether they help engineers when faced 
with really difficult ethical and moral 
decisions. There are other tools to help, 
one being ALARP (as low as reasonably 
practicable). ALARP is deeply embedded 
in the common law and is based on 
whether an action is reasonable, given all 
the facts that have to be considered. 

Making sure a risk has been reduced 
ALARP is about weighing the risk against 
the resource (termed ‘sacrifice’ in 
law) required to reduce it further. The 
decision is weighted in favour of health 
and safety because the presumption is 
that the risk reduction measure should 
be implemented. To avoid having to 
implement an action you have to be 
able to show that the sacrifice would 
be grossly disproportionate to the 
benefits of the risk reduction that 
would be achieved. 

The process is not one of simply 
balancing the costs and benefits of 
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measures but requires the adoption 
of measures except where they are 
ruled out because they involve grossly 
disproportionate use of resources. 
Extreme examples might be:

• To spend £1m to prevent five staff 
suffering bruised knees is obviously 
grossly disproportionate; but 

• To spend £1m to prevent a major 
accident capable of killing hundreds 
of people is obviously proportionate.

In reality many decisions about risk and 
the controls that achieve ALARP are not 
so obvious. Factors come into play such 
as ongoing costs set against remote 
chances of one-off events, or daily 
expense and supervision time required 
to maintain mitigations. It requires 
judgment and there is no simple formula 
for determining what is ALARP. What 
is ALARP also changes over time, for 
instance with advances in technology.

Another ethical tool that Sir Charles 
demonstrated was the Heinrich Triangle 
Theory. Heinrich proposed that for every 
major injury, loss or event there are 29 
minor and 300 no-injury accidents, 
losses or events. So ethically to reduce 
the 1 ‘major’ it is necessary to investigate 
and eliminate the greater number of 
‘minor’ and ‘no-injury’ events. Or put 
another way, don’t just look at the tip 
of the iceberg, think about what is 
below the surface.

He also referred to the organisation of 
the MOD air section at the time of the 
Nimrod accident. It was very complex, 
with no clear lines of authority. There 
had been a period of intense, major 
organisational changes which left 
many people unclear about where 
responsibilities really lay. He said the 
organisation was unethical and noted 

parallels between Nimrod and other 
major accidents such as the Herald of 
Free Enterprise, the King’s Cross fire, BP 
Texas City and, in particular, the Columbia 
Shuttle accident in 2003. He espoused 
the adoption of ‘Four Key Principles’: 

1. Leadership – strong clear leadership 
from the very top. 

2. Independence throughout the 
regulatory regime. 

3. Much greater focus on people in the 
delivery of high standards of safety 
(not just on process and paperwork).

4. Simplicity – regulation, processes 
and rules must be as simple and 
straightforward as possible.

Sir Charles finished by emphasising 
that any safety management system 
must be made simple, and the greatest 
risk to safety and ethical engineering 
is complexity. 

Ethics and transport 
engineering
The second speaker was Paul Campion 
who was appointed the chief executive 
of the Transport Systems Catapult in 
July 2017. His previous experience spans 
leadership roles in IBM’s travel and 
transport, consumer products and in its 
software business, financing business and 
other executive roles. 

He observed that society and transport 
engineering is about to face a huge 
challenge which will require many ethical 
considerations. If we look at publishing, 
music, finance, retail (home shopping) 
and some other industries, they have 
been fundamentally transformed by 
IT and communications, but we have 
not yet seen significant changes to the 
transport sector. While there have been 
some changes, we have hardly started.

A time traveller from a hundred years 
ago would just about recognise the 
transport options available today and 
the way they operate. The options may 
be shinier, more modern, affordable and 
numerous, but it is still cars, trains, trams, 
boats and planes, operating in much 
the same way. In the future this may 
change dramatically.

It is not just what the changes will be to 
the components and modes, but to the 
overall relationship with society such 
that in the future the silo boundaries of 
transport are likely to be broken down 
and transformed by new technology. 
It will be the way that the engineering 
interfaces with the political and 
societal values that will raise so many 
ethical questions.

Autonomous cars and societal 
acceptance of risk has already raised 
interesting points. Whenever a semi-
automatic car has had an accident 
it is front page news. When actress 
Mary McCormack’s husband’s Tesla 
car caught fire while he was driving 
in the Los Angeles area, her post on 
Twitter was shared 1.5 million times. The 
popular press reported her post showed 
a “shocking video of a Model S spewing 
flames from the driver’s side front wheel 
well”. Conventional vehicles also catch 
fire and Tesla make the point that their 
cars are far less likely to catch fire than 
petrol and diesel vehicles. 

A single incident on a train where 
someone is hurt will make headline news, 
but everyday several people are killed 
on the roads, such is the acceptance of 
risk by society for some situations, but 
not others. It has been suggested that 
an autonomous vehicle will have to be 
many times safer than a person driven 

The rapid adoption of automation in vehicles leads to a widespread discussion about engineering ethics.
Photo Shutterstock/Andrey Suslov.
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vehicle for it to be accepted and allowed 
on the road. Why is that? It may be that 
when a driver makes a mistake they can 
be taken to court and made accountable, 
but what happens if someone is hurt by 
a machine? There is nowhere for the 
‘human attributive instinct’ to go and 
‘seek justice’. 

Take the example of an autonomous 
car in a queue of cars joining a busy 
main road at a T junction. Traffic starts 
to build up and slow down. Cars with 
drivers at the front of the queue ‘nudge 
forward’ and cars on the main road let 
them in. Should the autonomous car be 
programmed to do the same, or should 
it wait until the road is clear, which 
could take hours?

Should the autonomous car have a sliding 
scale of ‘caution or bold’ which could be 
selected by the client? Select ‘caution’ 
and you could be waiting at the junction 
for some time, but select ‘bold’ and the 
risk of an accident increases; and your 
insurance premium would increase as the 
insurance company would know because 
everything is recorded and reported. 

What happens if a perfect autonomous 
car could be developed such that it will 
always take action to avoid accidents? 
Other road users know this and start 
to deliberately pull out in front of the 
perfect autonomous car. Do engineers 
then deliberately make the autonomous 
car less safe? If an autonomous car has 
to take action to avoid an accident what 
rules apply if the choice of action is to hit 
a pedestrian or another vehicle? These 
are the sort of issues that engineers of 
the future may face.

To be effective the autonomous vehicle 
will have to be more human like and 
make ethics-based decisions. It will have 
to be provided with artificial intelligence 
(AI) so that it will learn and adopt different 
behaviours similar to a human. Let’s 
assume that a car can be taught to drive 
itself through AI. If it makes a mistake 
due to the way it has learned who is 
to blame? The designer, programmer, 
tester, or the salesperson? It may well 
be that in the future accountability for 
such incident will move from the criminal 
to civil courts. 

Unethical AI Chatbot 
To illustrate the issue further Paul gave 
an example of AI behaving unethically. 
Tay was a Microsoft ‘chatbot’ which used 
AI to responded to users’ queries and 
emulate the casual, jokey speech patterns 
of a stereotypical millennial. The aim was 
to experiment with and conduct research 
on ‘conversational understanding’ with 
Tay able to learn from conversations and 
get progressively ‘smarter’. When it began 

posting racist messages in response to 
questions it quickly had to be shut down. 

It was identified that it was vulnerable to 
racists, trolls, and online troublemakers 
who persuaded it to use racial slurs, 
defend white-supremacist propaganda, 
and even make outright calls for 
genocide. Tay’s racism was not a product 
of Microsoft or Tay itself, but Tay was 
simply a piece of software that was 
trying to learn how humans talk in a 
conversation. It didn’t even know what 
racism was but Tay spouted ‘unethical 
obscene language’ because racist 
humans on Twitter quickly spotted 
a vulnerability and exploited it. The 
problem was that Tay didn’t understand 
what it was talking about.

Microsoft’s developers didn’t include 
any filters on the words that Tay could 
or could not use and came under heavy 
criticism for the bot and its lack of 
filters, with some arguing (with hindsight 
of course) that the company should 
have expected and pre-empted the 
abuse. Now imagine what unethical 
behaviours an AI safety related system 
may be vulnerable to when faced with 
unethical humans. 

Future of mobility
Paul said that autonomous vehicles are 
likely to be very expensive and therefore 
may not be as ‘mainstream’ as some 
manufactures predict, certainly in the 
short to medium term. He added that 
it may be more cost effective to buy a 
conventional vehicle and hire a chauffeur 
for three years, rather than buy an 
autonomous vehicle! 

He therefore suggested that the future 
of transport mobility is likely to be 
more about the way forms of transport 

work together and in particular the 
services layer of transport with the use 
and management of data. The use of 
personally identifiable data however also 
has ethical and legal issues, as illustrated 
by the Facebook-Cambridge Analytica 
data scandal, and which engineers will 
have to deal with along with the ethical 
safety considerations. 

Hindsight bias
The third speaker was George Bearfield 
a visiting professor of Railway System 
Safety at the University of Huddersfield, 
and director of system safety and health 
at the Rail Safety and Standards Board 
(RSSB). RSSB is responsible for supporting 
the GB rail industry in all aspects of its 
health and safety management and 
assurance processes and capabilities. 

He opened his part of the evening by 
reflecting that as an engineer and a 
tax payer, and like everyone in the rail 
industry, he wants to do the right thing 
as far as he is able. The challenge for 
everyone though is that when people are 
under pressure they can have difficulty 
with complex ethical issues when making 
‘high stake’ decisions in the rail industry. 

When dealing with complex safety 
engineering in rail it can be an ethical 
minefield. Investment decisions have 
to be made over very long-time frames 
during which the political, social concern 
and tolerance, and ethical standards may 
change. Where safety or accident risk is 
involved the tensions will be high and 
decisions are often governed by what is 
affordable, and by the balance of risk.

When making ethics-based decisions 
one of the traps that can occur is 
‘hindsight bias’. This is the inclination to 
see past events, such as accidents, as 

Can you trust your Chatbot, or its programmers, to act ethically?
Photo Shutterstock/Panuwat Phimpha.
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more predictable than they really were. 
Major accidents in the railway industry 
generate widespread press coverage and 
societal concern. This in turn leads to 
pressure on the government, regulator 
and industry to act in a way that may 
not be proportionate to the risk. If such 
events are seen as being predictable – an 
accident waiting to happen – it places 
great importance on the ability of a 
transport operator to argue that they had 
appropriate safety measures in place.

Hindsight bias can lead to knee jerk 
reactions. How many times have we 
heard after a major accident a politician 
quickly say ‘money is not a problem’? 
This is often an unethical statement 
as in many cases money will be a 
problem when ALARP is applied and it 
is determined that the money involved 
could be far better used to reduce risk 
somewhere else. 

As a result of the fatal Paddington, 
Southall and Clapham rail crashes the 
Automatic Warning System (AWS) was 
widely considered to be inadequate and 
outdated. The Hidden Inquiry into the 
Clapham train crash in 1988 and the 
Paddington train crash survivors both 
favoured the expensive Automatic Train 
Protection (ATP) system. 

A report by Sir David Davies, President of 
the Royal Academy of Engineering, after 
the Paddington crash recommended 
the cheaper Train Protection Warning 
System (TPWS). That conclusion was 
endorsed by the Joint Inquiry into Train 
Protection Systems chaired by the Rt Hon 
Lord Cullen and Professor John Uff. 
TPWS delivered 80% of the benefits 
for 20% of the cost and is part of what 
has made Britain’s railways the safest 
in Europe. This is despite the ‘money is 
not a problem’ statement and in ALARP 
demonstrating that neither system could 
be justified based on the benefits against 
the sacrifice involved. The decision to 
provide TPWS was a government ethical 
decision that took society’s acceptance 
of the risks involved into account. 

Narrow framing
Narrow framing refers to people’s 
tendency to view problems in isolation, 
rather than taking a broader view. The 
likely outcome is that decisions that a 
transport operator makes on a problem-
by-problem basis will not combine to 
provide a rational and coherent way of 
managing the safety of its operation as a 
whole. The RSSB and industry approved 
approach to cost benefit analyses (CBA) 
seeks to standardise the rules around 
developing analyses to support decisions.

This should make it possible to view a 
set of seemingly unrelated analyses as a 
portfolio to help understand and interpret 

each and reach a better set of decisions 
over time. Transport operators need 
to be aware of opportunity cost. The 
money (or other costs) required to retain 
a control that is demonstrably reducing 
risk below the level required by law could 
potentially be used to provide a larger risk 
reduction elsewhere.

A recommended document for anyone 
involved in safety management is the 
RSSB document “Taking Safe Decisions – 
How Britain’s railways take decisions that 
affect safety”. This is available from the 
RSSB website and it discusses many of 
the topics relating to ethical engineering.

IEEE P7000 Ethical concerns 
during system design
The final speaker was Ali Hessami, an 
expert in systems assurance and safety, 
security and sustainability, and has a 
background in design and development 
of advanced control systems for 
business and safety critical industrial 
applications, which includes railways. 
He represents the UK on CENELEC 
and IEC safety systems, hardware and 
software standards committees and is a 
group leader for a pan European Cyber 
Security standard. He is also the technical 
editor for the IEEE P7000 process 
standard on addressing ethical concerns 
during system design.

As the discussions during the evening 
had identified, engineers, technologists 
and other project stakeholders need a 
methodology for identifying, analysing 
and reconciling the ethical concerns of 
end users. Consumers are not trained 
to think about ethical considerations 
regarding the products and services they 
use and it is only by rigorously examining 
ethical concerns that manufacturers, 
engineers and technologists can ensure 
products and services are as safe and 
relevant for end users as possible.

Approximately 40 people are 
expected to be actively involved in the 
development of the P7000 project, 
and the scope of the standard is to 
establish a process model by which 
engineers and technologists can address 
ethical considerations throughout the 
various stages of system initiation, 
analysis and design. 

The expected process requirements 
include both a management and an 
engineering view of new IT product 
development, computer ethics and IT 
system design. The requirements will 
also include value-sensitive design 
and stakeholder involvement in ethical 
IT system design.

The purpose of the standard being 
produced by Ali and the IEEE is to enable 
the pragmatic application of a value-
based system design methodology. 
The intention is to demonstrate that 
conceptual analysis of values and an 
extensive feasibility analysis can help to 
refine ethical system requirements in 
systems and software life cycles.

The standard will provide engineers and 
technologists with an implementable 
process aligning innovation management 
processes, system design approaches 
and software engineering methods 
to minimise ethical risk for their 
organisations, stakeholders and end 
users. It is planned for publication in 
early 2019 and will be the first global 
standard to guide ethical principles in 
engineering design. 

Conclusion
The event was well received by all who 
attended and there were some very good 
questions and a good discussion at the 
Q & A session after the presentations. A 
follow up session is being considered. 
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Portugal

Alexandre Pires

Artifical intelligence in railway 
applications

In this article Alexandre considers 
the move of railway signalling and 
control towards being software-
based, and the relevance of 
techniques such as ‘artificial 
intelligence’ to the future world of 
command and control.

When the first electronic interlocking 
systems became available to the railway 
market, many conservative signalling 
engineers offered heavy resistance to 
their introduction, primarily because of 
a lack of confidence in terms of safety. 
While the status, behaviour and electrical 
parameters of a vital relay can be seen 
and measured, the absence of knowledge 
and a complete understanding of what 
happens inside the mysterious black-
box of an electronic interlocking and 
its software brings can create a lack of 
perceived safety. We all know that safety 
is not a feeling, but the proven absence 
of unacceptable risks, however much 

of the time feelings are important in 
such decisions. 

The use of software in critical signalling 
applications promised cost reduction, 
lower energy consumption and 
substantially smaller physical space 
requirements, but changing the old 
reliable and safe vital relays to a new 
technology and system that may 
introduce unforeseen hazards to the 
life and integrity of passengers was just 
not, at first, acceptable. Fortunately, 
the application of safety standards and 
processes of software engineering were 
strong enough to provide evidence of 
safety and make the use of computers 
in railway signalling feasible. These 
processes now enable us to use SIL4 
hardware, running SIL4 certified software.

Artificial Intelligence (AI) seems to be 
the next breakthrough technology 
in engineering. While deterministic 
programming requires a full 

understanding of the desired software 
behaviour (which may require months 
or years of physical system study and 
modelling), followed by well-designed 
algorithms and many hours of software 
coding and testing, using AI modelling 
requires only the basic neural math and 
huge processing power. AI can’t solve 
every problem in the world, but it can 
solve many problems better and cheaper 
than using deterministic programming. 
There’s no need to refuse its entry into 
railway control and communications 
systems, but like the introduction of 
software based interlockings we need to 
know where and how to use it.

What exactly is artificial 
intelligence?
Artificial Intelligence is an algorithm, 
mathematical model or software that 
can ‘learn’ what to do and improve its 
own performance with time, based 

Artificial intelligence will inevitably be part of the future transport system. 
Photo Shutterstock/Pavel Chagochkin.
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on information from its own past 
performance. While deterministic 
software does exactly what it was told 
(by the programmer), AI software is only 
programmed with a learning mechanism, 
some kind of trial and error routine. While 
the behaviour of a deterministic software 
can be totally determined, the behaviour 
of AI software can never be completely 
foreseen, but only taught.

One of the most popular models for AI 
software is the neural network. As the 
name says, it’s a simulation of a network 
of human neurons. It can ‘learn’ by 
adjusting some constants used for the 
neuron math, very similar to a biological 
synapse. By repeating a task many 
times and analysing the result of each 
action, right or wrong, the computer can 
adjust the constants and thus enhance 
its performance.

The AI software will always do things 
wrong the first time. It may even do 
nothing. But as the computer has the 
chance to try to perform the same task 
several times, it will get better each time 
reaching the point that it is able to do 
better than any programmed software 
and, in a way that no human could do as 
fast or efficiently. It is possible to watch 
several videos on Youtube where AI 
learns to drive a car, climb walls and even 
beat Super Mario Brothers faster than 
any human. And the best of all, it requires 
minimum programming effort and almost 
no knowledge of the system response.

Even if it has the chance to try to perform 
a task millions of times, AI software as 
we know in 2018 will always have the 
potential to make mistakes and always 
have some degree of unpredictability, 
mostly because the inputs in the real 

world can surprise it and trigger some 
undesirable response. It is just impossible 
to foresee every response for an AI 
software system, even for a mature one. 
This is where the hazard lies.

Despite of its ‘bad behaviour’ in early 
stages, there are a lot of railway 
applications where AI can be useful, 
either delivering a task with a consistently 
better outcome after the initial teething 
troubles, or by being cheaper than 
classical coding and therefore delivering 
a solution where none was available.

AI in SIL0 railway applications
When waiting for a train to arrive in a 
metro station, I always watch the display 
that predicts the time until arrival of the 
next train. And it is never totally accurate, 
that is acceptable for this application, but 
I can’t keep thinking of how much time 
and money was spent to create software 
that predicts the arrival time of each train 
in each station. If an AI was used in this 
application, all we would need to do is 
introduce the related track circuits (or 
the position of each train) as input and let 
the AI learn how to predict the time-to-
arrival. Of course, in the first day, it may 
show inconsistencies or even nothing, 
but as time goes by, within 30 days 
perhaps, it has the potential to be more 
accurate than the human coded software 
and at a much lower cost.

It is possible to use the same philosophy 
for every non-deterministic and non-
safety application in railway operation. 
Train regulation, timetable creation, 
mechanical ventilation control (how 
to provide maximum comfort with 
minimum energy consumption), joint 
synchronization, lighting control and so 

on. Many applications where rules are 
flexible or where a controller is needed 
may benefit with AI.

AI in SIL4 railway applications
There are a few applications where a 
computer doesn’t have the opportunity 
to make mistakes. In the safety functions, 
a critical software mistake may result 
in the loss of life, something that can 
never be accepted. This means that AI 
software can never be used to make 
the final decision but that doesn’t mean 
that AI cannot be used. Even the more 
experienced humans can make mistakes, 
and that’s why the safety systems 
are so important. 

If a signaller attempts to put two trains in 
collision route, the interlocking system 
will not authorise such a manoeuvre. 
If a train driver tries to accelerate it to 
an unsafe speed, the train’s protection 
system will restrain its speed. Humans 
can fail, AI software should be 
treated the same way.

Since safety integrity levels are about 
functions, AI software may be used in 
critical applications, but only when not 
performing critical functions. It may learn 
how to control the train speed better 
than a human driver or human coded 
software, and it may actually drive the 
train, but only if a SIL4 function allows 
it to do so. That way, a software that 
can make mistakes is watched by the 
trustworthy Automatic Train Protection 
(ATP, GOA1) that has the final authority 
over the train.

The example in Figure 1 shows a 
possible application for CBTC onboard 
ATO system using a SIL0 AI software 
in its core. The AI itself doesn’t have 

AI is already playing a role in many systems 
that make up the infrastructure we depend 
on, including transport. 
Photo Shutterstock/Metamorworks.
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direct control of the train traction or 
brake but is limited to only “advise” 
the SIL4 functions in how to drive the 
train efficiently.

 As may be noticed in the figure, AI is 
always looking for improved efficiency 
in driving the train. Efficiency may be 
better passenger comfort, lower energy 
consumption, lower travel time, etc. It 
really depends on the application, but 
at some point, it is correct to say that 
AI should look at every one of these 
variables and consider all of them in its 
decisions. I have a few reasons to believe 
that, in this task, AI is more efficient 
than any human driver or any human 
coded software.

Teaching an AI how to drive a train
The obvious question that must be asked 
is how to make the train’s AI learn the 
driving processes, without wasting lots 
of megawatts and disturbing operation? 
Is the AI capable of ‘watch and learn’, 
absorbing a human driver’s skills? Well, 
AI as we know in 2018 doesn’t work 
that way. The trial and error experience 
are a requirement.

The solution for this problem is to model 
the train’s behaviour in mathematical 
terms and run computer simulations. 
Thousands of them. Once the AI learns 
how to drive the train virtually, the AI 
core and its synapses may be copied to a 
real train and tested. The AI core’s design 
and teaching process for a train speed 
controller may be described as:

• Model the train behaviour and 
system response models based in 
real world parameters (which can 
be obtained from the specifications 
or measurements).

• Create a set of challenges for the AI 
(on precise station stop, late train, 
early train, one train ahead, speed 
reduction, etc).

• Establish the train efficiency 
parameters (what is really important? 
Energy consumption? Comply with 
the time table?).

• Establish the input and output 
variables for the AI (actual 
speed, target stop, train/station, 
late/early, etc.).

• Create a generic AI neural network, 
with nothing learned (blank slate).

• Run computer simulations. Let it 
learn by itself.

• After a few simulations, if AI is not 
performing as well as it should, 
review the input and output variables 
(is there something missing?), 
rebuild the neural network and run 
simulations again.

• Once the AI’s driving performance 
is good enough, download the 
parameters matrix (AI’s experiences 
and memories) to the train’s AI.

This is an initial approach based on early 
studies of AI, and are not meant to be the 
final method, but a good starting point to 
those who want to create a design model 
for using AI in real life.
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SIL4
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SIL4

Artificial intelligence
(efficient decision)
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Figure 1 – a possible application of artificial intelligence in automatic train control.

Conclusions
Artificial Intelligence is already a reality 
for several applications and has proven its 
value by doing highly complex tasks that 
humans could rarely achieve or doing 
simple tasks very efficiently. For some 
applications, programming and teaching 
an AI can be a lot cheaper and quicker 
than classical logical programming. 

AI can make mistakes sometimes, 
and that’s why it should not be 
allowed to have the final authority in 
critical functions.

The question is no longer ‘if’ AI will be 
used in critical railway software, but 
‘when’ and ‘how’. System engineers 
around the world must prepare to 
change and understand how to use AI 
in safe, efficient, reliable and cheaper 
systems. It is also important to encourage 
professionals, students and universities 
in the development of AI techniques and 
studies, as well as to adjust safety, RAMS 
and efficiency standards to this new, 
inevitable, future.

About the author ...

Alexandre is an electronic systems 
engineer who graduated from 
Rio de Janerio Estate University 
and now works at Alten UK. Having 
worked in railways for 7 years, 
specifically in safety-related systems 
for urban railways, Alexandre’s 
current role is related to ensuring 
the quality of software created for 
Manchester Metrolink.
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The ITC view on the residual risks to 
the Railway as at Q2 2018

Prepared on behalf of the International Technical Committee  
by Rod Muttram

Imagine that you are being asked to 
endorse a new project or to reduce 
the scope of a running project 
due to budgetary constraints or 
time deadlines.

In the voluminous documentation 
presented, how do you identify 
and ensure suitable control and/
or mitigation of those issues that 
may well affect safe operation 
of the railway?

We suggest that there are some key areas 
where you could certainly start:

• How will the way in which the railway 
is operated change? 

• How do the changes impact on the 
technical and operational interfaces 
both from a permanent and a 
transitional perspective?

• How do the humans in the system, 
most importantly drivers and 
signallers/dispatchers, understand and 
deal with the changes, particularly 
transitions and operation in degraded 
modes during partial failure?

• Is there a reliance on long standing 
standards and practices, and if so 
are they still robust in the changed 
circumstances? 

During the presentation day of the 
IRSE Annual Convention in Dallas on 
26 September 2017, the IRSE International 
Technical Committee (ITC) presented 
three linked papers which we consider 
to be amongst our most important 
outputs in recent times. For that reason 
we have decided to produce this article 
to summarise those papers in a form that 
is digestible to non-signalling specialists. 
People make far reaching decisions 
affecting safe railway operation, but 

may not fully appreciate the implications 
and risks associated with proposals 
(which might appear superficially 
minor in nature) to change operational 
practice and/or the technical systems of 
infrastructure and rolling stock. 

The three related papers cover a 
proactive approach to speed control, 
the need to recognise the importance 
of considering human factors and the 
methodology now used in the EU for 
railway risk analysis and management. 
They are primarily related to the main 
line railway (heavy rail) but a number of 
the messages and principles they outline 
are applicable to metros and light rail 
systems as well.

All ITC members are very experienced 
professionals. These three papers 
were prepared respectively by our 
current chair, Frans Heijnen, a former 
IRSE president, technical director of 
the ERTMS EEIG (European Economic 
Interest Group) and former vice president 
technology at Invensys Rail; by Rod 
Muttram, who as director, safety and 
standards led Railtrack’s input to three 
of the four public inquiries into the 
Southall and Ladbroke Grove collisions 
before setting up the RSSB and then 
holding a series of vice president roles 

at Bombardier, and by Libor Lochman, 
executive director of the Community 
of European Railway and Infrastructure 
Companies (CER) and former director 
of the Railway Research Institute 
(VUZ) of Prague.

All of us are passionate about safety and 
the need for rail to protect, maintain and 
where possible improve its position in 
land transport safety performance. 

Over 1.25 million people are killed every 
year on the world’s roads. In the time it 
is likely to have taken you to read to this 
point, on average, 3 people will have 
died in road accidents. Despite these 
appalling statistics (or perhaps because 
the events are so frequent and common) 
road accidents get little publicity outside 
the areas where they occur. By contrast, 
rail accidents leading to fatalities 
become worldwide news. Consider the 
coverage of the Santiago de Compostela 
derailment in Spain in July 2013, the Bad 
Aibling collision in Germany in February 
2016 and the derailment of an inaugural 
Amtrak service near Tacoma, Washington 
State, USA in December 2017. It is these 
types of infrequent but high consequence 
high speed derailments and collisions 
which the industry must continue to 
strive to eliminate. 

Safe operation of the railway is a complex task, with many sources of risk. Command and 
control is just one area that needs to be considered in depth.  
Photo Shutterstock/DaveNavarro Jr.
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We stress this because nothing is 
constant but change, and after a recent 
period of renaissance and significant 
growth the rail industry now potentially 
faces a new challenge from autonomous 
road transportation which allows the 
road sector to erode some of rail’s 
competitive strengths. In the area of 
safety, the replacement of human drivers 
by autonomous driving systems offers 
the opportunity for the road sector to 
make huge improvements in safety 
performance and this will undoubtedly be 
something that the proponents of these 
technologies will emphasise. 

The recent publicity around accidents 
involving Tesla cars believed to be driving 
using ‘autopilot’ (not a fully autonomous 
system) and Uber’s (now suspended) 
self-driving trial in Arizona, would seem 
to indicate that the degree to which 
the public and media will accept a big 
incremental improvement in overall 
safety but with a remaining smaller 
residual risk of system error, is still 
unclear. No-one should underestimate 
the selling power of these global 
mega-corporations. 

Rail must not be complacent: its average 
performance is very good, but it must be 
vigilant in maintaining that performance 
and continuing to improve in the areas 
that lead to the rare, but significant, major 
accidents and incidents. The three papers 
all drew heavily on the lessons from 
some of the recent more damaging ones 
and pointed to the sort of actions that 
will continue to reduce the frequency 
of such events.

Summaries of the papers
Paper 1: Adopting a proactive 
approach to the implementation 
of Speed Control Systems 
(Frans Heijnen assisted by 
Alan Rumsey)
The full paper can be found at 
irse.info/itc43.

Guided transport systems, and heavy rail 
in particular, have some characteristics 
that make them fundamentally different 
from road transport. Steel wheel on 
steel rail is a low friction system that 
gives low energy consumption but also 
leads to long braking distances meaning 
that drivers must often take action long 
before a curve that requires a reduced 
speed is visible to them. 

At that point (for instance) they may be 
more prone to loss of concentration 
or distraction because they have had a 
low workload during a long period at 
constant speed and may not yet have 
recognised the approaching hazard. If 
they miss a lineside speed reduction 

warning, then by the time they do see 
the curve and perceive the risk it may 
be too late to achieve a sufficient speed 
reduction. This is one of the reasons 
why many driver training systems place 
such significance on ‘route knowledge’. 
Further, if a train does enter a curve 
at higher than the safe speed then 
derailment, and quite likely overturning, 
is inevitable. There is nothing the driver 
can do to prevent or mitigate it, he/
she cannot try to steer a different 
course in the way a road driver might if 
one is available. 

The recent history of derailments due to 
overspeed highlights such deficiencies in 
the recognition of these risks associated 
with driver error. The behaviour of even 
the most vigilant and professional driver 
can be affected by external factors, such 
as pre-existing health conditions, shift 
patterns, distractions and the working 
environment. Changes to the track speed 
profile, whether permanent or temporary, 
customarily managed by use of signs, 
rules, and procedures are thus inherently 
prone to human error.

It is important to recognise that 
best practice is to have an operative 
engineered (automatic) control system 
like ETCS to underpin driver management 
of train speed. The emphasis is on 
‘operative’ and it is vital to consider 
what happens when such systems 
fail, particularly at transitions between 
different systems or between areas where 
there is a system and where there is not.

The paper makes the point that where 
a railway identifies such risks, or where 
action is forced upon them by Regulators, 
they have two choices; replace the 
existing signalling system with a newer 
generation of signalling technology 
that inherently provides the required 
level of safety protection; or overlay an 
additional system or systems on to the 
existing signalling system, to provide the 
additional safety protection required.

The paper describes a number of the 
systems of varying maturity that are 

available to fulfil the speed control 
function. Some are intermittent (fitted 
only where there is determined to 
be a high risk), while others provide 
continuous speed supervision. They have 
different whole life costs, operation, 
maintenance and training requirements 
and some may present much more of a 
challenge in terms implementation and 
transition from existing systems than 
others. Selection of the right system is 
therefore a complex issue but that does 
not justify doing nothing or excessive 
delay in taking action.

Risk assessments must thus cover more 
than just errors that relate to human 
interaction with the technology. It is 
often considered that long standing 
practices ‘must be good enough’ 
and they are not always challenged 
in the light of incremental changes 
happening around them.

At Santiago de Compostela the 
interface between new and ‘traditional’ 
infrastructure was a contributing factor, 
along with distraction and the use of 
a cruise control (speed hold) without 
the protection of an automatic braking 
system to prevent overspeed. The ETCS 
on-board the train concerned was 
switched off because of availability/
compatibility issues and the track in 
the area of the accident was not yet 
fitted with the system anyway. The ITC 
believe that had the EU Common Safety 
Method (CSM) processes been followed 
in full to assess the system level risks, at 
least some of these issues would have 
been identified.

The paper concludes by making the 
observation that speed control is 
nowadays considered a ‘must have’ even 
if the business case is not always totally 
clear. The only thing sometimes missing 
is the recognition by all parties that 
times have changed. Automatic speed 
control is now a de facto norm and the 
assumption that the manual systems of 
the past provide sufficient protection is 
simply not defensible.
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A continuous speed control 
system such as ETCS knows 
the maximum braking rate of 
the train and supervises the 
approach to speed restrictions.

http://irse.info/itc43
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Paper 2: How do we reduce the 
number of accidents due to Human 
Factors (Rod Muttram)
The full paper can be found at 
irse.info/itc47.

The performance of all systems is 
dependent on people, processes, 
equipment/tools and the interaction 
between them. Speed Control as 
considered in the first paper is one very 
representative example.

Human factors is a broad term for the 
analysis, understanding and optimisation 
of human performance in the work 
place. It should consider the working 
environment, interfaces and processes 
from a human-centred viewpoint, by 
looking at the whole system and its 
influence on the way people make 
decisions and interact with the other 
system elements and each other. 
Another (more or less interchangeable) 
term for this is ‘Ergonomics’ which has 
three branches:

• Cognitive ergonomics (concerning 
people’s perception, reasoning, 
memory, motor response etc.).

• Organisational ergonomics (the 
impact of organisation structure, 
policies, processes, culture, etc.).

• Physical ergonomics (how people 
interact with equipment and tools 
including things like work layout, the 
design of symbology, required reach, 
strength etc.).

These three branches help us to 
understand why humans sometimes 
fail to do what they know only too well 
that they should.

Most accidents result from a combination 
of events, and human factors almost 

always play some part. The paper 
seeks to explain and illustrate this by 
presenting a number of industrial and 
railway examples and by using Professor 
James Reason’s ‘Swiss Cheese Model’. 
This represents safety barriers by slices 
of swiss cheese with holes randomly 
distributed in each slice representing 
flaws or weaknesses in those barriers. In 
a stable situation the holes in all the slices 
do not align in a way that lets something 
pass right through all the layers; but 
if there is ‘noise in the system’ that 
causes the layers to move, or something 
changes to introduce a new hole, a path 
can appear through all the barriers and 
that is when failures and accidents occur. 
Human factors often contribute those 
change factors. 

Risk assessment should seek to identify 
the potential weaknesses (holes) and 
aim to eliminate or mitigate them. For 
any system with people involved (and 
that includes the design of automated 
systems) an understanding of what makes 
people more prone to making errors is 
essential. Human performance is not a 
given – systems need to provide layered 
protection, and risk assessments should 

be cautious in assuming that different 
issues cannot occur simultaneously.

It is important to recognise that risk is 
not always a linear factor, e.g. increasing 
train density may cause a ‘cliff edge’ to 
be reached where risk suddenly increases 
markedly. Running in degraded (partial 
failure modes) where safety is more 
dependent on manual procedures always 
presents greater risk and needs to be 
planned for, and training provided. As one 
of the examples (Bad Aibling) illustrates, 
(and it is by no means unique), it is also 
possible for people to wrongly believe 
that technical systems have failed, even 
though they have not. Assessments 
should look for new emergent issues as 
well as incremental changes which can 
add up to significantly changed risk levels.

Safety systems should always include 
provision for the collection of data 
relating to human error both in normal 
and degraded modes in order to identify 
and then act to control or mitigate the 
factors that make errors more likely or 
even inevitable.

All railway businesses should have access 
to human factors expertise, and human 
factors must be integrated into all railway 
processes, particularly those involving 
significant change.

The increase in the use of automated 
systems of operation which are still 
designed by humans means that 
diligence is needed in design processes 
and system verification and validation 
(V&V) to reduce error rates. Early 
investment in a good system architecture, 
automated validation processes, the 
avoidance of over specification (and 
thus unnecessary complexity), and 
good system documentation for future 
maintainers will all pay later dividends. 
Once again planning for degraded modes 
of operation is essential.

The full paper sets out a number of 
other good practice pointers for human 
factors management.
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Original image Shutterstock/CodexSerafinius.
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Paper 3: Improving the 
management of emerging and 
residual risks of Railway Control 
Command & Signalling (CCS) 
systems (Libor Lochman assisted 
by Jean Baptiste Simonnet 
– presented in Dallas by 
Francis How).
The full paper can be found at 
irse.info/itc48.

One of the aims of the European Union 
is to create a Single European Railway 
Area, supported by advanced regulations 
and standards delivering interoperability 
and a sufficient level of safety. There 
are emerging as well as residual risks in 
CCS technology and there is believed 
to be an insufficient knowledge of how 
to mitigate them (including the very 
topical risk of cyber security) without 
threatening system level safety, and 
decreasing system performance in 
terms of capacity and punctuality, 
and increasing overall cost. The EU 
believes that a harmonisation of safety 
practices can lead to better performance, 
reduced cost and therefore greater 
competitiveness for the railway sector. 
Whether you agree with that philosophy 
or not, the framework now produced 
does reflect acknowledged good practice 
in Safety Management. 

Through the Railway Safety Directive 
the EU has introduced the Common 
Safety Method (CSM) for risk evaluation 
and assessment which for EU member 
states is a mandatory generic harmonised 
risk model. The rationale is that current 
practice should change and evolve 
towards a more harmonised approach 
that will contribute to improved rail 
performance. Harmonisation should help 
to reduce diversity and the impact of 
technical failures in a cost-effective way.

Within the European safety management 
framework, the CSM provides a detailed 
methodology for assessing safety 
risks related to any change within the 

railway system; it should also allow 
the identification and mitigation of 
degraded modes that can lead to severe 
consequences. It provides a guidance for 
safety hazard identification, analysing the 
risk impact from those hazards, defining 
relevant and suitable safety requirements 
and measures for accepting/
managing residual risk.

When the CSM is used properly the 
documentation trail produced can be 
an important tool for recording the 
‘corporate memory’ of residual risk. CSM 
requires Railway Undertakings (RU) and 
Infrastructure Managers (IM) to have a 
collaborative Safety Management System 
in place and to use it to manage change.

Using CCS as an example, and the 
CSM Risk Assessment process, if the 
conclusion is that the risk does not need 
further reduction due to the system being 
compliant with established practices and 
standards, the associated decision must 
be justified and documented. This will 
also include explicit safety design targets.

There must be assurance that the 
acceptance criteria (code of practice, 
reference systems or explicit design 
target) is relevant. All interfaces 
within and to areas outside the scope 

Conclusion
These three papers were intended as 
a call to action. Rail accidents with a 
significant loss of life or injury may be 
few and far between, but recent high-
profile cases show that they are still 
headline news. With new competition 
emerging, the rail industry needs to be 
even better. The first two papers address 
the most common causes of recent 
significant accidents and the third sets 
out the rationale and opportunities for 
applying the structured methodology 
that the EU has developed. We commend 
them all to you and recommend that you 
take the time to read the full papers. 

The ITC’s intention is that this paper 
should be read by a wide audience 
within the railway industry – please 
help by sharing with your colleagues 
who are not IRSE members. 

The link to a PDF copy on the ITC 
page in the Knowledge area of the 
IRSE web site is irse.info/itcreports.

More information about the 
ITC and its work can also be 
found on that page.

of the change should also be very 
carefully considered.

CCS is only part of the overall railway 
system, and very often some risks are 
exported to other sub-systems or 
processes and to other duty holders e.g. 
where degraded modes of operation rely 
on operational rules and procedures. 
The risk handover process must not be 
unidirectional and the acceptance and 
understanding of these exported risks 
by those who have to manage them 
must always be negotiated and agreed 
and never assumed!

The paper concludes by saying that 
safety arguments based on long standing 
custom and practice, often embedded 
in rules and procedures, should be 
reviewed periodically, particularly when 
other changes are being made. Emergent 
threats like cyber attacks, incremental 
changes and increased usage over time 
can affect both rail and road traffic. A 
good example is the impact of these on 
safe level crossing operation; simpler 
crossing types may present an acceptable 
level of risk when rail and road traffic 
are light, but increase the traffic density, 
type or speed of either road or rail 
and more comprehensive risk control 
measures may be needed.

If you are a manager or responsible 
engineer in the rail industry then the ITC 
suggests that, to perform your role in 
a diligent manner, you should consider 
whether your safety management system 
is adequate. You should consider if it 
has been applied correctly and whether 
your organisation is using appropriate 
good practice solutions and engineered 
systems to protect staff from the errors 
they will occasionally make. Relying 
on past ‘custom and practice’ is simply 
not good enough.

Risk assessments may need to be adjusted to take account of hazardous cargos being 
transported by rail. Photo Shutterstock/s_oleg.

http://irse.info/itc48
http://irse.info/itcreports
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Distributed Acoustic Sensing (DAS) 
in the railway sector:  
realising a vision

Since conducting the first trial 
systems based on Distributed 
Acoustic Sensing (DAS), significant 
progress has been made in 
continuing to develop this 
technology for use in the railway 
sector. International installations 
provided numerous insights 
into various influencing factors, 
data processing and the relevant 
solutions. This article outlines some 
of the most important findings and 
developments. It uses the DAS-based 
Frauscher Tracking Solutions FTS as 
an example application. 

Train detection systems in the 
digital age
With the digitalisation of the railway 
industry, an increasing number of 
different train detection systems are 
emerging. Their main task is the same: 
to confirm the presence of a train 

and continuously update the details 
of its position. This enables safe and 
efficient operation to be maintained and 
relevant information to be passed to 
passengers and other stakeholders, e.g. 
workers on the line. 

Axle counters and track circuits currently 
represent the state of the art in train 
detection. Due to their high availability 
and significantly lower life cycle costs 
compared with track circuits, axle 
counters continue to be on the rise 
throughout the world. While both 
systems are in principle suitable for the 
fail-safe output of clear/occupied status 
of a section of track, they only detect 
a train in defined track sections and do 
not provide any information about the 
position of a train within this section. 
In contrast to this, other systems are 
available that continuously detect the 
position of a train. Since these systems 

also enable greater train frequency 
rates and in turn better utilisation of the 
line, their development is potentially 
attractive to railway operators. With this 
in mind, a whole host of new approaches 
have been developed for the recording 
and transmission of the relevant data. 
These solutions include the European 
Train Control System (ETCS) and other 
systems based on satellite positioning, 
train-to-train communication and 
DAS, or a combination of these and 
other technologies. 

Each of these approaches has the 
potential – as a stand-alone solution or 
in combination with other technologies – 
to increase the train frequency on certain 
lines. Depending on the characteristics 
and costs, the individual concepts are 
suitable for use in different segments, 
such as freight routes, highly frequented 
lines, or branch lines with little traffic.

Impact sound

Scatter site

Backscatter

Light pulse

Altered backscatter

Optical fibre

Figure 1 – 2,500 laser pulses per second are sent into a glass fibre in order to detect objects and 
processes occurring along a track using DAS.
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Train detection using DAS-
based systems
The principle of DAS is based on the 
ability to detect changes in intensity of 
light reflections caused by sound waves 
radiating against a single-mode fibre 
optic cable (Figure 1). A coherent laser is 
pulsed into this fibre at a set frequency. 
Natural impurities within the fibre cause a 
small portion of light to be reflected back 
to the source; this is called backscatter. 
The intensity of the reflected Rayleigh 
backscatter is measured as a function 
of time after transmission of the laser 
pulse, translating to physical changes in 
any given fibre section. These changes 
can be caused by structure-borne sound 
and vibrations in the vicinity of the fibre 
optic cable. Classification algorithms 
translate these measurable signatures 
into alerts and reports for example about 
movements of vehicles, rail defects or 
footsteps of persons. 

The huge potential of the basic physical 
principle was already apparent during 
initial evaluations of the use of DAS in the 
railway sector. Since then, together with 
interested operators, system integrators 
and research institutes various concepts 
and ideas as well as various installations 
have been realised. Implementing a 
DAS-based system provides operators 
with an extremely efficient way to 
upgrade their infrastructure. The fibre 

optic cables needed are already in place 
along many routes, often being used 
for communication purposes. Only a 
single fibre is needed from the fibre 
bundle to integrate these solutions. Vast 
sections of the route can therefore be 
equipped economically and efficiently. 
What’s more, the optical fibres used are 
practically maintenance-free. Unlike 
some other solutions for continuous 
train detection (e.g. satellite positioning), 
which are geared towards a reduction 
in trackside components, systems based 
on glass fibre optics focus on minimising 
retrofitting costs on trains (Figure 2). 
Origin, design and technical equipment 
of the rolling stock are insignificant 
when it comes to detection since this is 
exclusively realised via fibre optic cables 
along the track. 

Thereby, DAS-based solutions make 
it possible for all trains within a 
monitored track section to be located 
in real-time. The information obtained 
provides considerable benefits for traffic 
management. In remote areas, this 
technology can provide a cost effective 
and efficient solution for signalling 
control systems. In non-safety-relevant 
areas, they can be used as a stand-alone 
solution. Integration of an axle counter 
makes it possible for the DAS-based real-
time tracking of trains to be combined 
with safety-relevant applications. 

Associated interfaces enable level 
crossings to be controlled with greater 
precision. Inputs from both systems can 
be combined in the Traffic Management 
System (TMS) in order to calculate 
accurate times of arrival, supply platform 
displays or to precisely coordinate 
platform announcements.

In simple terms, the fulfilment of the 
fundamental tasks of train detection 
systems is based on the detection of the 
start and end of the train, the direction 
of travel and ideally the speed. Tests 
have shown that a single DAS unit can 
optimally cover up to 40 km of glass 
fibre in each direction, so 80 kilometres 
in total. In this range, the cable can 
detect trains as moving objects with a 
large mass and high acoustic energy 
level within a radius of approximately 50 
metres. Smaller acoustic sources can be 
detected, but within a smaller radius. 

It has become evident that detection 
is influenced by various factors. These 
include the intensity of the signal and 
the condition of the transmitting media, 
the type and site of the cable routing, 
the type and sensitivity of the cable and 
ambient noise sources. These variables 
are explained in greater detail below. 
Technological parameters, such as the 
optimisation of measurement methods 
through adjustment of the laser pulse, 
are also crucial. In addition, different 

GSM-RDMI

Traffic control centre DMI  Driver machine interface

Optical fibre
Radio communication 
Cable communication

On-board
equipment 

Figure 2 – DAS-based train detection systems only require minimal retrofitting work.



 IRSE News |  Issue 248  |  October 2018

16

solutions must be found for specific 
scenarios, such as cables laid in loops or 
cable routing that deviates from the track. 
The relevant approaches are explained 
later in this article, together with a 
description of how the evaluation and 
further processing of the acquired data 
presents an additional challenge.

Signal and transmission
When using DAS for train tracking 
and the monitoring of infrastructure 
components, the fibre optic cable itself 
becomes a linear sensor. Accordingly, 
a signal must travel a certain distance 
from its original source to the glass fibre 
for it to be detected. Various factors can 
have an influence on the signal across 
this distance. 

Intensity of the signal

The intensity of the original signal 
has a considerable influence on 
the fundamental detectability – an 
individual’s footsteps will of course 
generate fewer sound waves and 

vibrations than an approaching train 
(Figure 3). The distance of the acoustic 
source to the glass fibre also plays a role. 

Condition of the transmitting medium

The conditions in the immediate 
surroundings of a glass fibre have an 
influence on the type and extent of the 
signal reduction from the source to the 
glass fibre. While sand, for example, 
represents a poor transfer medium, 
argillaceous (containing clay) subsoil 
has been proven to be a highly effective 
conductor for the signals of interest. 

Type and site of routing 

Until now, ideal results were obtained 
with cables laid in a concrete cable tray 
or directly into the ground, running 
approximately three to five metres away 
from the track (Figure 4). Other methods, 
such as attaching the cable directly to 
the foot of the rail or to attachments near 
the track, might make it easier to detect 
certain acoustic sources. At the same 
time, the sensitivity also increases with 

regard to various other influences, such 
as wind or rain.

Cable quality and condition 

The different types of fibre optic cable 
can influence the sensitivity. Whilst the 
quality and purity of the glass fibres 
co-determine the range, the material, 
strength and condition of the sheath can 
increase or restrict the sensitivity of the 
system (Figure 5). 

Ambient noise sources 

Since DAS-based solutions detect and 
classify different incidents through 
their acoustic signatures, all acoustic 
sources in the vicinity of the track must 
be taken into consideration. Depending 
on the type of installation, static 
installations such as industrial plants, 
point machines or compressors can also 
be counted among these factors. All of 
these influences combined can lead to 
overlaying, which in turn must be taken 
into account in the evaluation. Suitable 
filters can, for example, incorporate 

Figure 3 – Trains can be detected by DAS within a maximum radius of 50 metres.

Figure 4 – Fibre optic cables are often already in place along a track 
and can be used to install FTS.

Figure 5 –Fibre optic cables consist of a 
whole range of layers and components, which 
influence the sensitivity of the system.
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or mask fixed locations and routinely 
detected acoustic sources. 

While the use of DAS-based systems 
was still uncharted territory a few years 
ago, this short overview demonstrates 
how various specific parameters can 
now be named that permit optimisation 
of the system’s usage in the field. It has 
been found that different approaches 
to handling these factors can lead to 
varying degrees of success in different 
applications. It is therefore already 
possible to draw specific conclusions 
from fluctuations (resulting from 
the above-mentioned factors) in the 
continuous train signal along a section of 
track. For example, it can be determined 
in which sections specific applications 
can be used effectively or with limited 
function, and as a result of which factors.

Ways to improve train detection 
using DAS
Various challenges arose in the further 
development of DAS for use in the 
railway sector. For example, in order 
to continually detect moving objects 
along a section of track, a suitable 
solution first had to be found that 
satisfied the specified requirements. To 
increase the accuracy and reliability of 
the data acquired, various factors were 
identified which allow for optimisation 
of the system. 

Further development of the 
measurement method
Initial installations of the FTS functioned 
according to the principle of sending 
a single laser pulse into a glass fibre 
and evaluating the changes in the 
reflection. This measurement method 
has been improved in order to obtain 
detailed information when using 
DAS in the railway sector, e.g. on the 
length of the train, its speed, or even 
the condition of individual train and 
infrastructure components. 

The optoelectronics are being optimised 
with regard to the type and evaluation 
of the optical pulse, meaning that 
considerable advances have been made 
in relation to quantitative measurement 
results. More detailed information can be 
obtained during the detection of moving 
objects using this modified measurement 
method. The beginning and end of a train 
can thus be identified much more clearly 
in the evaluations, which ultimately 
means that the completeness of the 
train can be checked, at least in non-
fail-safe applications. Special filters allow 
for a reduction in noise signals and in 
turn an increase in the range covered by 
individual DAS units.

Owing to constant advances in computer 
technology, continuous progress is 
also being made in the development of 
methods for extracting information from 
the datasets collected. In this regard, 
the use of artificial intelligence opens 
up completely new possibilities. Initial 
approaches to handling these volumes 
of data are explained in more detail later 
in this article.

Comparison of the cable routing 
and track layout
Fibre optic cables that are already in-situ 
and that have previously been used for 
communication purposes are frequently 
used in the installation of DAS-based 
systems. This practice leads to significant 
cost savings during installation, as new 
cables do not need to be laid. This also 
brings with it certain challenges.

Coils of fibre are often left within 
existing fibre optic cables, which usually 
function as reserves. These ensure that, 
for example, repairs can be carried out 
on the cable quickly and easily. When 
detecting trains using DAS, however, 
these coils can lead to differences in the 
optical distance measured in the cable 
and the true distance that a train has 
travelled. The starting point in both cases 
is the transmitting unit, from which laser 
pulses are sent into the glass fibre. 

As a solution to these irregularities, the 
Frauscher research and development 
team has manually identified and 
filtered relevant points in initial 
installations. The aim is to develop a 
logic in order to automate this step. To 
do so, an algorithm will be developed 
using artificial intelligence, which 
independently identifies, classifies 
and filters the pattern occurring at the 
relevant points (Figure 6). Not only is the 
accuracy of the measurement increased 

still further, but the calibration phase 
during the installation is shortened 
significantly. 

In addition to these coils, sections in 
which the cable follows a completely 
different route to the track posed 
a particular challenge. To solve this 
problem, so called geo-referencing 
points were defined. The optical 
distance between the transmitting unit 
and defined points along the fibre was 
measured for this purpose. At the same 
time, the true distance that a train has 
travelled along the track when it reaches 
one of the measurement points in the 
glass fibre was also determined. This 
means that a comparison could be made 
between the measured distance and true 
distance at specific points. The aim of the 
subsequent development is to automate 
the manual measurement processes 
that needed to be performed here and 
to progress from determining the train’s 
position at certain points to continuous 
position detection. Additional logic 
was developed for this purpose, which 
enables an automatic and continuous 
comparison of the measured distance 
and the distance travelled along the track. 
The data required for this is determined 
during selected train journeys. Thanks 
to the automatic evaluation process, 
as many points as desired along the 
track and glass fibre can be taken into 
account, increasing the accuracy of the 
system considerably.

Data processing: harnessing 
new potential
Highly complex datasets are generated 
using DAS-based systems, such as FTS. 
This data can contain information about 
the position of the train, the status of 
infrastructure components on trains 
and on the track, or different processes 
occurring along a section of track. To 

Figure 6 – Coils in the glass fibre will be automatically filtered in the FTS by 
specially developed logic.
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derive this information and to be able 
to supply it in a meaningful format at a 
suitable juncture, new approaches to data 
processing are being employed. 

Location of processes in the 
system architecture
The system architecture plays a 
fundamental role here, as it determines 
where data processing and classification 
takes place and where corresponding 
resources must be provided. To increase 
the flexibility and performance of the 
system, the connection between the 
detection unit and the processing unit of 
a DAS -based solution should in future be 
enabled via high-performance networks, 
for example a fibre optic backbone. 
Implementing suitable interfaces allows 
for the setup of different architectures. In 
doing so, data can either be transferred to 
a centralised processing and classification 
unit based on specific hardware or cloud 
technology, or a decentralised unit. To 
enable this transfer, a thorough pre-
evaluation and data compression must 
be carried out in the detection unit. The 
development of additional filters may 
contribute towards reducing the amount 
of data transferred here. 

Logic and artificial intelligence
Various approaches and tools are used 
in the processing unit of the FTS for 
data collection and data processing. 
Mechanisms for detecting patterns, 
deep learning methods and specially 
developed algorithms enable efficient 
data preparation. Particularly with 
respect to classification, the use of 
artificial intelligence offers great potential 
since corresponding algorithms can be 

further developed on a global scale and 
independent of the system. Specially 
developed logic levels allow the system 
to take into account factors, which if 
ignored, lead to false detections – for 
example, stationary trains disappear from 
the data and are identified as new trains 
when they start moving again. 

Interfaces and data 
implementation
The implementation of logic and artificial 
intelligence takes into account the import 
of data from other systems, such as 
information from inductive wheel sensors 
or axle counters. Thereby, additional 
inputs, such as train numbers from the 
TMS, can be incorporated. Platform 
announcements can thus be supplied 
and controlled automatically, based on 
continuous train detection, reliable track 
vacancy detection and the accurate 
identification of individual trains, for 
example. (Figure 7).

Depending on the requirements of the 
individual application, relevant data can 
be fed in at the processing unit level 
during data classification. This requires 
a suitable logic, sufficient computing 
power and the establishment of 
suitable interfaces.

Experiences gained from previously 
implemented FTS installations have 
shown that both the use of high-
performance interfaces, networks and 
computers and the implementation of 
a reliable logic and artificial intelligence 
are crucial. In this way, data acquired 
using this technology can be prepared 
in a targeted manner and information 
appropriate to the application can be 

transferred. A variety of inputs can be 
fed into different rail infrastructure 
systems via communication interfaces 
developed for this purpose, which enable 
the operator to derive instructions, 
alarms, and more. 

The future of train detection
Trains can be detected along long 
sections of track in real-time using DAS-
based systems. Minimal complexity in 
terms of hardware and installation allows 
for cost-effective implementation in 
various, even remote regions that may 
not have a train detection system yet. 
Since no specific equipment is required, 
this solution offers various advantages 
compared to other satellite- or cellular 
network-based approaches. 

Since the introduction of DAS-based FTS, 
more than 30 installations have been 
carried out in various countries. These 
test different applications in the field of 
train detection as well as the monitoring 
of infrastructure components. What’s 
more, various pieces of information for 
increasing safety in the vicinity of rail 
networks – for example through the 
detection of unauthorised access to 
sensitive areas – have been evaluated 
and are already being put to use. The 
findings obtained based on these systems 
are incorporated directly into the further 
development of hardware and software, 
whereby new possibilities and insights are 
being identified on an ongoing basis. 

Frauscher also involves customers, 
partners, component manufacturers, 
universities and other institutions in 
this comprehensive research and 
development programme. They are 
working on a variety of issues in a wide 
range of fields mentioned in this article. 
In light of the complexity and sheer 
scale of the possibilities identified up 
until now, the roadmap for processing 
corresponding tasks now covers 
several years. 

It is safe to assume that DAS will become 
an indispensable technology in the 
railway sector. Progress is already clearly 
noticeable, not least because of the 
increasing digitalisation of the railway 
sector. New impetus can also be found 
outside of the railway industry, e.g. from 
new ways to record – and in particular 
transmit and process – data. Close 
collaboration between component 
manufacturers, system integrators and 
railway operators will therefore be more 
important in the future than ever before. 
Only then can the complex challenges 
in the strategic triangle of technical 
possibilities, normative requirements and 
individual parameters be met. 

FTS

Ethernet
Data cable
Route information

Optical fibre

Figure 7 – The combination of information from the FTS and additional data allows for the 
implementation of various applications.



19

Savoir Ltd, UK

What happened to ‘Tactical Agility’?

Malcolm Savage Mike McGuire
Savoir Ltd, UK

For many years both authors have 
been involved with the development 
and implementation of modern 
technologies in signalling and 
operations control. We have 
encountered a number of recurring 
issues and this article is intended 
to highlight the most significant 
problem area, which continues to 
cause us serious concerns.

Opinions given in this article are those 
of the authors rather than of any of the 
organisations mentioned.

Part 1: ARS – Realities and 
Perceptions
ARS background
Thirty years ago Automatic Route 
Setting (ARS) was the name of a product 
developed, installed and maintained by 
British Rail Research (BRR). It not only 
set routes according to the timetable but 
could alter the sequence of trains, and 
in some circumstances choose different 
routes or platforms, to reduce overall 
delay. At this time ARS was well ahead of 
the technological ‘curve’.

Since then development has continued, 
albeit rather slowly, and the acronym 
ARS should perhaps now more usefully 
be used to describe the concept of a 
system which sets routes automatically 
and, preferably, has the intelligence to do 
so in ways which optimise performance. 
In what follows, we use ‘intelligence’ 
and ‘intelligent’ in this specific context. 
Notwithstanding the development of 
more sophisticated automation products 
in several other spheres, in railway terms 

the UK products described below still 
lead the world.

Ten years ago, Network Rail introduced 
an update to their ARS standard (NR/L3/
SIG/10120). The original version, which 
essentially described what the BRR ARS 
did, only ever had ‘interim’ status but 
the later version had a compliance date 
of Sept 2008. It is not clear whether 
Network Rail still regard this standard 
as in force. The major change which 
the new version introduced was the 
capability for the ARS configuration data 
(described below) to be modified by staff 
at the signalling centre. This ‘standard’, 
which is still as much a product 
description as a set of user requirements, 
is colloquially known as ARS+.

ARS products
Two products comply with ARS+ and are 
in use on Network Rail. Both have all the 
intelligence of the original ARS with some 
detailed improvements.

Resonate’s Enhanced ARS (EARS) is a 
direct descendant of the original ARS and 
is supplied as part of IECC-Scalable.

Hitachi’s Signaller’s Assistant Route 
Setting (SARS) is very similar to the 
original ARS. It forms the ARS engine 
within Hitachi’s Signaller’s Assistant 
package (TRESA) which includes the 
ability to modify configuration data (and 
which formed much of the basis for the 
development of the ARS+ standard). It is 
installed on some Siemens Controlguide 
Westcad and Alstom (GETS) MCS 
signalling control systems.

An ‘unintelligent’ ARS system, also 
coming into use on Network Rail, is 
Siemens’ Immediate Route Setting 
(IRS). This was originally developed for 
London Underground schemes and 
is used in connection with Siemens’ 
ETCS/ATO system on the two Westcad 
workstations controlling the Thameslink 
Core. There is no inherent reason why 
intelligence should not be added to IRS 
(although it would require some software 
development). There are some key parts 
of ARS+ with which IRS does not comply.

ARS benefits
The ARS concept was developed 
to provide a number of benefits 
including the following.

1. Avoidance of misrouting by keeping 
trains on their planned routes or 
on alternative routes which meet 
all their planned calling points. 
Signaller misrouting is known to be a 
significant problem in some areas.

2. Continuous vigilance by setting 
routes as near to instantaneously 
as the infrastructure allows in a way 
which no human operator, however 
skilled and diligent, can match.

3. Implementing associations by making 
code insertions where trainsets 
change their identities, managing 
splitting and joining moves correctly, 
allowing double-docking, and 
managing connections in the (now 
few) cases where these are allowed.

4. Automatic regulation by optimising in 
real-time the sequences and routing 
of trains to minimise overall delays 
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or to achieve certain other business 
objectives. To deliver this benefit, an 
ARS must possess what can be called 
‘tactical agility’.

5. Making signallers more effective by 
allowing them to concentrate on 
resolving problems, some safety-
critical, which inevitably make it 
impossible for them to respond 
effectively on every occasion 
to short-notice perturbations. 
Reducing signaller numbers is 
also made possible.

Although the first three of these could 
be achieved with a dumb ARS, it is the 
last two which provide the greatest 
operational and financial benefits and for 
which an intelligent ARS is essential. 

ARS data
ARS systems, like all operational systems, 
and particularly Traffic Management (TM), 
are heavily data-driven and require (at 
least) four data streams.

Geographic data
This data provides a factual description of 
all relevant elements of the infrastructure 
to be controlled – signals, points, berths, 
train detection sections, Timing Point 
Locations (TIPLOCs), etc. Some of the 
data, such as that used for interpolation 
(see below) has to be calculated but 
this does not involve a significant 
element of judgement.

Configuration data
This data involves careful judgements 
to specify a series of parameters which 
describe how the user wishes the area 
to be operated. It is sometimes referred 
to as an Operating Requirements 
Specification. It includes factors such 
as how far ahead of a train route should 
be set. Three key parameters specify 
the thresholds of operational benefit 
(expressed as minutes of reduced 
overall delay) below which the ARS 
should not change the currently 
planned train sequence or routing. The 
intelligence of the ARS can be completely 
disabled by setting these thresholds to 
very high values.

Timetable data
Essentially this is the working timetable 
for the area concerned, provided as an 
extract in Common Interface File (CIF) 
format, generally referred to as a CIF-
extract. In addition to the identities, 
timings, planned consists, allowances, 
etc. of each train, this data should also 
include information such as associations 
which, among other things, make 
possible Automatic Code Insertion (ACI) 
where the identity of a trainset changes. 
Signallers consider ACI to be a significant 
benefit of an ARS. Currently, CIF-extracts 

do not contain on-the-day changes to 
the timetable and these must be made 
by the signallers. The essential purpose 
of TM systems is to enable controllers 
to implement these later changes and 
corrections, and to make alterations 
to improve on-the-day running, the 
final timetable being passed to the ARS 
(integrated TM) or the signaller (isolated 
TM), at least 5 minutes before the event 
(and in some circumstances Network Rail 
suggest at least 10 minutes).

Real-time data
The current positions and identities of 
trains and the states of infrastructure 
elements are obtained by ARS primarily 
from the interlocking and the train 
describer system (TD). ARS+ specifies 
(in paragraph 7.2.9) that the “ARS shall 
not test the availability of a route by 
requesting the interlocking to set that 
route”, so an ARS must maintain an 
internal map of infrastructure states 
and train positions. Train lateness is 
determined by comparing train positions 
with the timetable, using interpolation 
information from the geographic data 
between TIPLOCs. ARS+ does not 
require that current train speeds be 
known to the ARS.

Misconceptions about ARS
In the three decades since the pilot 
scheme at Three Bridges in 1983, and 
the initial deployments at Liverpool 
Street, York, and Yoker in 1989, ARS 
products have shown themselves to be 
very capable of delivering the benefits 
expected. However, perceptions have 
emerged that ARS is surrounded by 
problems and that it is unpopular with 
some signallers. There is little justification 
for either of these perceptions. Some of 
the key issues are discussed below.

Some signallers have made complaints 
about ARS, but careful examination of 
the records and interviews with signallers 
show that such complaints are neither as 
frequent nor as serious as often claimed, 
and signallers do have much to say about 
ARS which is positive. It is notable that 
signalling centre managers are often 
more positive about ARS than their staff 
and do not consider the complaints to 
be a major issue.

One complaint which is sometimes made 
is that the ARS does not always do what 
the signaller expects - when it doesn’t 
do what they would have done. If the 
automation cannot sometimes make 
more carefully judged, and superior, 
decisions than a human operator then 
much of its value is lost.

Some signallers say they would like to be 
told in advance what the ARS is going to 
do, whether or not ‘unexpected’. In order 

to make its decisions on the basis of the 
best possible (and therefore the latest 
possible) information, an ARS must be a 
real-time system, for which any ‘pre-
announcement’ is not possible. There 
seems to be, in some parts of the railway, 
failure to recognise this point. To describe 
TM as capable of “real-time planning” is 
to misuse the term “real-time”. “Planning”, 
by definition, has to take place before the 
event being planned.

Most of the complaints made about the 
ARS are not due to inherent inadequacies 
in the software but arise from inaccurate, 
inappropriate or incomplete data, 
in particular the geographic and 
timetable data. 

The geographic data must be 
comprehensively tested but its sheer 
scale means that inaccuracies can 
creep through and are then difficult to 
correct. The ARS+ enhancement made 
adjustments to the configuration data 
easier to apply but it is not clear that this 
facility has yet been used effectively. The 
scale of both these challenges will be 
increased significantly for TM.

The biggest problems lie with the 
timetable data. As recent events 
demonstrate, Network Rail’s cohort of 
timetable planners is always stretched 
and can be overwhelmed by events. 
It is telling (and depressing) that one 
of the ‘benefits’ claimed for TM is the 
ability to correct errors in the timetable. 
It is important to recognise that in the 
automated world of the Digital Railway it 
is the timetablers who, in many senses, 
‘operate’ the railway. 

A belief has emerged that, although 
the ARS makes good local decisions, its 
breadth of view is limited and its choices 
often cause problems further away. No 
objective evidence has been put forward 
to suggest this is a significant issue. It 
seems much more likely that making 
the best local decision will be preferable 
to considering distant situations which 
are subject to further change due to 
unexpected events en route. In any case, 
if, for example, a planned sequence has 
been changed to improve throughput in a 
busy area, there is usually an opportunity 
beyond the congestion to reverse the 
sequence if it will cause problems further 
on. The Thameslink core is a prime 
example of such a busy area.

As a result of these misconceptions a 
view has emerged that the ARS should 
be ’unintelligent’, although this opinion 
is sometimes repetitiously over-
stated, without any clearly-articulated 
supporting evidence. Instead of 
dumbing-down the ARS it would be far 
better to ensure that both the automation 
and the signallers perform well the tasks 
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at which they are best, and thus form an 
effective partnership.

Part 2: The role of ARS with TM

The Network Rail Traffic 
Management Project

Traffic management systems have the 
potential to provide railway operators 
with a wide range of automated tools 
which it is hoped will enable them 
to make significant improvements in 
performance and efficiency. Initially 
the focus will be on managing on-the-
day running of the train service itself. 
In time this can be expanded to cover 
stock and crew scheduling, maintenance 
and possession planning, information 
gathering and dissemination, condition 
monitoring, and many other aspects 
of running the railway. At the heart of 
such a system is its ability to hold a 
“single version of the truth” which all 
those involved can rely on and, where 
appropriate, contribute to.

Over more than a decade a small but 
dedicated project team within Network 
Rail has been developing plans for 
deploying TM schemes across the 
network. We warmly welcome this 
development and have been pleased 
to be involved in the process. Now 
several much larger teams are working 
hard to bring some initial schemes into 
operation. Whilst we are pleased that 
this is happening, we are very concerned 
that some of the key issues which we 
have identified during our work are not 
being addressed effectively and that 
operational performance may suffer 
considerably as a result.

Unfortunately, early progress with TM 
has faltered as the implementation 
phase approached. Only two, much 
abbreviated, schemes remain from 
the original programme, Cardiff and 
Romford, and both of these appear 
to be struggling. Two more schemes, 
however, Thameslink and Didcot, have 
developed independently and are making 
better progress.

The original bidding process was won 
by Thales who were to install their 
ARAMIS-D TM system at Romford and 
Cardiff. At Romford their proposal was 
to replace the Upminster IECC with 
ARAMIS-D and Westcad. IRS would 
be used to set routes in accordance 
with the last timetable produced by 
ARAMIS-D at least 5 minutes earlier. 
So, the tactical agility of ARS would be 
discarded in favour of a process which 
would require signaller alacrity to act 
ahead of IRS if any disruption occurred 
during this > 5 minute ’window’. It was 
originally proposed this scheme would 
be in full operation by now, but progress 

has slowed and ARAMIS-D will, at least 
initially, be used in ’isolated’ mode, simply 
providing advice to signallers. 

Thameslink currently is the big issue. It 
was decided to introduce a TM system 
covering a substantial area on the 
approaches to the Thameslink core with 
the objective of improving the chances 
that trains can be presented at Blackfriars 
and Canal Tunnel junctions at regular 
intervals. Hitachi won the contract 
with their Tranista product. In parts of 
the area this will operate in isolated 
mode, providing advice to signallers 
(for example at Kings Cross) about train 
routing and sequencing. But in the 
core and in key parts of the approaches 
Tranista will be interfaced to Westcad 
workstations and routes will be set either 
by IRS (in the core and at St Pancras) or 
by SARS operating in timetable-order 
(TTO) mode. TTO will be achieved by 
setting certain configuration parameters 
of SARS to values which effectively 
disable all of its intelligence. 

Network Rail has specified that any 
change to the current plan (as held by 
Tranista) will almost always be prohibited 
during the 5 minute window ahead of the 
associated route setting. This restriction 
would apply whether the change was 
initiated by a human controller or by 
Tranista’s conflict resolution process. 
Note that Automatic Conflict Resolution 
(‘ACR’) is not currently proposed to be 
implemented in the Thameslink Project, 
although we believe that a very busy 
area like Thameslink could benefit from 
such a capability. ACR was included, 
at least as an option, in Network Rail’s 
Interim Digital Railway TM Requirements 
Specification in 2017.

Resonate have recently deployed their 
Luminate TM product at Didcot, in 
conjunction with the existing Scalable 
IECC and EARS. It is not yet clear whether 
EARS will finally be allowed to apply 
its full range of intelligent decision-
making capabilities.

‘Unintelligent’ ARS 

Whilst TM is a welcome addition to the 
tools available to operators, it would be 
ill-advised to abandon the intelligence in 
ARS without a careful evaluation of the 
implications for operational performance. 
We have recently reviewed our analysis 
of the adverse effect on performance 
likely to result from a lack of intelligent 
real-time ARS and remain convinced that 
there will be significant problems in areas 
of high traffic density such as Thameslink.

It is clear that, relatively often, train 
running will differ, during the 5 minute 
TM window, from that anticipated 
when the last timetable was generated. 

Sometimes such differences will make a 
further change to the plan desirable or 
even essential. Having a real-time system 
capable of making the best possible final 
decision seems the obvious solution. 

There seem to be two reasons being 
put forward for choosing an 
unintelligent ARS instead. 

There are concerns in some quarters that 
having two systems making independent 
decisions in series will cause some form 
of contention. There seems to be no 
reason why this should be so. TM must, 
to function effectively, be monitoring 
continuously the progress of trains. If 
TM observes that the ARS (or, for that 
matter, the signaller) has caused trains 
to progress in a different order or on 
different routes from those expected 
by TM, there is no reason why it cannot 
take these into account in generating its 
next timetable.

Opinions are expressed that the ARS 
should not be allowed to overrule a TM 
decision without the signaller having an 
opportunity to agree to the change. This 
has led apparently to the conclusion 
that it is best to allow unintelligent 
ARS to implement what is sometimes 
a worse, even disastrously worse, 
decision and to rely on an ‘ever-alert 
signaller’ to intervene in the short time 
available if unexpected running occurs! 
This conclusion is primarily based on 
anecdotal evidence of shortcomings in 
ARS. Part 1 of this article explains why this 
view of ARS is mistaken.

This approach seems to us to be 
fundamentally flawed and likely 
to lead to significantly worsened 
operational performance.

Intelligent ARS on Thameslink  
and elsewhere

To sharpen the focus on the precise 
nature of our concern, it is timely to 
consider in a little more detail the 
Thameslink core and its approaches. ATO 
is being introduced in this area because 
it is recognised that a fully automated 
and intelligent system is needed to 
achieve the necessary performance, 
despite the generally high levels of skill 
and diligence of human drivers. It is 
therefore surprising and disappointing 
that there is a reluctance to rely on the 
tactical agility of an intelligent ARS and, 
instead, to require signallers to possess 
almost super-human qualities. This is 
not to cast any aspersions on signallers, 
many of whom we know from our own 
experience to have at least as much 
skill and diligence as the best drivers. 
Consider the following example.
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Once the full 24 trains per hour service 
is in operation, northbound trains 
must present themselves at Blackfriars 
Junction at precise 2 min 30 s intervals, 
in many cases alternating between trains 
via London Bridge and via Elephant 
& Castle. Scheduled running times 
from these stations to the Junction 
are 4 min and 3 min respectively, both 
times being within the TM window as 
described above. Suppose a train is 
delayed significantly in the platform 
at Elephant & Castle. The TM window 
constraint prevents Tranista from 
altering the current plan to allow the 
following London Bridge train to go first 
through the Junction. The unintelligent 
ARS is also incapable of intervening so 
everything depends on the alacrity of 
the signaller. Within about 3 minutes, the 
signaller must observe that a delay has 
occurred (which may not immediately 
be apparent), decide upon a change and 
then implement this.

A diligent signaller will sometimes 
achieve this and minimise the inevitable 
delays, subsequently slotting the Elephant 
& Castle train into the sequence as and 
when an opportunity arises. But there 
must inevitably be cases where this 
proves to be beyond human ability as 
sometimes signallers will, indeed as they 
must in safety-critical cases, be focussed 
on sorting out problems elsewhere. 
As a result, in such cases, there will be 
an extended gap in the sequence of 
northbound trains which, if long enough, 
will cause delays to all trains until the 
peak traffic subsides. The crossing 
conflict at this double-track flat junction 
means that some southbound trains may 
also be affected.

Frequency cannot necessarily be given 
priority over adherence to schedule in 
this case as, beyond the core, Thameslink 
trains must fit into other service patterns, 
including those through the double-track 
section at Welwyn North which is at full 
capacity at peak times. Delayed trains to 
Edinburgh seem an excessive price to pay 
for a hold-up at Elephant & Castle.

Wherever a TM system is deployed, 
circumstances can arise, though not 
as frequently as is sometimes claimed, 
where it is essential that trains pass 
through a point of conflict in a specified 
order. The existing provision in ARS+ 
for mandatory sequences could readily 
be used to facilitate this. Some changes 
to TM would be needed to allow 
operators to specify such sequences 
and insert them into the current plan. 
Likewise, minor changes would be 
needed in the ARS products to interpret 
one-off mandatory sequences in 
the incoming plan.

Wherever TM and ARS are deployed, a 
vital requirement is that the optimum 
configuration of both products is 
determined by a comprehensive 
programme of realistic simulations. 

A wide range of factors can lead to 
differences between one location and 
another which are not always obvious 
but can have important implications 
for performance. Such simulation 
programmes represent a significant cost 
which must be considered in costing a 
project. There are no ‘one-size-fits-all’ 
solutions for configuring such data-
driven products and the temptation to 
impose general rules should be avoided.

Disseminating the truth
In recent years, information provided to 
customers about train running has been 
much improved by the availability of 
better data about train location. Unless 
very well-informed and detailed data is 
inserted manually however, customer 
information systems (CIS) have no 
ability to predict how trains are going 
to run other than assuming adherence 
to sectional running times. This results 
in errors such as two trains shown as 
arriving at the same platform at the same 
time as shown in the photo below.

TM brings the prospect of major 
improvements in this area because it will 
disseminate, from its comprehensive 
version of the truth, its predictions about 

Off-peak at London Bridge. All photos Mike McGuire.

Contradictory information at Finsbury Park.
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future train running. We were surprised 
and disappointed to hear recently 
that dissemination to CIS will not be 
automatic in the Thameslink deployment 
(at least initially). 

In general, if, after a TM window has 
commenced, delays make a change to 
train sequence necessary, TM will not 
be aware of this until an unexpected 
TD step occurs. This will not occur until 
well after the signaller or ARS has set 
the route and customers may not be 
aware of the change until a different 
train from the one they are expecting is 
approaching the station. 

There is no reason in principle why TM 
should not be informed immediately by 
the signalling control system when a 
route is set and hence be able to infer 
several minutes earlier the predicted train 
arrival times and sequence at the next 
station. The feasibility of such a link was 
demonstrated by the IECC Information 
Generator a quarter of a century ago, 

but the initiative to implement such a 
scheme has been lacking despite its 
obvious benefits for station dwell times - 
for Thameslink not just obvious but, we 
would suggest, vital.

Conclusions and 
recommendations
Our principal conclusions are:

1. UK ARS products can continue 
to make a major contribution to 
the performance, capacity and 
efficiency of railways.

2. Claims of shortcomings in ARS are 
greatly exaggerated and any problems 
which do exist can largely be 
overcome by improving the quality of 
timetable data.

3. There is no justification for dumbing-
down the intelligence in ARS when 
working with TM. On the contrary, 
only with the two technologies 
working in tandem can the best use 
be made of our railway infrastructure.

4. Whatever combination of technology 
is deployed in any individual case, 
it should be thoroughly tested by 
simulation to ensure that levels of 
performance and safety, particularly in 
disrupted conditions, are acceptable.

Notwithstanding the hype surrounding 
the ‘new’ Digital Railway, it is worth 
remembering that Britain’s first digital 
railway project began in the 1980s. 
By the end of that decade, solid state 
interlocking and computer-based, 
automated signalling-control had been 
developed and introduced, and their 
roll-out was underway. The subsequent 
splitting up of Britain’s railway services 
created the potential for a lack of overall 
vision and direction, particularly in 
the field of signalling and control. The 
resulting slow progress in implementing 
further digital technologies such as 
ETCS and TM has been dispiriting. By 
now the use of these technologies, and 
so much else, should have become 
both established and widespread. 
Performance, capacity, efficiency and 
safety would all have benefited markedly. 

The coming of Digital Railway part 2 is to 
be welcomed, although as yet the vision 
seems clouded and the direction unsure. 
It would be extremely disappointing if 
the first accomplishment of the revived 
Digital Railway were to emasculate ARS, 
one of the innovative technologies which 
has survived railway re-structuring. 
Tactical agility is still vital for the 
railway of today.

One of the new Class 700 trains passes the Three Bridges ROC.

Workstations at Three Bridges ROC. Photo Network Rail.
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Another way to modernise:  
Western Region Route Relay 
Interlockings in the 1950s 

Michael Page

Early in this century we entered 
a major cycle of signalling 
modernisation in Great Britain – an 
adventure which seems to come 
up at roughly 40-year intervals. On 
the previous occasion (beginning 
in the 1950s), it was a period of 
immense challenge on the Western 
Region (WR) of British Rail for all 
those involved, who had to make the 
leap from mechanical to electrical 
signalling and abandon all those 
reassuring lumps of wood and iron. 
It was a steep learning curve.

This article is not intended to be about 
the history of the Great Western Railway 
(GWR) and its signalling, but it may be 
helpful to have an understanding of the 
development of WR practices overall, 
not just its route relay interlocking (RRI) 
design. This is not in order to indulge in a 
nostalgic look at some sort of industrial 
dinosaur – perhaps there is something 
here to note for the future.

Historically, the WR could trace its 
lineage directly back to the birth of the 
GWR in the 1830s – and it was proud of 
this heritage. Prior to the ‘1923 Grouping’ 
it had been one of the largest UK railways 
in existence, and many of the governing 
boards of the smaller companies within 
its boundaries were controlled by the 
GWR anyway. The invention by the GWR 
of the Automatic Train Control System 
(the predecessor of BR-AWS) in 1906 had 
a huge impact on their thinking for the 
next generation – signalling investment 
concentrated on spreading this system 
across the network, a decision justified by 
an excellent safety record and improved 
train performance in conditions of 
bad visibility.

In the 1920s, the GWR had developed 
the first route-setting concept. Two 
large signal boxes at Newport using a 

mechanically interlocked, route-setting 
system, were installed by Siemens in 
1928. These were based on an earlier 
experimental installation at Winchester, 
and were the very first route-setting 
systems in the country. In its day, the 
GWR’s commitment to ‘total train 
movement’ was a highly controversial 
idea amongst Britain’s railways, and was 
bitterly opposed nationally. The GWR 
therefore had early experience of the 
route-setting concept and no doubt 
would have continued this policy but 
for cost considerations. The Newport 
installations were ahead of their time,  
but they were expensive, not least 
because all signals (including shunt 
signals) were motor operated.

At the time of nationalisation in 1948, 
the WR was a rather conservative 
organisation, and its design office 
observed practices which had hardly 
changed since the 1930s. Signalling 
and Telecoms (S & T) equipment, 
design and administrative practices 
were already highly standardised and 
centrally controlled across the Region. 
By comparison with elsewhere, some 
considered it was a pace behind 
everybody else, in signalling technology 
at least. The only colour-light signalling 
installations on the region were at Cardiff, 
Bristol and Paddington – and these 
were no more than equivalent to the 
semaphore systems which they replaced 
in the 1930s. Elsewhere, a colour-light 
distant signal was hardly to be found and 
the first multi-aspect colour-light signal 
did not appear until 1955.

In the early 1950s, Britain’s railways 
were in a run-down state and the 
need to renew the mainline signalling 
systems nationally was recognised, to be 
funded by Government under the 1955 
Modernisation Plan.

When modernisation began the WR 
went its own separate way and did things 
differently from the rest of the country. 
Why was this? It is a question people 
often ask and the answer is not just a 
matter of wishing to be independent.

Unlike the other Regions, the WR had 
little experience of major contract 
installations. Since the 1930s, most 
of their work had been designed and 
installed ‘in-house’, and this policy 
was set to continue. Moreover, the 
other Regions’ own modernisation 
plans in the 1950s used virtually all 
of the available contract industry 
resources between them.

The WR had a fully staffed design office 
and competent installation staff, and so 
decided to do the work themselves in 
accordance with their traditional practice, 
thereby maintaining its general policy of 
standardisation. Although some design 
contracts were let and contract labour 
employed on site on many schemes, all 
work was done strictly in accordance 
with WR standards. 

In 1950, the Region opened a newly-
built, fully-equipped factory at Reading 
whose ample capacity would be capable 
of a wide range of work required in the 
production of signal structures, relay 
racks, location cases and for off-site 
prewiring etc. At the time, one press 
report described it as “the best equipped 
factory of its size in the south of England”

There were financial constraints, too. 
Without the stimulus of electrification and 
new station construction, any business 
case based on renewals alone failed to 
meet the investment criteria of the day. 
It was therefore necessary to achieve 
savings in infrastructure and to adopt an 
economical re-signalling strategy. 
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The WR considered they had as much 
experience as anybody in route-
setting operations and had no need of 
a contractor’s offering. They felt fully 
capable of developing a single system to 
suit themselves, which could be adopted 
as a Regional standard. The early years 
of the 1950s were spent in developing 
a complete range of modern standards, 
not only in circuit design but also in 
equipment and installation practices. 

It would be wrong to think however that 
everything was invented from scratch. A 
good example was always worth copying. 
For example, the type of point control 
circuit adopted was based on an early 
design used on the LNER. The control 
panel design was imported from the firm 
of Integra, Switzerland, and represented a 
major step forward in panel design which 
the UK suppliers were quick to emulate. 
The early design engineers drew upon 
general continental experience in arriving 
at this decision.

Distinguishing features
The main design features which 
distinguished the WR RRI system 
are as follows:

A standard signalling control panel
The standard design was a modular 
construction employing a mosaic of 
40mm square tiles which contained the 
necessary indication lights, switches and 
push-buttons, arranged as a geographical 
representation of the layout. The 

operation of this panel required a switch 
to be turned at the start of a route and 
a button to be pressed at the exit. A 
continuous line of white lights indicated 
the route selected which turned to red 
progressively with the passage of a train. 

This form of presentation is 
commonplace today but was a novelty 
when first introduced by the WR, and was 
soon to be emulated nationally. The track 
circuits were not coloured on the panel, 
as found elsewhere, this being regarded 
as irrelevant expense on the WR. 

The Train Describer (TD) and Signal 
Post Telephone (SPT) concentrator 
was mounted vertically above the 
signalling control panel, using a similar 
construction, which related the TD 
and SPT to the layout of the signals 
on the control panel, again a novel 
concept at the time.

A distinct separation between 
‘safety’ and ‘non-safety’ circuits
Broadly, all circuits which are driven by 
the panel or provide indications on it, 
are ‘non-safety’. This permitted all such 
circuits to employ ‘Post Office’ (PO) 3000 
type relays and wiring, in the interest 
of economy and space. To avoid the 
risk of a fault in either of these affecting 
the signalling interlocking wiring, the 
contacts for these relays are placed at 
the start of each ‘safety’ circuit, never 
later. This approach lent itself eventually 
to designing the non-safety circuits in 
solid-state form.

A double-coil lock relay for each 
set of points
Use of a separate coil for all control 
features and another for the ‘holding’ of 
the relay during point movement allowed 
for complete separation of the control 
and holding functions, an important 
feature when meshing circuits and 
thus removing an element of risk in the 
circuit design.

An indication of the ‘locked’ state 
of each set of points at the panel
This is an important aid to the signaller 
which allows him to reason for himself, 
exactly what may be preventing him 
from an operation. As a result, so-
called ‘swinging overlap’ controls 
(to release counter-conditional 
locking in the overlap) are not widely 
provided on the WR. In addition, it 
acts as a useful reminder during hand-
signalling operations.

Remote control systems
The interlocking can be distributed, 
rather than being all centralised in the 
signal box. Up to a transmission distance 
of around 5 miles, control of remote 
interlockings was carried out using 
PO relays and 154 pair 10lb conductor 
cable. Beyond this distance, time division 
multiplex (TDM) systems were employed.

The WR always avoided sending a 
push-button type of control over a 
TDM remote-control system, and so 
the route-calling relay remained at the 

The control panel at Swindon, originally commissioned in 1968 and based very much on the standard ‘turn and push’ control panel design 
adopted as part of the WR RRI project. Following its recent decommissioning it has been preserved by the Swindon Panel Society. 
 Photo Swindon Panel Society.
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signal box-end, with a repeat circuit 
only being transmitted. This avoided 
timing problems in the TDM systems and 
avoided such refinements as ‘immediate 
access’, provided by some suppliers, to 
overcome conflicts when two signalmen 
set routes simultaneously over the TDM 
link. As an aside, the WR were the first to 
operate a London terminus by a remote 
control system in 1966, with the opening 
of the new panel at Old Oak Common, 
about 2 miles from Paddington.

Aspect-sequence circuits are 
different
Aspect-sequence circuits on the WR 
allowed a signal to change directly 
from ‘red’ to ‘green’. This is a trap for 
the unwary designer and requires 
particular care when altering such 
circuits and during testing. The design 
is quite unlike the usual BR practices 
employed elsewhere.

‘Double-cutting’ of circuits is not 
usual
Apart from double-cutting the lock relay 
control of point contactors, this was 
never considered necessary until, in the 
1970s, cases of silver migration on relay 
plug-boards caused a rethink. Earth faults 
in external Polychloroprene (PCP) cables 
also became a cause for concern. In later 
installations, controls in external circuits 
were double-cut.

The WR feed their circuits from the 
negative bus-bars
The feeding of circuits from the negative 
bus-bar is an historical relic from the 
days of dry cells and earth return circuits, 
which avoided corrosion of the earth 
terminal at every point.

The WR Train Describer
The WR conceived the idea, quickly 
adopted nationally, of the alpha-
numeric 4-digit train description 
which would be associated with a train 
throughout its journey.

The WR TD system was developed in the 
mid-1950s, and was a clever relay-based 
design which used the best indicating 
device available in its day, an illuminated 
electro-mechanical counter. This elegant 
device also acted as the storage for the 
whole system but unfortunately proved 
to be very troublesome in the later years 
of their life, and faults were cumulative. 
Attempts to overcome these reliability 
problems by converting these counters 
to a solid-state equivalent were not 
entirely successful. 

The ‘Quick Release’ track circuit
The WR developed its own standard 
track circuit equipment for use in the 
re-signalled areas. This was a departure 
from the usual range of conventional 
equipment and was specifically designed 
to overcome the inherently slow-to-
release characteristics of the dc track 
circuit. In this respect, its performance 
could be compared with the ac vane 
type of relay, but its cost was much 
lower. In essence, ac was supplied to the 
rails at the feed end and a transformer/
rectifier at the relay end, fed a standard 
2.25 ohm dc track relay via a resistor. 
Track circuit length could be up about 
1200m and the relay could be placed 
up to about 1.5 km from the relay-end 
equipment, if necessary. The units could 
also be employed in a configuration 
whereby both the feed and relay-end 
equipment were situated at one end of 
the track circuit, with a half-wave rectifier 
connected at the far end. This was useful 
in bay platforms, avoiding the need to 
put equipment in a confined area near 
the buffer stops.

Some general pros and cons
Standards
As in other matters, the WR had its own 
interlocking standards and BR Signalling 
Principles were not distributed or applied 
directly – they were interpreted by the 
issue of Technical Instructions. Broadly, 
the WR practices were similar to those in 
use generally but there were a number of 
differences, notably in the treatment of 
overlaps and flank protection.

Quite a number of other standards were 
developed during the design process as 
problems or new situations emerged. 
For example, lineside power supply 
distribution standards were developed 
by the first people to encounter a 650V 
feeder. The first people to put plug-
in relays into a cupboard without rear 
access had to work out just how to do 
it. Features like the provision of simple 
lighting and access to a maintenance 
telephone circuit, in lineside cupboards, 
emerged as standard practice at 
an early stage.

Standardised approach
The WR adopted an approach whereby 
the design of every signal box was 
similar irrespective of which supplier’s 
equipment was incorporated. There 
was, and still is, amongst many of the 
former WR signal boxes, a very high 
level of standardisation. Signalling staff 
and signal engineering personnel could 
be appointed to a job in any signal 
box, knowing what to expect. Design 
engineers knew that any alteration 
proposed would deal with a uniform 
technology regardless of location.

Experience gained
The fact that so much of the design 
and installation was done in-house 
simplified the training requirements and 
resulted in a considerable and well-

E10K installation under way. Photos John Batts.
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shared knowledge base amongst all 
levels of design, installation, testing and 
maintenance staff.

Cost effectiveness
The adoption of well thought out 
standards and their rigid application 
produced an economical and cost-
effective re-signalling programme for the 
modernisation period. This was proved 
later to be more than 10% cheaper than 
the offering from any supplier. A key 
advantage of the WR approach compared 
with a ‘supply & install’ contract, was that 
because the project planning, materials 
ordering, staffing, etc., were under the 
control of one client office, following 
strict and standard procedures, cost 
overruns were minimised. It was true, 
of course, that unlike a commercial 
company, the administration overheads 
resulting from scheme variations was 
absorbed, but nevertheless overspends 
never exceeded 10%.

Stock control
The range of equipment available, 
although extensive, was carefully 
restricted. For example, the use of the 
BR930 relay range was limited to a 
handful of different types. All equipment 
purchased was subject to a competitive 
process. Surplus equipment from one 
scheme could easily be allocated to 
a following project, and so waste was 
kept to a minimum. 

Project control
Much of the success of the 
modernisation programme lay in the 
strong leadership of the head of major 
new works, based at Reading, who 
reported directly to the chief S&T 
engineer (CS&TE).  

This man (it was always a man) was the 
total autocrat and difficult to please. 
His policy of ‘delegation without 
abdication’ resulted in a focused and 
motivated team, and the impossible 
became possible when working for him. 
Punishment by flogging was seen as 
preferable to admitting failure!

The new works department sought to 
have three major projects in progress at 
any one time – one at the initial design 
phase, one at the late design stage and 
one in the final implementation stage. 
This broadly meant the introduction 
of at least one new major signal box 
(or equivalent), each year from 1959 
onwards. Peaks and troughs in the 
workload were avoided wherever 
possible by careful planning.

Lack of innovation
A valid criticism of the WR approach was 
sometimes made in respect of its rigid 
nature, namely that it did not readily 

embrace innovation. However, the 
corporate view was that there was no 
time or money available for developing 
new ideas, and that the advantages 
of sticking to the rules outweighed all 
other considerations. Many of us who 
were involved at the time did have some 
reservations about this.

Thus, for example, the WR stayed with 
an inflexible design of lineside cupboard, 
which did not lend it itself to rear 
access and which therefore made the 
use of plug-in relays on site a clumsy 
operation. Another example was the 
reluctance to adopt cable trunking 
on relay racks, making subsequent 
alterations more difficult. There were 
many such considerations and it has 
to be said that new ideas involving 
changes to established practices were 
not encouraged –”if it works, don’t 
try to fix it”.

Automatic route setting 
Despite the generally conservative nature 
of the WR S&T department, innovation 
was not excluded entirely. The first use 
of automatic route-setting and train-
operated route release was successfully 
introduced in part of the Reading signal 
box installation, in 1965. The intention at 
the time was to extend this to a form of 
Automatic Route Setting (ARS) which was 
to be driven by the Train Describer (TD), 
and indeed all the circuit design for this 
had been prepared. Lack of confidence 
in the reliability of the TD eventually 
resulted in a policy decision which 
cancelled these aspirations and banned 
such attempts for the future.

Undoubtedly this was the right 
decision at the time, but it was a major 
disappointment to those who saw ARS 
as the way forward, particularly as the 
interlocking design could absorb this 
feature in a straightforward manner.

Alterations
Major signalling schemes have a long 
period of gestation, usually 3-4 years 
from conception to birth. By this time, 
the original traffic pattern may have 
changed, or other factors have emerged, 
which require alterations to the newly-
commissioned project. In fact the WR 
spent typically 25% of the original cost 
of every scheme altering the signalling 
arrangements within a few years of their 
introduction. This seemed to be the 
general way of life, and is still very evident 
on today’s railways.

There is no such thing as an easy 
alteration and it is probably as difficult to 
alter a WR interlocking as any other. The 
fact that every installation was designed 
in a similar manner, supported by an 
experienced and knowledgeable design 

office, did at least mitigate some of the 
problems experienced elsewhere.

Testing
The WR developed testing procedures 
which served it well. Recognising that 
experienced staff are always in short 
supply, the testing programme for 
each job was broken down to reflect 
the different levels of testing skill 
required. Thus routine activities such 
as wire-counting, panel indication 
correspondence checking and continuity 
testing were allocated to appropriately 
trained staff, and the actual functional 
testing would be carried out by more 
senior and experienced staff. Incidentally, 
functional testing was required to be 
done without reference to the control 
tables. The testing thus acted as a final 
check of the control table. 

In-service experience
Many years of satisfactory experience 
of the systems in service justified the 
WR’s original policies and designs, 
certainly in respect of its interlocking 
equipment. As elsewhere, problems 
arose on the trackside with track circuit 
connections, point detection and so 
on, but problems inside the relay rooms 
were infrequent. By contrast, the TD was 
a source of regular complaints, and was 
time-consuming to maintain. We had 
also underestimated the maintenance 
requirements of the control panel itself, 
which required regular attention.  

The arguments
There was continuing debate from the 
outset regarding the WR approach.

There was pressure from other Regions 
who resented the WR’s individual 
approach, perceived as a perpetuation 
of the GWR tradition of independence. 
There was also pressure from the British 
Railways Board, who felt they had lost 
control (forgetting of course that the 
Regional organisation owed responsibility 
firstly to its General Manager!).

There was pressure from the contractors, 
who saw the WR as a lost opportunity 
and didn’t see why they should be 
excluded by what was perceived as a 
trade barrier. This gained momentum 
with the formation of ML Engineering in 
c1962 in Plymouth, which appeared to 
have an exclusive arrangement with the 
WR for supplying design and installation 
labour support.

The contracting issue was finally resolved 
by requiring the WR to demonstrate 
in 1968 that their way was cheaper, in 
competition with the suppliers – which 
they did conclusively.
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In reality, any signalling scheme could 
be broken down into three main areas of 
cost, only one of which was the province 
of a contractor, representing about one-
third of the total.

a) The new signalling element – which 
was clearly capable of being let as a 
‘supply & install’ contract, to one of 
the main contractors.

b) The cabling element – which would 
only be sub-contracted at extra cost 
by the main contractor (who was not 
a cable supplier).

c) Other work which would be done 
by the region anyway – buildings, 
telecommunications, public address, 
stage-works on existing signalling, 
disposal of redundant material 
and buildings etc.

Only the first of these was subject 
to competition.

First in the field
Despite the references in this article to 
the conservative nature of GWR/WR, it 
could claim a number of ‘firsts’, including:

 ∞ Release of starting signals by the 
block instrument at ‘Line Clear’ (but 
never developed beyond the simple 
release) (c1900).

 ∞ Proving of the ‘distant’ signal in the 
block control (c1900).

 ∞ ATC/AWS (1906)

 ∞ Route-setting system (1923)

 ∞ 3-aspect UQ semaphore signalling 
(Paddington E&C lines)

 ∞ Mosaic signalling panel (1959)

 ∞ Alpha-numeric TD (1958)

 ∞ Remote control of a London 
terminal station (Paddington from 
Old Oak) (1967)

 ∞ Train-operated route release and 
auto-route setting (Reading SR 1965)

Lessons which might be learned 
from WR approach
The WR did not get everything right, 
but its distinctive approach did offer 
some insights which might well be 
borne in mind today:

1. A supply and install contract is not the 
only way to do things.

2. It is important to exploit the resources 
already available to an organisation.

3. Self-sufficiency produces an 
established knowledge base.

4. Standardisation and tight control of 
standards brings benefits in time, 
costs, training and staff knowledge.

5. Strong leadership inspires a team.

6. Direct control over every aspect 
of a project reduces cost and 
timescale overruns.

The ‘Total Train Movement’ 
concept
The GWR’s commitment to the “total 
train movement” concept (route setting) 
in the 1920s was highly controversial 
in its day and IRSE papers in 1927 and 
1931 produced some robust discussions. 
The very idea that points could be left 
in the position last operated and that 
the signaller did not actually need point 
levers except for test purposes, was an 
anathema to some people and hotly 
debated as a heresy.

In the early 1900s, the French had 
produced a type of route-setting 
signal box, with the specific objective 
of reducing the physical size of some 
of their very large frames. This was 
achieved quite dramatically in places, 
using multi-position switches for the 
control of signals. The GWR’s separate 
development of the route-setting system 
in the 1920s produced a slicker and more 
ergonomic system for the operator, but 
the reduction in numbers of levers was 
not a priority.

Colour-light signals had only been in 
use since 1920, and the signalling at 
Newport was essentially semaphore with 
motor operation of signals and discs, 
and the interlocking was mechanical. 
The installations were therefore 
expensive (nearly twice the cost of a 
conventional equivalent). The type of 
‘shadow’ illuminated diagram used was 
also expensive. Had colour-light signals 
and electrical interlocking been used – a 
very novel idea in the 1920s – no doubt 
the costs could have been reduced 
significantly and the practice would 
then have been repeated elsewhere. 
The nearest modern equivalent did not 
appear until the York OCS (one control 
switch) panel opened in 1951. The 
Newport boxes gave excellent service 
over the years until they were replaced by 
Newport Panel in 1962.

The counter-condition – 
something not to be forgotten
The average young engineer tends 
to be somewhat dismissive of 
anything invented more than a few 
years ago. I met one recently who 
considered mechanical locking only 
suitable for a museum.

Such technology should not be lightly 
dismissed, however, because there 
are some things more easily done 
mechanically than by other means. For 
example: If it is a requirement that lever 
1 locks lever 2 when 3 is in the normal 
position, it is not difficult to guess that 
lever 2 also locks lever 1, when 3 is 
normal. It is simply the converse.

Further, if lever 3 is reverse, then levers 
1 and 2 will be free and can be operated 
together. If lever 3 is reverse and levers 
1 and 2 are also reverse, then lever 3 will 
be locked in the reverse position. This is 
the counter-condition and is important 
– without it, the original locking 
can be defeated.

In mechanical locking, all this comes as a 
package in one operation!

This is not so in electrical design. To 
achieve this electrically, each control 
must be applied individually. The 
challenge for the designer is that the 
first two steps are easy to remember, but 
the counter-condition is easy to forget. 
Without it, there is a wrong-side failure – 
which can be career limiting.

In recent years, in Britain at least, there 
has been a preoccupation apparent in 
modern control tables with something 
called ‘a swinging overlap’, a name 
which disguises the real nature of what 
is required. The first priority is always to 
apply the counter-conditional locking 
which may be required in the overlap at 
a signal reading over a facing point. Any 
special route-setting applied is simply an 
aid to the signaller – the ability to swing 
a pair of facing points when they are 
actually locked by a counter-condition 
(it represents in fact, a release of some 
essential locking for a brief period). 
It is fairly unusual to find ‘swinging 
overlap’ controls on the WR route-relay 
systems but the ‘counter-condition’ will 
certainly be there.

For more information about the 
preservation of Swindon Panel visit 
www.swindonpanel.org.uk. There 
was also an article about the project in 
IRSE News 219 of February 2016 which 
can be found at irse.info/kugid.

What do you think?
Do we make the mistake of not learning from past experience – good and bad? 
Have you had experience of working on projects where current best practice 
has not been informed by previous schemes, and where time and money has 
been wasted as a result? Or do you believe that times have moved on, and that 
different approaches need to be taken if we are to meet our stakeholders’ needs?
We’d love to hear from you, write to irsenews@irse.org.

http://www.swindonpanel.org.uk
http://irse.info/kugid
mailto:irsenews%40irse.org?subject=
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Industry news

China: The rapid expansion of China’s 
high-speed rail network has gone hand-
in-hand with the development of the 
Chinese Train Control System (CTCS). 
Dr Mo Zhisong, director of the signalling 
division at China Railway Corporation, has 
confirmed that development is underway 
of a new train control system based on 
CTCS but using artificial intelligence.

CTCS levels 2 and 3 have been optimised 
and developed and is the backbone of 
China’s high-speed rail network. The 
future development of China’s railway 
signal system will focus on intelligence, 
integration, standardisation, and 
openness in the next few years. 

Future CTCS development

In 2017, China Railway Corporation (CRC) 
achieved a 9.6% increase in traffic to 3.38 
billion journeys, seven-times the number 
of journeys by air transport. By the end of 
2017, China’s total high-speed network 
accounted for about two-thirds of the 
total global mileage.

All Chinese high-speed lines are 
equipped with CTCS. Level 2 is mainly 
used on 200-250km/h lines, while 
Level 3 is mainly applied to lines 
with higher speeds.

Level 2 uses track circuits to provide 
continuous movement authority, 
while Level 3 uses GSM-R to provide 
continuous movement authority through 
a Radio Block Centre (RBC) and bi-
directional information transmission.

CTCS Level 3+ATO is planned to 
be operational on the new Beijing - 
Zhangjiakou high-speed line in time for 
the Beijing Winter Olympics in 2022.

An artificial intelligence based high-
speed train control system is also being 
developed including intelligent dynamic 
dispatching, coordinated control, transfer 
dispatching, and failure diagnosis. 

RailBAM 
Rail Bearing Acoustic Monitor 
identifies bearing defects 
acoustically, enabling preventative 
maintenance to be undertaken.

WCM 
Wheel Condition Monitor identifies 
unsafe loads and poor wheel tread 
condition and generates alarms when 
customer thresholds are exceeded.

Global product and software solutions for the rail industry

Condition Monitoring Systems

Reduce the cost of rolling stock maintenance
BGM 
The Bogie Geometry Monitor 
enables bogie hunting and poor 
angle-of-attack to be identified 
and reported.

BIM 
Brake Inspection Monitor reports 
brake consumable wear rates allowing 
maintenance to be scheduled 
efficiently and material use optimised.

WPM 
Wheel Profile Monitor records 
service critical wheel dimensions 
and generates alarms when 
exceedances are reported.

Track IQ has a global reputation for being specialist manufacturers, suppliers and maintainers of wayside 
condition monitoring equipment and data management systems to the rail industry. Track IQ’s complimentary 
systems provide a holistic view of rolling stock and their relative health and safety. The powerful and 
customisable FleetONE database and visualisation tool presents, prioritises, alarms and reports to meet each 
customer’s specific requirements, driving down the cost of rolling stock maintenance, whilst increasing safety.

tiqtrackiqinfo@wabtec.com    trackiq.com.au    wabtec.com
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CAFEO 36 conference to be held 
in Singapore

The 36th Conference of The Asean 
Federation of Engineering Organisations 
(CAFEO 36) will be held at Resorts World 
Sentosa Convention Centre, Singapore 
12-14 November 2018.

CAFEO 36 will feature two engineering 
conferences, two technical visits, a 
2-day exhibition, three post-conference 
workshops, a Welcome Dinner and a 
Farewell Banquet. The conference will be 
officiated by the deputy prime minister 
Mr Teo Chee Hean, and senior minister of 
state Dr Lam Pin Min will be attending the 
Singapore Rail Technology Conference as 
Guest-of-Honour.

The impact of big data, data analytics, 
IoT in rail transport, smart technologies 
in maintenance & operation, latest 
CBTC & automation, rail whole-life 
cycle management and ASEAN Country 
Updates, are amongst the topics. 
Practical solutions and success stories 
from more than 10 case studies from 
Singapore, Indonesia, Taiwan, Australia, 
UK, France, will also feature.

Key exhibitors and sponsors include 
SMRT, Bentley Systems, Arup, Mitsubishi 
Electric, Mun Hean, amongst others.

Please visit the website for further 
updates and details of registration with 
the reduced fee of SGD 590 (£140, €158) 
for IRSE members under ‘Member of 
Supporting Organisation’ at  
www.cafeo36.com using the unique 
member code CAFEO36-IRSE. 

http://www.cafeo36.com
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Level Crossing collision – 
lessons to be learnt

UK: At around 05:50 hrs on 11 January 
2018, a car collided with the rear-most 
wagon of a stationary freight train at 
Stainforth Road Automatic Half-Barrier 
level crossing, near Doncaster, England. 
The crossing’s warning equipment was 
not operating and its half- barriers were 
raised when the car approached and 
entered the crossing. As a result of the 
accident, the driver of the car suffered 
scratches and bruises but their car was 
damaged beyond economic repair. 

The train was at a stand because 
its brakes had been applied by the 
locomotive’s vigilance device. This 
occurred because the driver of the train 
did not respond to the device’s audible 
alarm in the time period permitted, 
probably due to the high level of ambient 
noise in the locomotive’s cab. The car 
driver was not alerted to the presence 
of the train by the crossing’s warning 
devices because the design of the level 
crossing’s control circuits had permitted 
it to re-open to road traffic while it was 
still occupied by the train. The car driver 
did not see the wagon with enough time 
to take effective avoiding action, given 
her speed of approach. This was because 
the train was unlit and unreflective and 
also because there was no ambient light 
near the crossing. 

The crossing’s control circuits dated back 
to its original installation in 1974. The 
control circuits had not been modified 
to incorporate later features which 
prove that trains are clear of a crossing 
before it re-opens. This was because a 
retrospective modification of this type 
was not mandated by relevant standards 
and guidance, and also because the 
crossing’s circuits had not required 
modification during the life of the 
crossing for other reasons. The crossing 
had not been renewed or replaced prior 
to the accident, because Network Rail 
had assessed it as still having useful 
working life left. 

The level crossing risk assessment 
process used by Network Rail did 
not identify and address the risk of 
the original design of control circuit 
remaining in service without it having 
later design features intended to 
improve safety. The Rail Accident 
Investigation Branch (RAIB) has made 
two recommendations. The first relates 
to an assessment of the risk at other level 
crossings where there is the possibility 
of it re-opening to road users with a 
train still present on the crossing and 
the development and implementation of 
mitigation measures, where appropriate, 

to address this risk. The second 
recommendation concerns the revision 
of the current standard relating to the 
design of new remotely monitored 
level crossings so that this requires 
them not to open to road users while a 
train is present.

The general requirement not to 
retrospectively implement standards 
can often lead to a culture of ‘we don’t 
need to do anything’ when ethically the 
correct thing to do is a proper balanced 
risk assessment to demonstrate that 
the situation is ALARP. Having historical 
knowledge of the infrastructure and 
accurate asset data can be another 
challenge but is essential to manage risk. 

In-depth investigation in 
Siemens Alstom merger

Europe: The European Commission 
(EC) has launched an “in-depth” 
investigation into the merger of Siemens 
mobility and Alstom amid concerns 
that the combination may adversely 
affect competition in the signalling and 
rolling stock markets.

The EC says fears the transaction could 
lead to “higher prices, less choice 
and less innovation due to reduced 
competitive pressure in rolling stock and 
signalling tenders.”

The decision to launch an investigation 
follows a study into the potential 
impact of the merger both within the 
European Economic Area (EEA) and 
globally (excluding China, Japan and 
Korea). In both the signalling and rolling 
stock sectors, the commission argues 
that the merger would create an entity 
much larger than its nearest rivals and 
remove “a very strong competitor” 
from the market.

Furthermore, the EC has found that the 
entry of significant new competitors 
into the EEA rolling stock and signalling 
markets, including Chinese suppliers, 
appears “unlikely” to occur in the 
foreseeable future.

The Commission has until 21 November 
to decide whether the merger is 
likely to have a detrimental impact 
on competition. 

Britain’s rail regulator, the Office of Rail 
and Road (ORR), has welcomed the 
opening of the investigation and believes 
the combined resources of two of the 
largest rail industry suppliers in the world 
would “have a significant detrimental 
impact on competition in important 
British rail markets”. “The subsequent lack 
of competition could lead to significantly 
higher costs”, said the ORR, “impacting 
negatively on passengers and taxpayers”.

5G investment

UK: The Department for Culture, Media 
and Sport has revealed how some of 
its £1 billion (€1.1 billion, $1.3 billion) 
investment in a national programme of 
5G testbed facilities and trials has been 
allocated so far.

£200 million (€224 million, $258 million) 
has been invested in the 5G Testbeds and 
Trials Programme to date. This includes a 
5G mapping project being developed in 
conjunction with the national mapping 
agency Ordnance Survey.

£16 million (€18 million, $21 million) has 
been allocated towards creating the 
5GUK Test Network, which is being run 
by three 5G research institutions in the 
UK - the 5G Innovation Centre (5GIC) at 
the University of Surrey, the University of 
Bristol and King’s College London. 

To ensure that 5G can be used to support 
the transport sector investment includes 
allocations to projects covering roads, rail 
and 5G security.

£35 million (€39 million, $45 million) 
has been allocated to exploring ways 
to improve mobile communications for 
rail passengers. This is being used to 
upgrade the Network Rail test track in 
Melton Mowbray, Leicestershire; to install 
trackside infrastructure along part of the 
Trans Pennine route; and, to support the 
rollout of full-fibre and 5G networks. 
£10 million (€12 million, $13 million) has 
also been allocated to the National Cyber 
Security Centre to test the security of 5G 
networks in various scenarios.

GSM-R train radio upgrade

UK: A milestone has been reached) 
towards rollout of an updated GB voice 
radio which will deliver greater immunity 
to interference from 4G/LTE public 
networks and additional functionality, 
including GPS, accelerometers and LTE. 
The update of the mobile, to be called 
version NR4.0 after operational trialling, 
will involve the replacement of the 
existing radio unit and the inclusion of a 
GPS incorporated GSM-R antenna plus 
installation of a new LTE antenna.

AEGIS Certification Services (ACS) has 
carried out the Notified Body conformity 
assessment for Siemens Mobility Limited, 
and has verified compliance of the 
Interoperability Constituent with the 
relevant requirements of the current 
Control-Command and Signalling TSI 
((EU) 2016/919) and EIRENE specifications 
(FRS 8.0.0 and SRS 16.0.0).
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News from the IRSE

It’s been an engaging and stimulating first few months 
working in my new role as CEO for the Institution. I 
have to say that I have been made to feel very welcome 
and it’s been a pleasure to get to know the staff at the 
London office, the Institution’s committee and council 
members and begin to work alongside them. 

I look forward to meeting more of you in the near future at 
events and meetings. It’s most gratifying to get down to work 
continuing to enrich existing member experience and attracting 
more members to our ranks all around the globe. Here in 
London, autumn is indeed upon us; the winds are changing and 
all the more positively for the IRSE.

Presidential Programme: The Winds of Change – 
Technical Meetings
The next Presidential Technical Meeting event will take place 
in Zurich on 26 Oct 2018. This is the third of the events 
that will be live-streamed and in fact features two technical 
papers: (1) How to innovate on the railway; (2) The location 
and control of railway assets in SmartRail 4.0. The first paper 
considers the basic mechanisms of innovation in the train 
control and communications field and explores its potential 
future. The second gives an outline of the core principles of 
the Smartrail 4.0 project of SBB, which aims at fundamentally 
changing train control. These two papers are to be presented by 
Professor U Weidmann (Swiss Federal Institute of Technology) 
and by Vice President Steffen Schmidt, Program Manager 
for Swiss Federal Railways. For full details on the Presidential 
programme for 2018/19 please visit the IRSE website under the 
Events tab at irse.info/ky93e. 

IRSE Exams
The IRSE Exams will take place on Saturday 6 October (Friday 5 
in Australia) 2018. There will be 157 candidates sitting exams in 
16 centres around the globe this year, extending from Swindon 
and Secunderabad to Sydney! In addition, there are two new 
exam centres this year in Canada and South Africa. I’m sure you 
would like to join me in wishing all of our candidates the very 
best of luck for the exam and with their future careers. For more 
information on IRSE examinations please visit our website under 
the Membership tab at irse.info/irseexam.

CBTC Reminder
The next CBTC and Beyond conference will take place on 
29 - 30 November 2018. The Conference takes place at 
Fairmont Royal York Hotel, in the centre of Toronto. Bookings 
for this conference have consistently sold out every year. 
My advice is that you book as soon as possible to avoid 
disappointment. Registration opened on the 3 September and 
an early-bird rate is offered until 26 October 2018. Please note 
that the cut-off date for submissions of papers for this event 
has now passed. I would like to personally express my gratitude 

Blane Judd, Chief Executive

on your behalf to the sponsors of this event Alstom (Platinum), 
Gannett Fleming (Platinum) Hatch (Gold) and CBTC Solutions 
and Green Aspects (Joint Gold) for their most valued support. 
More detailed information about the conference can be located 
on the IRSE’s website under the Events tab at irse.info/xi5dq.

Local Sections’ Webpages
I encourage you to keep abreast of all of the local IRSE events 
that are going on in your area. Events in chronological order 
can be accessed at the website at under the ‘Events’ tab at 
irse.info/events. Should you wish to contact a local section 
secretary or organiser directly, details of their email contact are 
also available online under each individual local section’s entry. 
The local sections’ main menu may be found under the menu 
option Near You and at irse.info/nearyou.

Younger Members’ Annual Seminar and Technical Visit
Communications are playing a larger role in railway signalling 
and in how stations and other facilities function as they attempt 
to transport passengers and freight as safely and efficiently 
as possible. So, this year the IRSE’s Younger Members will be 
hosting their annual seminar on the theme of Communications. 
This free-of-charge event will take place over two days. Day 
one, on 1 November 2018 will be held at the National College 
of High Speed Rail, Birmingham, UK. Day two is a technical 
visit on Friday 2 November 2018 to Birmingham power signal 
box and New Street Station Control Room. More information 
can be found under the Events tab on the IRSE website and at 
irse.info/2sc7i.

IRSE Scottish Section Annual Dinner
The Scottish Section will be holding their Annual Dinner on 
the usual second Thursday of November. This year’s event, 
on Thursday 8 November, will take place at the Marriott Hotel 
on Argyle Street, Glasgow, where about 300 members and 
guests are expected to enjoy an evening of good company and 
thoughtful discussion.

Open table tickets are remarkably good value at £25 for 
members and can be obtained by contacting Peter Allan 
(peter.allan@siemens.com). Different prices apply for Younger 
Members and for non-member guests. Full tables can be 
ordered for corporate hosts and, again, please contact Peter for 
details and pricing structure.

Engineering Council Registration
As a Professional Engineering Institution of the Engineering 
Council, the IRSE can register suitably qualified members 
in the grades of Chartered Engineer (CEng), Incorporated 
Engineer (IEng) and Engineering Technician (EngTech). The 
requirements for each of these registration levels are laid down 
in the Engineering Council’s standard, UK-SPEC (UK Standard 
for Professional Engineering Competence). The team at the 

http://irse.info/ky93e
http://irse.info/irseexam
http://irse.info/xi5dq
http://irse.info/events
http://irse.info/nearyou
http://irse.info/2sc7i
mailto:peter.allan%40siemens.com?subject=
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As we hope you have noticed, we, the officers, staff 
and members have done a great deal of work to 
internationalise and professionalise your Institution in 
the past few years. 

Many new IRSE Sections have been established, IRSE News 
has evolved and is a well-respected source of cutting edge 
knowledge and experience, and we have improved the esteem 
in which the IRSE is held by the wider rail industry. This is 
particularly beneficial to all of you engaged in or associated with 
railway signalling and telecommunications, train control, traffic 
management and allied professions. 

By extending our presence on social media, your work and your 
profession is becoming more widely known and understood. 
As a new service, designed to help you engage more easily 
with your Institution, live streaming of Presidential Papers 
commenced earlier this year. As a member you can now attend 
and interact not only by attending in person, but also by logging 
in anywhere in the world. The work to provide a more modern 
appearance through the relaunch of the website, available 
within the next year, will also provide additional benefits.

I, as your President, together with the IRSE’s Management 
Committee believe that many more people could benefit from 
these enhancements by becoming members of the IRSE. To 
meet our aspiration to encourage more professionals to join 
the IRSE community, we will be working to support you to 
communicate these benefits through:

 ∞ Individual member conversations.

 ∞ Local Section recruitment events.

 ∞ Employer engagement and events.

 ∞ The Younger Members Section recruitment events.

So, we are asking you to share with your colleagues and 
friends the membership benefits and improvements that you 
have experienced. Encourage them to be a part of the IRSE 

Members win with new  
member recruitment
Markus Montigel, President

engineering community by joining as a member. Of particular 
importance is helping new entrants to the rail sector to 
appreciate how, by engaging with like-minded professionals, 
they can develop their skills, knowledge and career. As the 
Institution grows, so does our ability to utilise the expertise 
within it to do more and to grow from strength to strength.

Our goal is to create a measurable increase in membership 
between now and April 2019!

Some suggestions:

 ∞ Use the membership flyer available from the website to 
support you in your dialogue with prospective members.

 ∞ Share recent issues of IRSE News, highlighting the quality of 
the articles it contains.

 ∞ Tell them about events that the IRSE offers.

 ∞ Help prospective members to complete an application form. 
Why not do this during lunch or over a coffee?

 ∞ Signpost the website and when it is ready, use the new 
website to show the breadth of information available to 
railway control and communications professionals.

There will be a prize for the most successful recruitment 
campaigns, the winners to be announced at the 
AGM in April 2019.

We know you value your IRSE membership. Please help us to 
carry that message to others.

IRSE London office are always ready and willing to support 
individuals from around the globe who wish to enhance 
their professional standing by becoming part of the growing 
number of registrants. There are opportunities for all grades 
of technician and engineer. There are also routes for those 
who do not hold the traditional qualifications (referred to as 
exemplifying qualifications in UK-SPEC). If you are interested in 
finding out more, start by looking at the guidance document 
available from the Engineering Council Registration section 
under the Membership tab on the website, irse.info/don48.

Your Annual Subscription 
We hope that you consider your membership of the IRSE 
as an important part of your professional career. The letters 
after your name are an indication to clients, customers and 
colleagues that you commit to the high standards expected of 
people working in our sector. In order to continue to receive 
communications from the Institution beyond this month you 

will need to make sure that you have paid your subscription 
which fell due in July. If you have not yet renewed your 
subscription you can do it by logging into the IRSE website and 
navigating to the Manage your Record page under the Home 
tab. You can also find full details of our subscription rates under 
the Membership tab at irse.info/rvpbe.

Christmas closure
Please make a diary note that the IRSE Offices in Westminster, 
London, will close this year on Friday 21 December 2018 and 
will not re-open again until Wednesday 2 January 2019. 

Feedback
Please remember that your feedback and views on the IRSE 
News are extremely important to ensure that this magazine 
continues to deliver the information that you want to read 
about. Please email us with your comments and views 
at hq@irse.org.

http://irse.info/don48
http://irse.info/rvpbe
mailto:hq%40irse.org?subject=
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Irish Section

Golf social
Michael Murphy

To combat drought conditions, organise a 
golf outing! After three or four wonderful 
weeks of sunshine the second IRSE Irish 
Section Golf Social on Wednesday 11 
July 2018 was greeted with a morning 
of rain. The brave and the hardy were 
prepared to confront the elements for 
a second year and at least try and get 
past the 10 holes that had been played 
the previous year. This year’s course 
was the delightful Mannan Castle Golf 
Club, Carrickmacross, Co. Monaghan, 
a mature parkland course located in 
Monaghan’s famous Drumlin terrain and 
setting a challenging encounter for the 
signalling fraternity. 

Thankfully by the time the draw 
was made and the golf bags loaded 
the rains had disappeared and the 
afternoon was clear.

Using a multiple tee start system the 
round kicked off at 13:30 from the first, 
fifth and eighteen. Whilst the majority 
of the group had the knowledge and 
experience to pass the IRSE exams the 
same prowess was not always evident 
on the golf course. The individuals shall 
remain nameless, but some players 
quickly ran out of golf balls while others 
used perimeter fencing in novel and 
imaginative ways to keep their ball in play. 
To be fair, this was more a reflection on 

the challenges of the course than the 
standard of play throughout the day.

Following a well-deserved meal and the 
working out of a complicated scoring 
system that only a signalling engineer 
could dream up, the scores were in and 
the prize-giving could commence. The 
IRSE Irish Section would like to thank all 
those who took part, members, visiting 
members and prospective members, in 
a wonderful afternoon’s social event and 
look forward to many more such events 
over the coming years. Particular thanks 
are due to the staff at Mannan Castle and 
to the RIVVAL signalling company who 
facilitated many of the arrangements.

Left, the winning team were Derek O’Mahony, Mike Murphy and Paul McGrory (not pictured).
Right, the Chairman, Sean Burns with Des Cathcart and Michael Murphy.

More than ‘just’ technical lectures and seminars
The IRSE aims to be a true home for railway signalling 
and telecommunications engineers, not just organising 
technical lectures, seminars and visits – even though 
they’re an essential and enjoyable part of ensuring that we 
inform, discuss, develop – but also finding others ways that 
let our members network in an informal way. 

The Irish Section golf social is a great example of this. 
Why not find out what your local IRSE Section is up to in 
the coming year.?

Visit www.irse.org for more information on our local 
Sections around the World.

The missing link
Ever spotted the ‘irse.info’ links in IRSE News and 
wondered what they are?

They are web links to articles and pages on the internet, 
just click on the link if you’re reading the electronic version, 
or type the address into your web browser – you don’t 
normally even need to put a ‘www’ in front of the link.

Using our own link shortener allows us to greatly simplify 
web links, but also lets us track which links are most useful 
to our readers. We can also adjust the links if they change, 
functionality that isn’t available with commercial systems 
like bit.ly or tinyurl.

http://www.irse.org
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London & South Eastern Section

Visit to London Transport Museum, Acton
Paul Baker

On the evening of Tuesday 3 July 
and with the kind permission of 
the London Transport (LT) Museum 
Depot – Acton, 17 members and 
guests of the IRSE London South 
East Section were able to enjoy 
a personally guided visit to the 
collection of vehicles, equipment 
and memorabilia that represent the 
history of London Transport from its 
origins through to recent days. 

The Museum is part of the larger London 
Transport Museum collection primarily 
represented by the museum at Covent 
Garden in London but gives a more 
‘behind the scenes’ view of the history.

Specifically, the attendees were able 
to have a close up explanation and 
demonstration of the cab and traction 
equipment that formed part of London’s, 
if not the world’s, first automatic railway, 
the Victoria Line, which opened 50 
years ago in September of this year. 
The LT team was led by Ian Arthurton, 
former Passenger Services Director, and 

members of the team that had re-created 
the demonstration of the equipment 
operation that is normally hidden from 
view in the drivers’ cab, under the car 
body frame and seats. 

The interaction of the train control 
system with the way the signalling system 
transmitted information to the train to 
respond to commands was a topic of 
great conversation and many expressed a 
great wish that one day the whole system 
might be available to show the engineers 
of tomorrow what ground breaking 
technology the Victoria Line was, and 
what a great monument it was to the 
vision of the engineers of the day. With 
the upgrade of the Victoria Line in the 
last 10 years along with a new signalling 
system, and now worldwide introduction 
of ATO and driverless railways, what 
came before it could soon be forgotten 
and so this is a facility worthy of seeing.

One of the many interesting features 
of the original Victoria control system 
was that the safety functions of the 

control were physically separated from 
the train ‘driving’ functions. During 
the life of the stock, the unit doing the 
driving, the ‘Autodriver Box’ was changed 
four times (getting smaller each time!) 
whereas the original safety unit, the 
‘Safety Box’, remained until the stock was 
removed from service.

Alongside the demonstration the 
building holds a great collection of 
items representing the development of 
London’s transport system, with signal 
lever frames, destination indicators, 
complete four car tube sets, individual 
carriages, engineering locomotive, 
buses and the many artefacts that make 
up a transport operation for a city, 
from bus stops, through bus shelters 
to ticket machines to signage and 
sectioned bus engines.

The museum is open at regular intervals 
and is well worth a visit, and allow plenty 
of time! Information is available from the 
website at irse.info/lvsiz.

The original Victoria Line Autodriver (above) sat under a passenger seat 
in the saloon, and was a masterpiece of 1960s electronics as seen in 
the detail shot of the unit in the museum (top left). Later versions of 
the autodriver are shown in the photo on the left.
Original 1968 photo Westinghouse archive.

http://irse.info/lvsiz
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Younger Members Section

IRSE Exam module 1 and 7 workshop
Dhanya Srivathsan and Michael Bastow

On Saturday 7 July 2018 a selection 
of studious signalling and telecoms 
engineers resisted the temptations of 
the fine weather and England’s World 
Cup quarter-final against Sweden 
to participate in an IRSE Exam study 
workshop hosted at Atkins (a member 
of the SNC-Lavalin Group) offices in 
Birmingham, UK. 

The workshop focussed on two 
modules: Safety of Railway Signalling 
and Communications (Module 1) 
and Systems, Management and 
Engineering (Module 7). 

This year the event offered two streams, 
the green stream was for the people 
committed to taking the exam this 
year, the blue stream was for those that 
were considering taking the exam at 
some point in the future. Most sessions 
throughout the day were aimed at one 
of the two different streams, but with 
some sessions discussing questions split 
between Modules 1 and 7. People were 
given the freedom to pick which of the 
parallel sessions they attended in each 
time slot. Sessions ranged from ‘rapid fire’ 
questioning and answers on key topics 
and practice under exam conditions 
for the green stream, to discussions on 

the railway as a system and a ‘systems 
thinking’ exercise for the blue stream. 

Despite the temptations of fine weather 
and football, the event was well attended 
by a wide variety of engineers from 
across the industry and enjoyed by all. 
This event is made possible each year by 
the enthusiastic and dedicated support 
of David Nicholson, professional head 
of engineering management at Atkins 
and Peter Woodbridge, principal project 
engineer at Siemens. The Younger 
Members are extremely grateful to David 
and Peter and for the kind support of 
SNC-Lavalin’s Atkins business. 

David Nicholson starts the day with an introduction session. Attendees concentrating!

Peter Woodbridge reviews previous results. Hard at work.
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Past lives: Robin Nelson

Robin was a gem of a man. Born 
in Falkirk in 1938 and receiving 
his early education there and 
George Watson’s College 
Edinburgh, he completed his 
education at Glasgow University, 
graduating BSc in Mechanical and 
Electrical Engineering. 

The family home next to the railway at 
Falkirk High stirred his interest in trains. 
It was not unknown for Robin to travel 
home from school on the footplate, or 
find him in Falkirk High signal box. 

He started his railway career in 1960 as a 
graduate trainee and was subsequently 
appointed district inspector, Dumfries, 
moving there with his new wife Jessie. 
Robin took the position of resident 
Engineer, Glasgow, moving to Linlithgow 
and later they celebrated the births of 
their sons, Robin and Richard. 

During 1967, he commissioned a 
Westinghouse NX panel in Glasgow 
Central SB. When modernisation of the 
West Coast main line started Robin, as 
project officer, prepared Glasgow Central 
for electrification, before promotion to 
divisional S&T engineer, Edinburgh. 

In 1975, when appointed divisional S&T 
engineer Leeds the family moved to 
Poppleton and in 1981 he became chief 
S&T Engineer, Scottish Region, moving 
back to Troon in Scotland. In this role, 
Robin oversaw the introduction of major 
re-signalling schemes and also directed 
the conversion of the ageing regional 
telephone exchanges to digital operation. 

Robin had a role to play in the 
introduction of radio electronic token 
block (RETB) on the line between 
Dingwall and Kyle of Lochalsh. This 
was the first use of both RETB and 
SSI (solid state interlocking) when 
commissioned in 1984. 

He oversaw electrification and 
resignalling of the lines from Paisley to 
Ayr and Largs 1985 and in 1987 Inverness 
became the first conventional SSI 
scheme in Scotland. Between 1989 and 
1992, a new Signalling Centre at Yoker, 
became Scotland’s first IECC (integrated 
electronic control centre). 

Robin’s passion for learning was evident 
throughout his career and in providing a 
new training school in 1986, he ensured 

high quality training for staff. In 1992, 
he was seconded to the Engineering 
Council to promote the concept of 
continuing professional development. 
During this time, he lobbied for the IRSE 
to become a Nominated Institution in 
the UK, enabling it to confer professional 
status on members. 

Following privatisation of British Rail, 
Robin was appointed head of train 
control & communications for Railtrack 
Safety and Standards Directorate, where 
he remained until his retirement in 1996, 
thereafter continuing for a number of 
years as a consultant working as far 
afield as Australia. 

Robin joined the IRSE as a student in 
1963, becoming a graduate in 1966, 
Fellow in 1982 and Hon Fellow in 2003. 
In October 1982, the Scottish Section of 
the IRSE was founded, with Robin as the 
first chairperson. In May 1987, the IRSE 
Convention was held there and included 
a special train to Fort William, where a 
locomotive was named ‘The Institution of 
Railway Signal Engineers’. 

In his Presidential year of 1993/4, Robin 
led a successful Convention to Florence 
with an excellent technical programme. 
His wife Jessie and he would go on 
to attend Conventions right up to this 
year until, on doctor’s orders, he had 
to withdraw at the last minute. After 
retirement, Robin continued as senior 
invigilator for the IRSE exam and to 

pass the time, he would attempt all the 
questions himself. 

He was very conscious of the history of 
railways and encouraged research and 
the preservation of records, participating 
in a comprehensive collection held in 
the archives of the Scottish Railway 
Preservation Society. 

He assisted the National Railway Museum 
in York in the preservation of video and 
audio records and as a trained interviewer 
for oral histories of railwaymen. He 
restored carriages for the Scottish 
Railway Preservation Society and wrote 
articles and reviewed books, giving 
many talks, often illustrated by his own 
photographs. He was a past President 
of the Railway Officers Association in 
Scotland, and later assisted the secretary 
right up to July this year. 

Robin slipped away peacefully with his 
family around him on Friday 10 August 
2018. A service in his memory was held 
in Portland Church, Troon, on Friday 
17 August. Ian Buchanan spoke of his 
career, joining in tribute with his sons. 
The church was full of friends and railway 
people, including three IRSE Presidents, 
many of whom later joined with the 
family in a day which Robin himself 
would have enjoyed. 

My thanks to colleagues and family for 
their invaluable help with this tribute.

Bert Hope

Robin Nelson (1938-2018) in Lugton signal box. Photo David Hall.
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Feedback

An old friend
Reference the picture of Francis How 
on page 37 on July/August IRSE News 
driving a steam loco. It needs to be 
recorded that you managed to get it into 
this edition with some luck! The loco 
was owned and driven by me since 1990 
at the Great Cockrow Railway (GCR) 
until 2006 when I shipped it to Australia 
where it ran on a local miniature railway 
until 2015 when I sold it to another IRSE 
member David Grant in the UK and 
shipped it back to the GCR in Chertsey. 
So it is a much travelled Loco.

Tony Howker, Australia

What about the maintenance?
It seems to me, with the advent of the 
‘Digital Railway’, the impact on the 
traditional organisation of S&T affairs, will 
need a far-reaching review right down to 
maintenance technician level. Perhaps 
this is already in hand, or has been done, 
but it is not clear, just what shape the 
organisation will emerge in the not-
too-distant future.

Clearly the separation between the S & T 
technologies will become less than ever 
before but while all this is happening, 
the rest of the network will still rely on 
traditional methods for many years. 

It is foreseeable that staffing, training, 
warehousing, recruitment and the 
location of these, must change but still 
provide for the existing systems. The fact 
that half the signalling system in future 

Re: MTA Genius Challenge
Traditionally resignalling projects are 
technically very complex. There are 
many challenges in upgrading old metros 
which are based on old technology. One 
has to understand the existing system 
and also has to know about the new 
system and how it works. If you have a 
new technology which is not yet proven 
and under development, chances are that 
a few people know about this. 

We need a right mix of domain experts 
who know the signalling philosophy 
and experts in latest innovative 
technologies. Due to the complex 
nature of the Signalling technology and 
its interfaces, it is difficult to predict all 
scenarios in advance. 

Any innovative solution implementing 
modern technologies need to take 
these things into consideration 
before deployment. If the new 
solution ‘completely’ eliminates all 
wayside equipment, then definitely it 
is a big step forward in the history of 
railway signalling.

Also it is worth noting that the main 
purpose of signalling is to ensure safety 
in train operations in normal as well as 
abnormal/degraded situations. Modern 
technologies yet to be developed and 

deployed on railway shall ensure that 
basic signalling principles are achieved 
in all situations. There should not be any 
room for this generation of engineer to 
develop a new signalling system without 
clearly understanding basic signalling 
philosophy. We must have sophisticated 
modern technologies and at the same 
time suitably skilled engineers.

Nagaraju Duggirala, India

will be based on the train, suggests 
a disabling fault has a 50% chance 
of being on a vehicle, which may be 
anywhere on the network needing 
urgent attention on site. How this is 
to be addressed is not clear – perhaps 
a helicopter will be held on standby 
somewhere, for quick access; not 
a cheap option.

It would be interesting to hear 
something of the proposals being 
considered, to handle what may 
be perceived as a significant 
problem in the future.

Michael Page, UK
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Admissions

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

Fellow

Accredited Technician

Member to Fellow
Dapré S J Network Rail UK

Dykstra D F W Network Rail UK

Andrews C Amey UK

Poonja B Siemens UK

Reinstatements

Engineering Council registrations
Congratulations to the members listed below who have achieved 
final stage registration at the following grades:

Abd Manap R Rio Tinto Australia

Adema G Alstom Netherlands

Bradley A D Thales UK

Ferguson D J Linbrooke Services UK

Gangalingaiah N WSP India

Ismail A F Mass Rapid Transit Corp Malaysia

Laureano R J R Alstom USA

Lim J Land Transportation Authority Singapore

Pantahala Venkata, S B Network Rail UK

Romano J Aecom Canada

Roy S Network Rail UK

Sebe K I PRASA South Africa

Van De Loo J J Siemens Netherlands

Woods B Woods Signalling Service Australia

Affiliate to Accredited Technician

Finlayson R Iarnród Éireann Ireland

Associate Member

Bowles G D, Dwiatmoko H, Ekhator J E, Grayston M, Mikusol S, Moser A, 

Nevasa I, Penneru S, Pentyala M, Rahajanto Y, Rigby J G, Susantono B, 

Tiruvaipati A R, Varghese P and Vivavong P.

Member
Chutakorn K Bombardier Australia

Clements A E London Underground UK

Douwstra R E Bombardier Netherlands

Furusawa Y East Japan Railway Company France

Herrero Murillas D Rail Systems Australia Australia

Hoogewoonink B Mott MacDonald Netherlands

Motumi F PRASA South Africa

Penneru V L Thales Singapore

Steiner M Ansaldo France

Sugiura K East Japan Railway Company Japan

Telfer-Williams C Mott MacDonald Australia

Windschmitt P Canadian National Railway USA

Affiliate to Member
Mak K F MTR Coproation Hong Kong

Deaths
It is with great regret that we have to report the death of members 

Peter Corser, Stanley Hall MBE, Richard Moorfield and 

Robert (Bob) Woodhead.

Current Membership: 4879

Membership changes

Affiliate
Ackland L WSP Australia

Ankhoma T T Botswana Railways Botswana

Brett R Canadian Pacific Canada

Burns C Network Rail UK

Gaodumelwe L Botswana Railways Botswana

Gordon R Network Rail UK

Grassick-Beattie R J RJG Consulting UK

Hahlani W Bombardier UK

Hoeksma H Railway Safe Netherlands

Huang Z Siemens UK

Hughes A Network Rail UK

Keelediwe K Botswana Railways Botswana

Kreuter C Frauscher USA

Jetmalani M DPTI Australia

Mgedezi V Gautrain Management Agency South Africa

Moikotlhai M L Botswana Railways Botswana

Mpebe M Botswana Railways Botswana

Paulussen R M Railway Safe Netherlands

Saolemose L T Botswana Railways Botswana

Serameng L P Botswana Railways Botswana

Thomson L Queensland Rail Australia

Thomason J Atkins UK

Kerr H R Jacobs UK

Transfers

CEng
Clarke G Network Rail UK

IEng
Turvill A Network Rail UK

EngTech
Andrews C Amey UK

Poonja B Siemens UK

Resignations
Bishop C A, Cauchi C, Coleman S D, Day K A, Dickin M D, Dobrovits P, 

Groves J C L, Heywood G P, Kichenside G M, Kneeshaw G W, Malarz Z, 

McDonald S P, Overton A K, Prior R P A, Swain D J, Tan K L, Tinsley S R, 

Vernon E L, Versloot W, Vetsch H-P, Vincent C A, Volkers H, Wheeler C G, 

Whybrow T K, Wilcox D and Young C.

Associate Member to Member 
Gupta N Atkins India

Teo K C K Rail Projects Victoria Australia

Affiliate to Associate Member
Crowther S M Ricardo UK

Kokkonda P K UGL Australia

Warshaw I M Transport for London UK

New members’ removal from database
Due to non-payment of first subscriptions the names of the members 

in the following list will be removed from the membership database: 

Avvaru L K, Kamalasuriya S J, Nazaruddin Y Y and Parkinson R.


	Ethical engineering
	News view
	Artifical intelligence in railway applications
	The ITC view on the residual risks to the Railway as at Q2 2018
	Distributed Acoustic Sensing (DAS) in the railway sector:  realising a vision
	What happened to ‘Tactical Agility’?
	Another way to modernise:  Western Region Route Relay Interlockings in the 1950s
	Industry news
	News from the IRSE
	Members win with new member recruitment
	Irish Section
	London & South Eastern Section
	Younger Members Section
	Past lives: Robin Nelson
	Feedback
	Membership changes

