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Within the last few months, I have advised the Chief Executive that it is my intention 
to stand down as the Managing Editor of this magazine within the next two years. This 
timescale will allow the Institution to identify and select my successor. The reason why 
I have come to this decision is that my life is changing in a positive manner and I now 
need more time to spend with my family, whist continuing to support and take part in 
IRSE activities and conventions. 
Having taken over as the Editor in April 2004 (issue 93), the last twelve plus years 

have been a very important and enjoyable part of my life. It has been hard work on 
many occasions, however, this hard work has produced a positive change and the 
natural development of this magazine. The magazine is very much a team effort, from 
two editors and a production manager when I started, to the very much developed, 
informed and global team that we have today.
The development of this magazine has only been achieved with the support of the 

global membership and the signalling and telecommunications industry as a whole. 
I am pleased to play a part in gaining the trust of all involved, in order to provide 
interesting and topical articles, reports and photographs of the developing technology, 
processes and resources from around the world for the membership and industry to 
learn from.
Whilst the role of the Managing Editor has evolved over a number of years, 

performing it can be intense on a day to day basis, alongside a full time job and family 
life. The next person to undertake this role must be aware that it does and will take up 
your time to complete each issue within the strict timescales and in the correct manner. 
So have you got what it takes to become the next Managing Editor? If you are 

interested, please contact me direct or the Chief Executive for an initial discussion.
The editorial team and I would like to wish season’s greetings 

to the world-wide membership, and to the signalling and 
telecommunications industry. Here’s to a successful 2017!

Ian J Allison, managing Editor

Front Cover: The IRSE’s 2016 convention to Beijing afforded 
delegates the opportunity to travel on China’s high speed rail 
network. Here a train is waiting to depart Beijing South Station. 
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ASSET MANAGEMENT

This Presidential Programme technical paper was presented 
on 9 November in London.

ProRail is the independent infrastructure manager of the Dutch 
rail network. It is purely an asset manager and has outsourced 
all executive activities, including maintenance. The role and the 
outsourcing strategy have forced ProRail to develop new skills, 
instruments, processes and procedures to manage maintenance 
and renewal. Key was the way performance is specified and 
controlled in levels depending risk. Risk management provides 
the organisation with an indispensable tool for control of 
performance and costs over the life cycle explicitly and 
coherently, and for collecting knowledge of maintenance and 
renewal issues.

Introduction
Asset management (AM) is a hot topic in the industry. There is a 
lot of talk about it, but people often have trouble in articulating 
what it is, how it is done and what is really new in the field. Cost 
reductions and performance improvement are promised, but it is 
unclear how it is realised and what the results are. This paper is a 
case study of the development of asset management by ProRail, 
the infrastructure asset manager in the Netherlands. It describes 
what ProRail considers as the essence of asset management, 
what the challenges are and what the most critical milestones 
were in its development. It reflects ProRail and the Dutch 
situation, which means that aspects that are in the domain of 
service providers are touched on to a limited extent at most. To 
be quite clear though: asset management and service provision 
are two sides of the same coin; their developments and their 
processes are linked and interact.

For ProRail it all started in the 1990s when train operations and 
railway infrastructure were separated. A pure asset management 
organisation was born, and all ground-based activities were 
outsourced in the same period.

Figure 1 – The institutional triangle.

Implementation of risk-based rail asset 
management : a case study
Ing Jan Swier
Senior advisor Asset Management ProRail BV, Utrecht, Netherlands

Changes
The EU introduced competition to the railway markets by 
separating previously monopolistic train operations and rail 
infrastructure management in order to improve performance 
and decrease costs. In 1995, Nederlandse Spoorwegen (NS) 
was the only railway company on the Dutch rail network; twenty 
years later there are more than thirty, including passenger and 
freight operators, and contractors. From the beginning the 
Dutch government has opted for a full, legal and administrative 
separation of trains and infrastructure. The business relationship 
is regulated in an institutional triangle between Government-
Operators-Infrastructure Manager, as shown in Figure 1.

 Today the triangle functions well, but only after overcoming and 
learning from an unstable and turbulent initial period. Punctuality 
dropped in the period 1995-2001 from 85% to <80% (delays of 
more than three minutes) and technical asset failures affecting 
trains grew from 5500 to more than 8000 in the same period (see 
Figure 2).

This happened because the orientation and focus of all 
infrastructure parties had to change significantly: from techniques 
to business goals, and from informal, task-oriented contacts to 
formal, result-oriented contracts. A complicating factor was the 
decision to outsource all execution activities of the infrastructure 
manager such as engineering, material supply, personnel safety, 
training and maintenance. As a consequence all associated 
knowledge and experience disappeared from the company. 
ProRail became purely an asset manager, entirely dependant on 
the quality of the service providers and of the information from 
inspections, reports and systems.

But all parties in the sector found their way up. Punctuality 
today is about 90% and has never been so high. Technical 
infrastructure failures have never been so low, with fewer than 
3600 in 2015, while maintenance costs are down by more than 
20%. It is the result of dedicated people, cooperation and the 
introduction of powerful new management techniques and tools. 
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In this paper I describe the principles of rail asset management, 
how ProRail has improved results through tendered performance 
contracts and how ProRail secures systematically all necessary 
knowledge and information in the sector to stay in full control of 
performance and costs, and to improve continuously.

Asset management
Development of the ProRail vision on AM
ProRail’s skills and vision for asset management on the railway 
have developed over the past twenty years. They are based on 
the needs and priorities over the years, and the introduction of 
new management approaches and techniques such as EN50126, 
and general management principles like the Plan-Do-Check-
Act (PDCA) circle, quality management (the EFQM model), 
Reliability Centred Maintenance (RCM) and Failure Mode Effect 
and Criticality Analysis (FMECA). The development started years 
before the appearance of the asset management standards 
PAS55 and ISO 55000.

Looking back, one could say that ProRail did not approach 
Asset Management as a new technique, but as a complete 
change of focus and culture of the whole rail infrastructure sector. 
Asset management was never implemented ‘overnight’ or as a 
programme, but has grown organically with the help of external 
stimuli, actual needs, intermediate milestones and growing 
maturity. ProRail developed step-by-step the instruments and 
skills, the control principles and information needs to manage 
assets optimally. Outsourcing of maintenance in 1997 forced 
the organisation to rebuild the asset management process and 
instrumentation from the bottom up without the burden of the 
past, which was challenging but also risky.

Clarity about the role and position of an asset manager proved 
to be a fundamental, stable starting point.

Roles in asset management
The task of an infrastructure asset manager is clearly defined 
by distinguishing four roles: Asset User;  Asset Owner;  Asset 
Manager;  and Service Provider.

The government in the Netherlands, as in most European 
countries, is the Asset Owner and finances the rail infrastructure. 
The Asset Owner identifies the needs of all stakeholders, 
sets targets and acceptable risk levels, and is accountable for 
financing the targets.

An Asset Manager such as ProRail decides how the targets are 
optimally and sustainably realized over the life cycle within the 
financial and risk framework of the Asset Owner.

Service Providers - like contractors, consultants and engineering 
firms – execute and implement what the Asset Manager has 
planned.

The Asset Users are train operators. They use the assets within 
the limitations of a network statement and access agreement, 
and pay an access charge for the use of the rail infrastructure 
network.

These roles clearly demarcate the role of the Asset Manager. 
The roles can be combined in one organisation, but should be 
distinct to keep tasks and responsibilities pure. The roles in the 
Netherlands are fully separated as shown in Figure 1.

The role of ProRail as infrastructure manager consists of four 
main tasks/processes:

• development of new network capacity and division of existing 
network capacity;

• design and building of new assets;

• maintenance and renewal of the existing assets;
• control of the existing network.

These main tasks cover the whole life cycle and connect the 
logistical network needs of the stakeholders with the asset 
know-how and skills of the service providers. The infrastructure 
manager connects these two worlds. Asset management is a 
technique which is concentrated in the Maintenance & Renewal 
organisation but which connects and affects all main processes in 
the infrastructure manager and outside.

The essence of asset management
Asset management is a professional way of doing maintenance 
and renewal. A good definition is given by PAS55: “Asset 
management is the systematic and coordinated activities 
and practices through which an organisation optimally and 
sustainable manage its assets and asset systems, their associated 
performance, risks and expenditures over their life cycles for 
the purpose of achieving its organisational strategic plan with 
long term vision and goals to meet stakeholders requirements 
and objective.” This definition can be linked directly to a 
conceptual model developed by ProRail more than ten years 
ago. It describes the essence of asset management, as shown in 
Figure 3.

Circumstances

3

3

Activities

Conditions

Costs PerformanceRISK
(causes)

Figure 3 – The essence of asset management.
A clarification: assets exist in order to provide performance. 

The main goal of an infrastructure manager is to realize asset 
capacity and functionality, with a specific quality according to 
the demands and wishes of stakeholders. A universal way of 
specifying asset quality is in terms of Reliability, Availability, 
Maintainability, Safety (RAMS). For stations, a set of additional 
quality parameters are necessary because the users are 
passengers and not trains; these are cleanliness, personal safety 
and accessibility.

Risk causes such as vandalism, wear and tear, weather, etc., 
threaten the performance of assets. Maintenance & Renewal 
activities are necessary to control these risk causes. These 
activities cost money. The amount depends on conditions such 
as the quantity of assets, utilisation, technical condition, effective 
working time, the Law, staff agreements, etc. Skills and quality 
in the infrastructure manager’s organisation determine how well 
and how sustainably performance and cost risks are controlled 
over the life cycle. Last but not least there are circumstances such 
as history, culture, the economic situation and politics which can 
influence the infrastructure manager’s capabilities and results. He 
cannot influence them, yet they can have a determining effect 
on his results. Examples of changing circumstances are a budget 
cut, a new rail transport policy or the decision to separate train 
operation and rail infrastructure. A determining factor for the 
rail asset management approach of ProRail was the decision to 
outsource maintenance.
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Outsourcing maintenance
Professionalisation of maintenance
Maintenance was a craft not so long ago, and not a 
management-intensive occupation. It has changed drastically 
in the past decades. An illustration of this change is the fact 
that asset maintenance today is a field of study at technical 
universities. The change was initiated after the Second World 
War by the aircraft, oil and defence industries, stimulated by 
the fast growth of information technology. These industries 
encountered considerable pressure to improve performance and 
to render the impact of maintenance predictable, more efficient 
and more effective. It became clear that good maintenance had 
a significant impact on business results (costs and performance). 
Effectiveness and efficiency can improve significantly when the 
right information and techniques are available and are applied.

The railways arrived nearly two hundred years ago. They 
are comparatively traditional in nature because they have 
been controlling quality and safety since the early nineteenth 
century. Performance is secured by robust technology, fail-
safe interlockings, technically strong and well trained staff, 
and a maintenance organisation with discipline up to a military 
standard. It has worked well, but circumstances have changed 
due to social, economic and technological developments. New 
management techniques have become available, maintenance 
has changed from craft to business, and outsourcing of non-core 
activities has become both possible and fashionable. Nearly all 
railway companies in the world still do their own maintenance 
because they know it secures safety and reliability. Circumstances 
have forced ProRail to break with this tradition.

Unusual and difficult
To outsource maintenance is difficult because the results to be 
achieved are hard to specify and measure. The output is not a 
tangible product, but a quality of experience. A complicating 
factor is that maintenance is a people business; the average 
lifetime of rail infrastructure is more than fifty years, while 
a maintenance contract runs over a much shorter period. 
Craftsmanship, experience and dedication of employees 
are crucial determinants of the short and long term impact 
of maintenance. The work they do is neither spectacular 
nor glamorous, but the impact is considerable: “If you think 
maintenance is expensive, try having an accident.”

The decision to outsource railway maintenance was made in 
the period when NS was broken up. The aim was to increase 
efficiency and innovation through competition, and to shift from 
a technical to a business focus; and in the nineties it also became 
fashionable. The slogan was: “Manage on the basis of output 
and at a distance, and the market will yield the best results”.

How this should actually be done was not clear. In retrospect 
one might say that the decision makers were rather naïve; 
there was no market, and there was a lack of knowledge, 
experience and competition. The new infrastructure management 
organisation and maintenance contractors were by no means 
ready for outsourcing, and even less ready for public tendering or 
output contracts. Certainly the asset manager and contractors did 
not have the ability in 1988 to tender and manage maintenance 
contracts “on output and at a distance”. However both parties 
have grown and have worked energetically step-by-step to 
develop the missing skills, tools, expertise, processes, etc. A key 
decision was how to specify and control performance.

Specification and control
Railtrack (the predecessor of infrastructure operator Network 
Rail in the UK) was about two years ahead of ProRail with the 
outsourcing of maintenance, but they stopped in 2002 because 

they experienced major difficulties with staying in control of costs 
and performance. Major causes were the choice of a high level 
RAMS output specification, and a lack of technical expertise 
to understand how performance and technical condition are 
connected with each other.

The approach taken in the Netherlands was different. The best 
way to illustrate it is the specification triangle shown in Figure 4. 
This concept was devised in 1997 after a working visit by a 
project team to Railtrack. On our way back we could not answer 
the question of how to stay in control of performance when a 
contractor did not perform. We had to settle for a less ambitious 
approach. The solution was an input specification or the use of 
technical specification; it was the birth of the specification and 
control triangle, and the decision was made to start, not at the 
top of the triangle, but at the bottom.

An explanation of the triangle: the highest asset performance 
level that must be specified and controlled is RAMS, which 
was the output which Railtrack used in its contracts. The lowest 
specification and control level is activities, the input necessary 
to realise the desired RAMS performance of assets. In between 
there are two interconnected output levels. The first one is the 
Integrated Quality Indicator, a combination of several technical 
specifications into one overall quality indicator. It is comparable 
with the blood pressure and heart beat of your body. It gives 
insight into the development of the quality of a whole system 
over the years. The second additional output level is technical 
wear and tear limits of objects; the Maintenance and Renewal 
(M&R) specifications. They define the lowest acceptable technical 
condition for systems, below which the risk of unsafe and 
unreliable performance is too great and control activities are 
necessary. Systematic measurements in the M&R specifications 
give insight into degradation of technical condition. This is the 
way to manage RAMS performance optimally and pro-actively, 
with “just-in-time” control activities: “Only if you can specify it 
and measure it, can you manage it”.

None of the specification levels can be skipped. They are 
interconnected, and they serve different management aims 
and responsibilities. The levels have to be managed by the 
infrastructure manager or the maintenance contractor. The 
infrastructure manager decides whether and how responsibility 
for a specification level is delegated to a contractor. This 
depends on the maturity of both parties.

A specification is only useful when you can measure it. 
Measured data is used not only for contract control but also for 
the planning of maintenance activities and renewal projects.

Measuring and reporting has become a professional business 
in the Netherlands. All inspection and measurement information 
is shared between ProRail and the contractors, and more and 
more measurements and inspections are becoming available 
electronically in a branch monitoring database. The expectation 
is that written inspections and quality measurement reports will 
slowly be phased out.

Functionality with a 
certain RAMS–Quality

R M S

Activities

Process demands

Integrated Quality Indicators

M&R Specifications

Law, Procedures , Regulations, etc. 

Re-active

Pro-active

A

Figure 4 – The specification and control triangle.
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When you know the degradation of technical quality, the 
technical limits and with what activities risks are controlled 
optimally, you know the relation between costs and performance. 
This is the principle of risk management— for an asset manager, 
the Holy Grail. More about this below; but first a brief overview 
of how contract control for maintenance has evolved between 
ProRail and the maintenance contractors.

Contract development (1998-2007)
Outsourcing of small scale maintenance evolved over a period of 
nearly ten years. Step by step it changed in the period between 
1998 and 2007 from a maintenance contract based upon input, 
to a mix of input and output, and finally a contract based on 
performance.

The first small scale maintenance contract – the Output 
Process Contract (OPC) - was drawn up in 1998 and introduced 
in stages. It consists of general conditions, the contract and a 
specified process consisting of eight steps. The OPC contract 
itself has three components: conditions, terms of reference 
and specifications. The criteria established for the OPC are 
consistency, lack of ambiguity, and a well thought-out control 
process based on agreed work plans and M&R specifications.

Four years later, about 2002, a clause was added to the OPC 
contract to facilitate and encourage partnership between the 
client and the contractor; the ‘OPC+’ contract was born. There 
was an accompanying shift in control, based on the principle of 
“managing quality and payment of completed units”; a sort of 
management mix of input and output. The complexity of this 
started to become clear in 2004. There was too sharp a focus on 
payments and administrative processes.

In 2005 the decision was taken to draw up a performance-
based maintenance contract, known as PGO. The OPC 
contract, specification and general conditions were completely 
restructured. The specifications were redefined and focused 
at the level of performance control. ProRail prescribes in the 
statement of work how the contractor should plan, realise and 
control the maintenance process, the interaction with projects 
and the organisation of process and contract management. Risk 
management was prescribed as the technique for managing 
performance, and the work plans of the contractor were to be be 
based on FMECA.

ProRail put the first PGO contract out to tender in 2007, 
in accordance with agreements with the government and 
the Netherlands Competition Authority. ProRail decided to 
reduce the number of maintenance contracts from thirty-nine 
to approximately twenty. Advantages are an expected fall in 
overhead, less frequent tendering and a doubling of contract 
volume, which has clearly helped to attract new market parties. 

The style of management had to change in order to give 
market parties freedom to improve their price to performance 
ratio. Output specifications and tendering create opportunities 
and incentives for contractors to distinguish themselves. A 
precondition is full process control and an accurate specification 
of the desired performance, which must be measurable and 
controllable.

Performance control by levels
An important question in the development of the PGO contract 
was how to specify and stay in control of performance. A 
proposed condition of the AM Director in that period showed the 
way: “I don’t want to manage safety at the level of derailments 
and collision. I want the contractor to prove that it cannot 
happen”. The implication was that he did not want to manage 
safety at the high, reactive level of RAMS, but at the proactive, 
technical level of the M&R specification.

Experience gained in the 1998-2005 period also suggested that 
there should be a specification for the contractor’s contribution 
to achieving the lowest life cycle costs, or the longest possible 
operational life. The requirement is relevant because of the 
difference between the five-year contract term and the fifty-year 
average lifetime of railway infrastructure; the contractor must 
not be allowed to neglect infrastructure at the cost of a shorter 
lifetime or higher life cycle expenses. All the considerations have 
led to the following general PGO contract specification.

• It is based on the specification triangle;
• Availability and Reliability (the RA in RAMSHED) is 

conveniently specifiable and controllable at a reactive, 
high level through the number, duration and seriousness of 
disturbances disrupting train services;

• Maintainability (the m in RAMSHED) is also controllable at a 
reactive, high level through the number and duration of train-
free periods (possessions) in a maintenance schedule;

• Safety (the S in RAMSHED) is specified and controlled on a 
proactive level at which it is possible to demonstrate that rail 
safety risk is under control: at the level of technical wear and 
tear or, where needed, preventive activities;

• Health and Environment (the HE in RAMSHED) are specified 
through process requirements arising from legislation and set 
down in associated regulations;

• Durability (the D in RAMSHED) is new. Durability was 
added to the specifications so as to manage explicitly the 
contribution to the life cycle. Nobody knew exactly what form 
this would take, but the same proactive methodology was 
used as for the safety specification.

Demarcation of contract control at different specification levels is 
shown in Figure 5.

Contract steering ProRail on performance-levels
Responsibility contractor

Functionality & 
RAMSHED–Quality (“the risks”)RAMS HE D

Risk-control 
activities

Process demands

Tactics to control risk  

M&R-Specifications &
Monitoring

Re-active

Pro-active

Regulations LawScheduleRisk Mngt. Risk Mngt. Risk Mngt.

Input if 
necessary

Figure 5 – Demarcation of responsibility areas  
through contract specifications.



IRSE NEWS |  ISSUE 228  |  DEcEmBER 20166

ASSET MANAGEMENT
The coloured areas demarcate the specification and control 

levels, the area of responsibility between ProRail and the 
contractor. It will be seen that performance is managed at 
different output levels depending on the requirement. Where 
no technical M&R specifications are available it is even possible 
to specify activities, the input level. This is done for example 
for signalling installations. Inspections and certain maintenance 
activities are prescribed, to keep the signalling system safe. A 
methodology was devised for determining this level selectively 
and consciously based on risk management tools previously 
developed by ProRail for M&R management. It was clear that 
risk management tools were key for an asset manager to stay in 
control of contractual performance and costs.

Risk management
For each potential failure, risk is defined as probability multiplied 
by impact. The kind of risk/ failure depends on the business and 
situation. Asset risks are RAMS(HED) performance and costs. Risk 
management evaluates the probability and impact of each failure, 
and the values are multiplied to give an overall value.

The Board of ProRail has defined a risk matrix which makes 
clear which risk values are acceptable and which are not (see 
Figure 6). The impact on business goals is described on six 
levels with values between 0 and 10,000. Risk chance is defined 
in probability per year, in six steps from 0.001 to 100. So the 
minimum risk value is (0 × 0.001), the maximum (10,000 × 100). 
Risk values in green are acceptable, those in red unacceptable 
and those in beige depend on the situation.

An unacceptable risk has to be controlled with activities. For 
M&R there are three possible strategies, based upon condition, 
utilisation or failure. The choice depends on the ability to specify 
and monitor the technical condition of the asset. Condition-
based maintenance is preferred, but when it is not possible 
the alternative is utilisation or frequency based. Failure based 
maintenance is only acceptable when the risk value is about 1 or 
less.

One tool, multiple applications.
Risk management is a technology that facilitates the management 
of performance explicitly. The underlying tool is risk analysis 
(FMECA) together with an overview of control activities, together 
known within ProRail as the M&R Concept (see Figure 7). This is 
a systematic, structured record of all failure modes and failure 
causes that have threatened or might threaten the RAMSHED 
quality. In practice it comprises the entire spectrum of possible 
disruptions and causes. A control strategy is chosen based on the 
risk value and the possibility of controlling it. The strategy covers 
an activity to control the risk: a specification and monitoring 
activity to monitor degradation, an M&R activity to control a risk, 
and a repair activity if the risk has actually occurred.

In the period 2004-2005, ProRail Asset Management developed 
somewhat global M&R Concepts for all systems. In an ideal 
world this information would come initially from the designer. 
The theoretical concept of the designer will change during 
exploitation in a realistic overview of all possible and exposed 
risks. ProRail Asset Management has now collected the necessary 
risk information through interviews with its own experts and 
analysis of the failure logging system and investigation reports of 
accidents.

In 2010, ProRail decided to improve the quality of the 
M&R Concepts and develop, together with the maintenance 
contractors, detailed up-to-date new versions of all systems 

with additional information about activity codes, failure causes, 
the need for realisation information, regulations and contract 
specifications. A programme organisation called System Asset 
Management (SAM) was set up in 2010. The programme team 
worked out the risk management process and wrote a manual 
(SAM, 7-2015). Working groups, with technical specialists from 
ProRail and contractors, have developed the new M&R Concepts. 
The result in 2015 is that more than twenty types of object have 
detailed M&R Concepts,. These are the objects that cause more 
than 80% of all failure risks. It is a huge task, but it has to be 
done once and it creates a consistent and detailed branch M&R 
knowledge platform with multiple applications.

Sector knowledge platform
The M&R Concept for a system is a long list with risks and risk 
causes, each with a unique identity number. The length of the 
list depends of the complexity of the system. For example, an 
insulated joint has about fifty risks, all types of points assembly 
more than a thousand. A layman would be frightened by the 
amount of information, but for a maintenance engineer it is a 
gold mine; a systematic, complete and accessible library of all 
M&R knowledge for a system. The risks and control activities 
can be sorted in all kind of combinations: per function, per 
risk control strategy, distribution of risk values, comparable 
risk causes, comparable control activities, etc. The risk cause 
overview proved to be indispensable to improving the quality 
of the failure logging system—the cornerstone of continuous 
improvement of performance. The risk tool is an ideal tool for 
management of information and knowledge:

• it secures all M&R knowledge;
• it structures information needs;
• it relates different information sources;
• it provides information to calculate costs;
• it helps to specify and manage output contracts;
• it connects costs and performance.

Figure 8 illustrates the versatility of the Maintenance & Renewal 
Concepts. The long list with risks becomes short, accessible and 
recognizable when it is sorted as a list of identical inspection, 
maintenance and renewal activities. These activities are clustered 
in plans, inspection forms and work orders. These maintenance, 
renewal and inspection plans also make it possible to calculate 
costs, obtain an overview of need,for possessions, model the 
relation between activities and performance, and so on.

Activities in the M&R and inspection plans have unique identity 
numbers, and are collected by ProRail in a list known as the ‘TESI-
list’. Each activity in the list is connected to relevant, available 
information: way of contracting, a unit cost figure, frequency of 
the activity, duration of a possession, financial codes, etc. Unit 
cost calculations are gathered in the Rail Case Base (RCB) and 
connected with the M&R Concept through the TESI-code.

The concepts also provide the necessary information to improve 
existing unit cost calculations or to make new ones. The latest 
development is the ability to model the relationship between 
performance and control activities—the Holy Grail for an asset 
manager. The first results are very promising.

M&R Concepts are indispensable for an asset manager like 
ProRail which has outsourced all executive activities and manages 
performance contracts. It provides all M&R knowledge in a 
systematic and accessible way for management of performance. 
It is the only tool with which performance and costs are 
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Figure 7 – M&R concept: a risk analysis with control activities.

Figure 8 – M&R concept: knowledge and information platform.
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ASSET MANAGEMENT

interrelated explicitly and coherently. The challenge for ProRail 
now is to integrate the risk management tool fully into the Asset 
Management process, including the contract management 
process. Main actions are:

• transfer the M&R Concepts from Excel into a well-run branch 
database by ProRail;

• make M&R Concepts available for the whole branch;
• make M&R Concepts part of the maintenance contract 

specification;
• structure information in “Information Delivery Specifications,” 

to form part of the contract specification.

Organic growth of asset management
The development process of ProRail is a tangle of steps: forward, 
backward, sometimes targetted but often disoriented and forced 
by circumstances. From the perspective of the “quick scan” 
of the EFQM model, a pattern emerges. The organisation and 
results develop in successive orientation phases, and one phase 
creates the conditions for the next one.

Growth is only structural as a certain degree of maturity is 
reached in the preceding phase(s).

Figure 9 illustrates the development process. On the Y axis 
appear orientation phases concerning costs, and on the X axis 
performance. The development of skills relating to costs begins 
at ‘Budgeting tasks’ and then goes from ‘Unit costs’ to ‘Costs 
of products/assets’ and via ‘Life Cycle costs’ to ‘Social costs/
benefits’. The development of skills relating to performance 
begins with controlling ‘Execution of tasks’ and then runs via 
‘RAMS- performance’ to ‘Risk (causes)’ and via ‘Risk-impact over 
life cycle’ to ‘Risk Impact society & branch’.

Development of Asset Management at ProRail had the character 
of organic growth. It was driven by circumstances and the 
availability of knowledge, expertise and skills in the organisation. 
ProRail started by establishing a firm basis: asset database, 
financial system, failure registration, dashboard, information 
standards, specification, contracts, etc. This was an attractive 
way of establishing priorities, with a focus on control of the M&R 
organisation, cost and performance. Only with a firm basis can 
the organisation work effectively on integration over the life 
cycle, and only when that is anchored is optimisation possible 
over the whole sector. Orientation growth touches not only the 
core skills of all employees of the AM organisation but also the 
culture, structure and systems of the entire organisation.

The organic growth model shows that Asset Management 
is not a self-contained management technique for a group of 
M&R specialists, but involves the whole organisation of the 
infrastructure manager and the chain partners. To manage 
optimum, sustainable performance, risks and costs for existing 
assets over their whole life cycle, the Asset Management 
organisation has to work in cooperation with the other business 
units of the infrastructure manager and ultimately of the entire 
sector.

Asset Management is the core competence of the M&R 
organisation, but the entire organisation and supply chain 
contributes to it. NEN-ISO 55002 formulates this as follows: 
“The asset management system is not self-contained. Part of 
asset management is the ability to integrate asset management 
processes, activities and data with those of other processes 
within the Organisation, such as quality, accounting, safety, 
risk and human resources. Other business processes should 
be optimally exploited to avoid unnecessary new work and 
duplication of existing work and existing data. These interactions 
with the existing processes are to be communicated clearly to all 
concerned.”
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       Figure 9 – Organic growth.
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Epilogue
Asset Management is not new. In the past it was done by 
technical staff and treated as a craft. They made implicitly the risk 
assessment which is now made explicitly with risk management 
tools.

In the past there were no tools to control the performance of 
an installation other than the eyes, ears, feeling and experience 
of the staff on the spot. Thanks to the fast development of 
Information and Communications Technology (ICT), performance 
management became possible without the presence of staff on 
the spot.

Their implicit craft knowledge became explicitly available for the 
whole sector through data in ICT systems. This was inevitable, as 
performance demands grew with cost reduction demands, and 
conditions and circumstances became more complicated. The 
ground staff needed assistance from maintenance engineers, 
planners, logistics, inspectors, measurements etc. Today they 

are one link in a process chain. They have lost their autonomy, 
but have or will have up-to-date, accurate asset information and 
support. The maintenance craft has changed into a first-grade 
management intensive profession. ICT and risk management are 
indispensable tools which make it possible for a chain of various 
professionals and organisations to work together as one team in 
order to achieve continuous performance and cost improvement.
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In order to bring IRSE NEWS readers the latest global 
signalling, telecomms and train control information, we have 
teamed up with the Railway Gazette International  
(www.railwaygazette.com) to supply brief summaries of 
major news in our industry. We will of course also publish items 
of news from other sources when we receive them.

INDUSTRY NEWS

Rail Delivery Group name replaces ATOc

[RGI] UK: The Association of Train Operating Companies and the 
Rail Delivery Group have adopted the single name Rail Delivery 
Group with effect from 24 October, with the aim of providing 
greater clarity about the services offered.  

Transport Select committee digital railway 
report published

UK: On 27 October the House of Commons Transport Select 
Committee published the findings of their eight-month inquiry 
into railway technology in the UK. The IRSE was one of many 
industry contributors to the committee, and we will provide more 
information on the findings in a future edition of IRSE NEWS.

Louise Ellman MP, Chair of the Transport Committee, 
commented: “The number of passengers using our rail network 
is increasing year on year. There is an urgent need to increase 
capacity and the Digital Railway is an exciting programme which 
could have real impact. We have seen successes on some metro 
lines already.

“However, measured and realistic plans are essential to the 
progress of the digital railway. Network Rails needs to keep a firm 
grip on their plans and they need to include the whole sector. 
There will need to be a full cost/benefit analysis published case 
by case, for consultation, before strategies can be finalised.”

She added: “This is a real opportunity to give the UK’s rail 
passengers a world class system. Network Rail’s past performance 
in planning major enhancements has been poor but this is an 
exciting opportunity to restore confidence by co-ordinating a 
whole sector approach which delivers real improvements for the 
passenger and industry.”

Set up as a statutory body after privatisation in 1993, ATOC 
brings together all the train operating companies to provide 
joint services such as the Rail Settlement Plan revenue allocation 
system, National Rail Enquiries journey planning information, 
discounted Rail Staff Travel and an operations, engineering and 
major projects team. 

The Rail Delivery Group was established following the 2011 
McNulty Rail Value for Money Study to provide policy and 
communications functions representing the views of train 
operator owning groups, freight operators and infrastructure 
manager Network Rail. 

“This is an important development for our organisation”, said 
RDG Chief Executive Paul Plummer. “The Rail Delivery Group has 
a key role to play in bringing the industry together to address 
the tough challenges it faces and ultimately, in enabling rail 
companies to succeed in delivering the great railway we all want. 
To best fulfil that role it is important that our stakeholders and 
members have a better understanding of the broad range of 
services we provide and that means having a single name.”

Bombardier joint venture starts work on 
Serbian signalling upgrading

[RGI] SERBIA: Bombardier Transportation has begun work on its 
first signalling project in Serbia, covering the 77.6 km Resnik – 
Valjevo section of the route from Beograd to Bar in Montenegro, 
of which 287 km is in Serbia. The infrastructure work will support 
an increase in the maximum speed on the route from 50 to 
120 km/h. 

RZD International is managing the modernisation project on 
behalf of the Serbian infrastructure manager. The signalling 
element is being undertaken by the Bombardier Transportation 
(Signal) Ltd joint venture between Bombardier and Russian 
Railways, which has previously supplied signalling equipment for 
almost 300 stations across Russia, the Baltic States, CIS, Mongolia 
and Eastern Europe. 

The Serbian project is the first to get underway since RZD 
International and Bombardier signed a memorandum of 
understanding in June covering co-operation on infrastructure 
projects in the international market.
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SYSTEMS ENGINEERING

ETcS beyond Systems Engineering
Oskar Stalder
Oskar Stalder Consulting
Bern, Switzerland 
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Heiden, Switzerland 

This article is based on a presentation made at the IRSE/
INCOSE Seminar on Systems Engineering at Birmingham 
University, UK, on 14 April 2016.

The challenge
ERTMS/ETCS is currently spreading into numerous railway 
networks in Europe as well as globally. Its technical integration is 
sometimes quite a challenging process that could be facilitated 
by methods of Systems Engineering. The necessary integration 
of the system in the railway business environment and its safety 
approval process are often additionally challenging exercises and 
might be supported by alternative methods. 

The system offers realisable benefits for different stakeholders 
and each of these perceive ETCS differently. The different 
perceptions have to be considered seriously to enable fully 
accepted success of the system. Ways and means have to be 
chosen to understand and integrate the different aims of the 
stakeholders. Methods to handle the approval process – a part 
of the system integration – and adequate engineering processes 
that help business aspects are exemplified below, for an ETCS 
Level 2 system, in consideration of the expectations of the 
different ETCS stakeholders.

Role of and changes with ETcS
The most obvious objective of ETCS is to increase the safety 
of railway operation. This is achieved by cab signalling and 
permanent speed supervision for all types of train. So far, the 
train controller’s and driver’s needs are safeguarded. 

This objective and its technical solution entail a new distribution 
of safety functions: more on technology, less on human ability 
and more on the train’s on-board equipment. Therefore, both the 
train operator AND the infrastructure manager have to play their 
respective stakeholder roles. 

The safety function is enabled by a continuous processing 
of current data from the infrastructure (run by a specific train) 
and the actual data from the train itself. The process generates 
additional detailed data about the current situation of the train 
involved, e.g. speed, location and time. In ETCS Level 2 all this 
data is continuously and reciprocally transmitted between the 
train and the control centre. On the infrastructure side it enables 
a more detailed and immediate picture of the operations process 
and consequently can support new and more effective traffic 
control functions.

When this data is adequately processed in the Traffic 
Management System (TMS) it can help deliver stakeholder 
objectives such as:

• higher service quality (e.g. punctuality) for the final 
customers;

• increased capacity of lines and nodes for the infrastructure 
manager;

• saving of traction energy for the train operator e.g. by the 
assistance of a Connected Driver Advisory System (C-DAS).

ETCS transforms the generation and transmission of data 
between track and train. A unidirectional transmission from the 
trackside towards the train was state of the art for automatic train 
protection in the 20th century. The driver had to act on the basis 
of a limited vocabulary of signal aspects combined with some 
static infrastructure data known to him, personally. Train control 
in the 21st century continuously transmits current data about the 
trackside and the train status in duplex mode between train and 
track without the earlier limited vocabulary of the signal aspects. 
The driver is guided by an easily understandable, ergonomically 
designed, cab signalling on a screen providing him with a much 
wider view of the route conditions ahead. The trackside control 
and command system TMS is continuously provided with current 
detailed data about train operation which creates opportunities 
for promising new business cases.

Under such a perception ETCS Level 2 is really more than 
“just another Automatic Train Protection (ATP) System”, which 
is often the current perception of today’s train operators. ETCS 
is definitively capable of delivering more than additional safety. 
Under this wider perception ETCS is really a change of paradigm 
for the operation of a railway.

Expanded engineering processes
To allow the introduction of ETCS to be a “change of paradigm” 
for the network concerned, the system has to be integrated on 
two different levels: for the train control aspects, strictly speaking, 
on one side and additionally for the operation of the railway from 
a business perspective. 

Systems Engineering (SE) is the adequate method for handling 
the new communication channel and the elements concerned 
with safety conditions. SE has to coordinate four players in that 
process: The manufacturers of the trackside and the train borne 
equipment together with the infrastructure and train operation on 
the railway side. These four players come from different cultures; 
have different perceptions of the system and different objectives 
(see Figure 1). SE treats the hard facts of the system introduction. 
It defines HOW things are done to fulfil the safety expectations, 
in excellence and with efficiency. 

The SE process requires input from the business side about the 
aims of the future railway operations with updated objectives. 
This additional step is called Business Engineering (BE) and it 
integrates ETCS with its new capabilities in the comprehensive 
process of producing train paths, beyond the traditional train 
control view. 

BE deals with the soft facts and defines WHAT has to be done 
and why. BE clears the roles of all participants and enables a 
straight forward SE thanks to more accurately defined objectives 
for the four players involved (see Figure 2). 

Business Engineering
BE perceives the train operation as one system element of a 
comprehensive picture. It encloses the complete value chain 
to produce a train path from the service intention over the 
timetable (planning and TMS) down to the control of a specific 
train (Figure 2). It has to define, e.g. the intended service pattern, 
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the planning conditions for train paths, the headways and their 
tolerances and the control strategy for the TMS. The potential 
benefits of the new system will mainly be generated through 
the TMS. This can only happen if the whole value chain from the 
planning down to the train operation is working on the same 
basic assumptions  – the main challenge for BE. The specific 
requirements for ETCS are one of the results of BE that will help 
to define the specific ETCS conditions (e.g. the choice of modes 
for different functions) for the network concerned.

Beyond Systems Engineering
In common practice SE is bringing together the perception of the 
stakeholders dealing directly with train control. As the system is 
internationally standardised the user of ETCS is also dependent 

on decisions made outside his direct area of influence - an 
additionally challenging aspect.

SE is aiming at an approved system and its operation under 
SIL4 conditions. Four main players are acting in the SE process: 
the operator of the infrastructure and the manufacturer of the 
trackside equipment, together with the train operator and the 
manufacturer of the train borne equipment. 

Of great importance is an additional independent supervisory 
function responsible for system integration and interoperability 
(IOP), overseeing the complete process (according to Figure1). 
IOP covers - beside the international aspect – the correct 
functioning of different ETCS products in the same network. 
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Figure 1 – Four players, four cultures, different perceptions, different objectives.
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Accomplished international specifications are not automatically 
guaranteeing IOP. This has to be explicitly proved as the current 
ETCS products are not yet ready for ‘plug and play’. This function 
has to act independently of the conventional infrastructure/
train operation roles. Its role is the management of the system 
integration and is sometimes called ‘national system authority’.

The common basis for this multitude of actors and their 
behaviour is the V-model according to EN 50126. Originally 
developed for signalling software applications the model proved 
to be applicable for the surrounding system parts of ETCS too. 
This standard is governing the safety proof process out of the 
four perspectives of reliability, availability, maintainability and 
safety (RAMS). For the practical execution more detailed rules 
and directions are necessary and have to be observed by all 
actors in this process. One example of such a set of rules is the 
proven Swiss-concept applied in the last ten years (this can be 
downloaded at http://bit.ly/2dXIby5 in German). 

In the approval process for the system a multitude of internal 
and external actors are engaged. Each of them is technical 
expert in his field of activity and has to play his specific role. For 
a successful process a common aim and way of acting is required 
and the right person has to orchestrate and lead it. Managing SE 
for ETCS is therefore not simply a technical challenge but also 
demanding leadership in an interdisciplinary and intercultural 
sense. 

ETCS is a large distributed  information and control technology 
system with all the consequences that brings. It challenges all 
fields of action from now on and brings the operation into the 
world of the ‘Digital Railway’ and, so called, ‘Big Data’. 

conclusions
• The integration of ETCS in an existing railway network is a 

challenging process. SE is necessary to achieve the intended 
system safety level but it is not sufficient to obtain the 
possible business benefits. BE enables this expansion.

• The SE process for the integration of ETCS needs to be 
orchestrated and led, preferably by an informed (national) 
System Authority.

• ETCS Level 2 is more than “just another ATP System”. It 
provides the possibility of additional benefits for better 
train control. BE is enabling the formulation of adequate 
objectives for the ETCS integration and it is opening the way 
to advantageous business cases.

• ETCS is part of the complete value chain for the production 
of train paths. It is the key for the operation of the “Digital 
Railway”. It provides the TMS with current data of the 
operations process and enables a realistic and reliable control 
of the trains.

• ETCS really brings a change of paradigm for railway 
operation. Its introduction will have effects similar to those 
that the introduction of the PC into the office had 30 years 
ago, which not only had an impact on people’s desks but 
completely changed the business processes in an office. The 
ETCS integration process has to be treated with an expanded 
signalling perception that covers the complete value chain for 
the production of train paths.
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An Intercity train leaving the Loetschberg Base Tunnel on the north 
side after having been guided by ETCS L2 and the Traffic Management 
System through a Connected Driver Advisory System (C-DAS). The 
train’s running speed was adapted by the C-DAS control algorithm and 
enabled smooth running by avoiding a stop at the entry to the single 
line section of the tunnel. An adequate Business Engineering process 
realised 35% capacity increase for the tunnel. Photo BLS Railway.
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Developments in the signal sighting 
assessment process
Richard Barrow FIRSE FIET CEng
Lead Control Command and Signalling Engineer, Rail Safety & Standards Board, UK

Introduction
I first became aware of the term 
‘signal sighting’ when, as a British 
Rail Eastern Region trainee, I 
enjoyed a six week placement with 
the Signalling Works Supervisor 
at York.  During 1981, numerous 
small to medium sized signalling 
projects were being delivered in 
West Yorkshire, which required 
new signals to be sighted (or 
sited?).  At the time, I observed 
that signal sighting involved a site 
meeting of experienced engineers 
and operators with the aim of 
agreeing the appearance, position 
and alignment of each signal, 
and recording their decision on 
a signal sighting form.  Later 
on, during signalling drawing 
office placements, I would come 
across signal box record files that 
included signal sighting forms 
dating back many years, so this 
was a clearly a process with a long 
heritage.  

Although there must have been 
earlier documents, the oldest 
standard on signal sighting 
assessment that I have seen 
is a Southern Railway document (WX785 - Memorandum for 
Guidance of Sighting Committees) dated August 1946.  This 
dealt almost exclusively with semaphore signals, although colour 
light signals do get a brief mention.  Further editions were issued 
at intervals by British Railways (BR) Southern Region, following 
nationalisation of the railways, gaining braking tables and 
diagrams on the way.  Doubtless the other BR regions managed 
signal sighting activities using similar documents.  

The first nationally applicable BR ‘standard’ on signal sighting 
assessment (CP8 - Code of Practice for Signal Sighting) was 
issued in October 1989.  The Director of Signals & Telecomms 
Engineering brief stated that “It is to be applied henceforth and 
will supersede any existing instructions on this subject”.  The 
content of CP8 was later perpetuated in a Joint Departmental 
Procedures Handbook.  The first Railway Group Standard on this 
topic (GKRT0037 Signal Sighting) was issued in October 1994. 

On 5 October 1999, a train collision at Ladbroke Grove on the 
approaches to London Paddington station resulted in the death 
of 31 people and more than 500 injuries.  The formal inquiry into 
the accident identified that poor sighting of signal SN109, both 
in itself and in comparison with the other signals, allied to the 
effect of bright sunlight at a low angle, were factors which had 
led the driver to incorrectly believe that SN109 was presenting 
a proceed aspect.  GKRT0037 issue four October 2001 was an 
initial response to the report recommendations, after which a 
thorough review of signal sighting practice was undertaken.  
GERT8037 Signal Positioning and Visibility and GEGN8537 

Guidance on Signal Positioning and Visibility were issued in 
December 2003 and implemented using a series of nationwide 
briefings.

Now, after 12 years, a further review has resulted the publication 
in July 2016 of a new Railway Industry Standard (RIS-0737-CCS 
Signal Sighting Assessment Requirements), which updates the 
signal sighting assessment process and technical requirements 
so that they reflect industry good practice, current legislation and 
the structure of the privatised mainline railway in Great Britain.  

Reviewing the requirements for lineside signalling 
system interfaces
In 2010, the UK Rail Safety & Standards Board (RSSB) member 
organisations established four projects with the aim of reviewing 
and updating the requirements for lineside signalling systems set 
out in Railway Group Standards.  This would include a thorough 
investigation into the contribution of the signalling system to 
train operations, taking account of the influence of technical, 
operational and human factors and the safety risks that need to 
be managed.  

Although the remit included a discrete project to review and 
update the requirements for signal sighting assessment, it was 
decided to develop the signalling system interface requirements 
set as a whole to help achieve a result that is complete and 
specified at a consistent level of prescription.

The complexity of the railway system, the legacy of existing 
rules and requirements, and the diversity of terms and definitions 
lead to a decision to develop a system model with the aim 
of capturing a single description of the signalling system and 
the use cases of the train operators who interface with it.  This 
approach has proved to be very powerful in managing system 
complexity and it has supported decisions about the validity 
and completeness of the proposed requirements and rationale.  
Definition of the system boundary helped to distinguish what is 
internal / external to the system under investigation.  

The model was developed using the Unified Modelling 
Language (UML), following the techniques described in UML 
for Systems Engineering: Watching the Wheels second edition 
(IEE, Holt - 2004).  The example model viewpoint shown in 
Figure 1 describes the three signalling system interfaces that 
must be managed to achieve safe integration with train driving 
operations: readability, interpretability and driveability.

The model has informed the project team to reach a conclusion 
that the three primary requirements on signalling systems to 
support safe integration with train operations are:

1. Be readable.
2. Be interpretable.
3. Be driveable.
Importantly, this model viewpoint also shows the contribution 

of the lineside signalling system to the train driving task, and the 
use cases of the train driver:

1. Read.
2. Interpret.
3. Drive in accordance with operational rules.

Not a new issue - Sykes 
apparatus from the early  
20th Century.
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Figure 1 – Example model viewpoint in UML.
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This understanding helps to inform the rationale for the 
requirements.  Similar viewpoints were also developed to show 
other users of lineside signalling systems, for example the 
platform staff responsible for train dispatching at stations.

Before developing the detail of the requirements and rationale, 
it was necessary to create precise and accurate definitions of the 
terms relevant to readability, interpretability and driveability. The 
following definitions are an example:

Read

The process of detecting, identifying and distinguishing 
the relevant lineside signal aspects, indications and signs.  
Reading is a precondition to a driver interpreting the 
information conveyed by the lineside signalling system. 
Readability 

The ease and reliability with which signal aspects, indications 
and signs  can be read by a driver throughout the range of 
operational and ambient conditions applicable to that asset, 
within the operational context and while performing typical 
required duties.  This ranges from never readable to always 
readable. 

Readable 
Lineside signalling displays are readable when a driver, who 
meets the minimum eyesight and competence requirement 
for their role, is able to reliably read each individual aspect, 
indication and sign presented by the signalling system 
throughout the range of operational and ambient conditions 
applicable to that asset, within the operational context.

In order to develop a complete set of signalling system 
interface requirements with a consistent level of prescription, 
significant input from signal engineering, railway operations, 
human factors and train driving experts was needed to inform 
the understanding of the contribution of signalling system 
parameters to the train driving task and how that controls the 
likelihood of an operating incident.

Three of the four projects are now complete, resulting in 
standards covering:

1. Signalling product design and assessment.
2. Signal aspects and indications.
3. Signal sighting assessment.
The fourth project covering signalling layout design and 

assessment is nearing completion, which will result in a 
comprehensive suite of standards setting out the, rationale and 
guidance covering safe integration of lineside signalling systems 
with train operations.    

How does signal sighting assessment contribute 
to safe integration?
In consulting with stakeholders when developing the signal 
sighting assessment project, it soon became apparent that the 
term ‘signal sighting’ can mean different things to different 
people and the organisations that they work for.

In order to develop the standard on signal sighting assessment, 
it would be essential to answer a number of important questions:

• What is the technical scope of signal sighting assessment?
• What is included (and what is not included)?
• Given the requirement for the lineside signalling system to 

be ‘readable’, ‘interpretable’ and ‘driveable’, what is the 
contribution of signal sighting assessment to achieving this?

• When is signal sighting assessment necessary?

• What is the process?
• Who is responsible; who else needs to be involved?
• Which tools and techniques are available?
• What constraints apply to the assessment decisions?
And finally, and possibly the most challenging…..

• Why are these the requirements (the rationale)?
The challenge and opportunity was to take advantage of the 
extensive experience and knowledge available within the industry 
to inform a robust understanding of signal sighting assessment 
processes and good practice.  A cross-industry review group 
helped RSSB to answer these questions, comprising people 
with experience of lineside signalling systems, signal sighting 
assessment, signalling project engineering, train driving, railway 
operations, human factors, relevant legislation and regulation of 
the rail industry.  

So what is the scope of signal sighting?  It is clearly not just 
signals!  And what exactly does ‘sighting’ mean?  Or is it ‘siting’?  
It was soon obvious that having opened the ‘can of worms’ much 
effort would be needed to answer these questions and produce 
a good outcome in terms of an updated standard that helps 
people and organisations fulfil their obligations.

The system modelling and analysis confirmed that the train 
driving task includes reading and correctly interpreting the signal 
aspects and indications presented to the train, therefore any 
shortcomings in the lineside signalling system might adversely 
influence the train driver’s ability to take the necessary action 
at each signalling location.  It also confirmed that readability, 
interpretability and driveability are not Boolean attributes; they 
have a range that can be positively and negatively influenced by 
affecting factors, only some of which are able to be controlled by 
the signalling system.  The signal sighting assessment takes these 
compatibility factors into account to inform a decision on how 
easy (or difficult) it will be for train drivers to read, interpret and 
respond to the signalling information being conveyed by that 
asset and at that location.  

The conclusion was eventually reached that signal sighting 
assessment is the process used by the rail industry to confirm that 
a lineside signalling asset (signal, indicator or sign) is compatible 
with the train driving task at that location, taking account of the 
operational context and environment in which the trains are 
driven.  It is a ‘driveability’ assessment of an individual asset, 
and therefore it contributes to the wider assessment of route 
compatibility and safety risk.

It was also confirmed that signal sighting assessment is not 
the signal overrun risk assessment, nor the signalling layout 
driveability assessment; although these can involve the same 
people and organisations and apply similar processes.  

Therefore, signal sighting assessment, on its own, is insufficient 
to reach a decision on safe integration.  It provides information 
that is highly relevant to the overall framework of risk 
assessments that support a decision that a planned change can 
be safely integrated into the railway.

When is signal sighting assessment applicable?
On the basis that signal sighting assessment contributes to a 
decision about safe operation of trains, this can apply in two 
circumstances:

1. Before a planned change is put into use.
2. To confirm that the existing system remains fit for purpose.
Signal sighting assessment is relevant to any change that has 

the potential to adversely influence compatibility of a lineside 
signalling asset with train operations.  Obviously, a change to the 
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lineside signalling system should prompt an assessment however 
other changes that might not at first appear to be relevant, may 
require an assessment to confirm that they do not invalidate the 
assumptions underpinning a previous signal sighting assessment.  
Examples of changes that might need a signal sighting 
assessment include alterations to:

• Rolling stock and train consists;
• The operational context; 
• Track layout or alignment;
• Electrification infrastructure;
• Railway structures.

Signal sighting assessment of an existing asset is also relevant 
following an operational incident or allegation that signal sighting 
is inadequate, and when the interface is affected by unplanned, 
uncontrolled or creeping change.  Examples include:

• System degradation;

• Vegetation growth;

• Changes to the built environment.

For a planned change, the common safety method on risk 
evaluation and assessment (CSM RA) requires the ‘Proposer’ 
to identify the hazards arising from the change and implement 
suitable controls to manage the risk.  The ‘Proposer’ can 
be an infrastructure manager or a railway undertaking.  For 
existing assets, the common safety method on monitoring is 
implemented by duty holders, using their safety management 
systems, to capture emerging problems and initiate necessary 
corrective action, which might include a signal sighting 
assessment to inform improvements or remedial actions. 

Because signal sighting assessment is a review of the interface, 
participation of affected parties and relevant disciplines from 
different parts of the railway is usually needed.  This results in the 
establishment of a signal sighting committee (SSC) that includes 
the relevant infrastructure managers and railway undertakings.  
Irrespective of who is the ‘Proposer’, the infrastructure 
manager (network) always provides the SSC chair because 
that organisation is responsible for operating the railway and 
providing a lineside signalling system that is fit for purpose.

This understanding helped to inform the signal sighting 
assessment process requirements and rationale set out in 
the new rail industry standard (RIS-0737-CCS Signal sighting 
assessment requirements), which is based on plan-do-review 
good practice.  Consultation on a signal sighting assessment plan 
helps those involved to understand their input and confirm their 
availability before the assessment.  It also provides a means for 
the ‘Proposer’ to identify and hopefully resolve areas of concern 
before the assessment, and manage stakeholder expectations of 
the scope of assessment and the likely result.

A good plan should help all parties to reach a common 
understanding of:

a) Why the signal sighting assessment is needed. 

b) What will be assessed. 

c) When the assessment will take place. 

d) Where the assessment will take place. 

e) Who will perform the assessment. 

f) Which assessment method will be used. 

g) How the assessment will be done. 

h) The assumptions, dependencies and caveats underpinning 
the assessment. 

What needs to be assessed?
The signal sighting committee assesses the capability of an asset 
to support safe integration with train operations at that location.  
The committee is not responsible for designing the asset, 
although it might inform or confirm a design decision.  

The signal sighting committee is responsible for confirming 
the design arrangement of the lineside signalling asset(s) being 
assessed, including: 

a) Asset type and performance. 
b) The asset layout.
c) The position of the asset relative to the line to which it 

applies. 
d) The lateral position of the most restrictive lineside signalling 

system display relative to the left hand running rail. 
e) The height of the most restrictive lineside signalling system 

display above rail level. 
f) The alignment of the display(s) towards the train. 
g) The appearance characteristics of the structure used to 

support the asset. 
This is necessary because all of these parameters have the 

potential to influence the appearance of the asset from the 
viewpoint of train drivers.

In order to do this, a process of assessment and evaluation 
is undertaken to determine the required readable distance 
performance (RRD) of the asset, understand what needs to be 
done to achieve it and eliminate and control any factors that 
could adversely affect the interface.

The RRD of a signalling asset is directly proportional to the 
time needed to complete the necessary train driving task.  Both 
of these are influenced by the speed of the train being driven, 
so this has to be taken into account.  The following formula is 
relevant to determining the RRD:

RRD ≥ MRD = v(max) x MRT 
Where: v(max) is the assessed maximum train speed (m/s).
MRD is the calculated minimum readable distance (m).
MRT is the assessed minimum response time (s).

The ‘minimum response time’ (MRT) of each asset is calculated 
using the ‘baseline response time’ (BRT) for the asset type as a 
starting point and then adding ‘supplementary response time’ 
(SRT) where this is assessed to be appropriate to control any local 
compatibility factors.   Therefore:

MRT = BRT + SRT  
The project has introduced some changes to the terms and 

acronyms familiar to signal sighting assessment practitioners.  
An example is the term MRT, which now relates to the minimum 
response time in the operational context rather than the 
minimum permitted reading time.  The changes to the terms and 
acronyms are important to understand so a communication plan 
has been established to communicate the changes to those who 
will use the new standard.

The BRT values have been validated against human factors 
research into the train driving task to confirm that they remain 
valid.  They have been updated, where necessary, to account for 
the range of lineside signalling assets applicable to the GB main 
line railway.  An example of a change is confirmation that the BRT 
of a main signal is 7 s, or 5 s where a banner repeater indicator 
is provided.  The BRT of a banner repeater indicator is 4 s, 
therefore the overall MRT of both in combination is 9 s.
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An option is now available for signal sighting committees to 
take advantage of visibility performance to support the RRD but 
only if the ‘visibility’ performance of a lineside signal aspect or 
indication, on its own, is sufficient for a driver to reliably interpret 
the presented information.  An example of where this might 
be advantageous is where a junction signal presents a route 
indication applicable to only one route.  In this case, visibility 
of the lit indication should be enough for the driver to interpret 
that the diverging route is set before the train reaches the point 
at which the indicator is fully readable.  This is shown in Figure 2 
above.

compatibility factors
In order to confirm that a lineside signalling asset is fit for 
purpose in the operational context, the signal sighting committee 
has to evaluate the applicability of 28 ‘compatibility factors’, each 
of which has the potential to adversely influence the signalling 
system interface with the train driver.  These factors are grouped 
as follows:

A. Nine factors that prevent reliable reading.
B. Two factors that always require SRT.
C. Seventeen other factors that may affect signal sighting.
An example of a group A factor is ‘Vertical obscuration occurs 

during the reading time’.  This can arise where electrification 
masts on a left hand curve intermittently obstruct the line of sight 
between the driver and a signal aspect.  Regularly spaced vertical 
obscuration(s) would make a steady aspect appear to flash and 
further fragment a flashing display.  A steady display that has the 
appearance of a flashing display might be misinterpreted by a 
driver, particularly at night.

A group B factor arises wherever the layout of signals means 
that the driver is presented with more than one similar display 
in the field of vision, which typically arises on multi-track 
approaches to a station where there are gantry mounted signals.  
In these cases, the SRT provides the driver with extra time to 
correctly identify the target signal.

It is important to understand that adding SRT is not always an 
effective control and that simply adding more time can result 
in a MRD that is either unachievable or unrealistic.  It is always 
preferable to eliminate a factor wherever possible or consider 
alternative options to control it.  For example, where a signal is 
affected by poor background contrast, options include:

• Providing a backboard to increase the display contrast;
• Changing the background;
• Optimising the asset alignment;
• Providing a co-acting signal if the low contrast makes the 

signal difficult to read on parts of the approach. 
An example of a group C factor is ‘Non-preferred asset or display 
position relative to the line’.  Drivers tend to target their visual 
search towards the expected positions for lineside signalling 
assets, which is on the left hand side of the line at about 3.3 m 
above rail level on many GB mainlines.  Assets installed in an 
unusual position may take longer to detect than usual or might 
be missed altogether if the driver is looking elsewhere.  

Many of the compatibility factors were likely to have been 
present at Ladbroke Grove signal SN109 prior to 5th October 
1999, which would nowadays be subject to much more rigorous 
assessment and evaluation by a SSC to confirm that the signal 
was compatible with the train driving task at that location.  

1

1

Diverging route

Principal route

 MRD for main signal = 500 m
(9 s at 200 km/h) 

SARI lit indication 
is readable from 

250 m

 RRD for colour light signal = 650 m

SARI lit indication 
is visible from 

500 m

# RRD for position light 
signal and miniature 

route indication = 100 m

#

Asset element Performance mRD RRD comment

Main aspect only Readable: 800 m 500 m 650 m Visible distance is not relevant because RRD > MRD
650 m provides 11.8 s reading time at 125mph

Main proceed 
aspect + Standard 
Alphanumeric Route 
Indicator (SARI)

Visible: 500 m
Readable: 250 m

250 m  
(or 500m *1) 500m (*1)

Proceed aspect is delayed until the train driver can interpret 
that the MA is for the diverging route.
*1 If there is only one diverging route, the SSC can assess 
the acceptability of presenting the proceed aspect for the 
diverging route when the route indication is visible.

Position Light Signal 
(PLS)

100 m 100 m 100 m Approach controlled at 100 mPLS + Miniature 
Alphanumeric Route 
Indicator (MARI)

Figure 2 – Required readable distance and minimum readable distance for a junction signal with route indicator.
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SIGNAL SIGHTING
Tools, techniques, competence and authorisation
Recent developments in information technology provide an 
opportunity for signal sighting assessment to be completed 
without the risk and costs of arranging trackside access.

Traditional practice for signal sighting assessment typically 
involved a site visit, with the signal sighting committee using 
a mock-up of a signal and a periscope to simulate the train 
driver viewpoint to make a judgement.  In many cases, this 
was sufficient to confirm fitness for purpose but this becomes 
impracticable if many options need to be considered or access to 
the railway cannot be obtained.

These days, more sophisticated methods are available which 
can avoid the need for a site visit and the logistics and safety 
implications involved.  Signal positions can be superimposed 
upon a video showing the view from the driving cab.  If a new 
piece of railway or a substantially changed layout is involved, 
then a simulated picture of the route can be produced upon 
which signal positions are placed.  The level of certainty will 
depend on the sophistication of the video and the accuracy of 
the image in representing the real situation. 

At the other extreme, it might be sufficient to agree signal 
sighting by correspondence, for example, for a new sign where 
no compatibility factors are present.  

In some cases, there might still be circumstances where a site 
visit is necessary but this may be limited to confirming that 
the desktop assessment is valid.  Additionally, cab rides can 
be effective, and these already form part of maintenance and 
inspection processes for existing assets.

Irrespective of the tools and techniques applied to signal 
sighting assessment, the assessment decisions remain with the 
signal sighting committee members and are therefore informed 
and influenced by the competence and experience of the people 
involved.  

Employers are responsible for managing the competence and 
authority to work for all their staff.  For infrastructure managers 
and railway undertakings, this includes authority for certain 
employees to participate in signal sighting assessment activities, 
therefore it is important to understand the roles and contribution 
of the SSC members.

The following SSC roles and responsibilities have been identified:

SSC Chair: Plan, lead and record the assessment 
and facilitate the assessment decision

Network operator:  Provide the competence and 
information about the operational 
context necessary to reach an informed 
assessment decision 

Signal engineer: Provide the technical competence 
and information about the lineside 
signalling system necessary to reach an 
informed assessment decision

Train operator: Provide relevant train driving 
competence, traction knowledge and 
train operating experience 

Station operator: Provide relevant station operations 
competence, knowledge and train 
operating experience 

In addition, SSCs often include additional participants who are 
present to inform the practicalities of implementing a decision, 
for example: structures engineer, electrification engineer and 
telecommunications engineer; however these members inform 
the assessment discussion rather than take the decision.

The assessment plan is the means used to specify an 
assessment that is sufficiently rigorous to evaluate the 
applicability of the compatibility factors and assess their 
impact on signal sighting.   A good assessment seeks to 
predict or recreate the train driver’s experience of the asset in 
the operational context and real environment – to support a 
judgement that the asset will be fit for purpose when placed into 
service.

Current tools and 
methods. 
Left, use of a modern 
periscope.
Top right, Omnicom 
desk-based system. 
Photo Omnicom 
Engineering.

Right, signal sighting 
committee in discussion.
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Display element a2

Display element a1

Centre-line

2100

3300

Structure gauge clearance

Inside edge of left hand running rail

Top of left hand running rail

All dimensions in millimetres
(Not to scale)  

Figure 3 – Example of a reference systems description.

codes of practice and reference systems
Some of the compatibility factors can be eliminated or controlled 
by applying the CSM RA risk acceptance principle: conformity 
of a code of practice and assessment.  The ‘codes of practice’ 
are presented as requirements and are founded on historical GB 
mainline railway practices.  One example is shown below:

Requirement
The most restrictive signal aspect or indication shall meet 
both of the following: 

a) It shall be presented by the display element nearest to the 
centre of the driver’s field of vision. 

b) It shall be positioned so that the centre of the signal 
aspect is no more than 5.1 m above rail level. 

Rationale 
The signal aspect or indication that is the closest to the centre 
of the driver’s field of vision is usually seen more quickly 
and identified more accurately. Therefore it is the easiest to 
read because this is where eyesight sensitivity to contrast is 
highest.  Research has shown that drivers search for signs/
signals towards the centre of their field of vision. As train 
speed increases, drivers demonstrate a tunnel vision effect 
and focus on objects within a field of +8° from the direction 
of travel. 

Some codes of practice are only relevant to specific asset 
types, for example the configuration of splitting distant signals to 
maintain a consistent proportional appearance, which helps with 
interpretation.

Similarly, some of the compatibility factors can be eliminated 
or controlled by applying the CSM RA risk acceptance principle: 
comparison with a reference system and assessment.  These 
’reference systems’ are presented as descriptions of the GB 
mainline railway design applications currently used to control 
risk.  An example reference system for a straight post colour light 
signal positioned on the left hand side of the line is shown in 
Figure 3 below:

A new ‘standard’ for signal sighting assessment
Although the signal sighting assessment process is complex and 
requires specialised expertise, it can be managed in a structured 
way so that decisions are fully supportable in so much as they 
take account of the operational and environmental context 
applicable to the asset being assessed and the operation of the 
train.  This assumes that the SSC members are competent and 
fulfil their responsibility.  Successful realisation of the assessment 
is dependent on cooperation and the availability of good 
information. 

RIS-0737-CCS Signal Sighting Assessment Requirements 
publishes updated requirements, rationale and guidance sixteen 
years after the Ladbroke Grove accident.  

Signal sighting assessment will continue to be necessary for 
as long as train drivers need to read and interpret lineside 
features.  The robust method used to derive the content of this 
new standard should mean that it is suitable and sufficient to 
support the rail industry for many years to come, including for 
cab signalling systems where drivers still need to obtain some 
information from lineside displays and marker boards.  Even 
for fully driverless railways, signs will still need to be sighted for 
degraded mode operation.

Although the new standard has a very different look and feel 
compared with GERT8037, the fundamentals of signal sighting 
assessment remain largely unchanged from the principles set out 
in the Southern Railway document of 1946.  However the capture 
of corporate knowledge means that the standard has grown from 
six pages to a comprehensive document containing 117 pages 
of requirements, rationale and guidance, which describe the 
assessment process, competence, reading time and readable 
distance parameters and configuration of the components that 
constitute a lineside signal, indicator or lineside operational sign.  

What next?
Network Rail and the Train Operating Companies are considering 
how to introduce the new requirements into their safety 
management systems, whilst taking advantage of existing staff 
competencies and authorisations to undertake signal sighting 
assessment activities.

Signal sighting assessment is only one of the tools available to 
signal engineers to be satisfied that “we have not forgotten the 
driver”.  The challenge for the rail industry is to integrate the 
signal sighting assessment process into the overall framework for 
managing change on the railway to gain efficiencies in projects.  

RSSB is completing further work on the requirements for 
lineside signalling systems, which will update the requirements 
for lineside signalling layouts and driveability assessment and 
has been asked by the industry to develop new guidance on 
safe integration of change affecting signalling systems.  This 
guidance will cover the framework of route compatibility and 
risk assessments available to proposers to confirm that planned 
change can be safely integrated into the rest of the railway. 
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LOOKING BACK

Fifty years ago
Stephen Clark

The IRSE aims to be forward looking, but the past can often 
be instructive as well as interesting.  So, as 2016 comes to a 
close, here is a look back to what was happening in the world 
of railways, particularly the IRSE and railway signalling, fifty 
years ago, in 1966.

From the point of view of the IRSE, 1966 was definitely a ‘London 
Transport’ year. The new President who took up office in April 
was Robert Dell OBE, one of a very small number of ‘two-
term’ IRSE Presidents (his previous term of office had been in 
1949).  Robert, through a lifetime career with London Transport, 
introduced a stream of signalling innovations, including the 
remote operation of lever frame interlockings, the automation 
of junction working by the use of ‘Programme Machines’ and 
their supervision from centralised ‘Regulating Rooms’, and the 
development of automatic fare collection.  His name lives on 
through the IRSE, not least because of the Dell Award, presented 
annually under a bequest in his will. It is awarded to a member 
of the Institution employed by London Underground Ltd for 
achievement of a high standard in the science and application of 
railway signalling.

But it was for the signalling of London’s new Tube railway, the 
Victoria Line, that Robert Dell should be principally remembered. 
Not only was this the first new ‘tube’ for 60 years, but its trains 
were to be driven entirely automatically, departing from, driving 
between and arriving at stations with no human intervention 
other than operation of the train doors.  It is what we would now 
call ‘GoA2’ or semi-automatic train operation, where starting 
and stopping is automated but the driver operates the doors, 
drives the train if needed and handles emergencies.  In his 
1966 Presidential Address Robert Dell explored every aspect 
of a completely automated railway; automatically-driven trains: 

signalling operated by 
programme machines; 
operation supervised 
from a centralised 
control office with the 
aid of closed circuit 
television; and, in what 
we now accept without 
a second thought, the 
automatic collection 
of fares and control of 
access to the stations.

Robert Dell’s 
inventive mind had 
been developing the 
idea of automatic train 
operation since the 
late 1950s, and initial 
trials of a prototype 
system were started in 
December 1962 on a 
section of the District 
Line between South 
Ealing and Acton Town. These proved sufficiently successful for 
the system to be fitted to a District Line train which would then, 
in conjunction with equipment on the track between Stamford 
Brook and Ravenscourt Park, permit the train to drive itself 
automatically between these two stations. On 8 April 1963, the 
system was put into use and passengers on an eastbound District 
Line train that morning became (unwittingly) London Transport’s 
first automatically-driven fare-paying passengers.

Once this ‘proof of concept’ stage had been successfully 
completed, the test site moved in 1964 to the more spacious 
facilities of the ‘Hainault Loop’ on the Central Line. Here, a full 
trial of the Victoria Line automatic train control system would take 
place over the next three years with trains driving automatically 
between Woodford and Hainault and calling at the three 
intermediate stations.

Victoria Line interlocking machine rooms saw the use of various types of 
technology, for example electro-pneumatic interlockings cohabiting with 
early safety electronics such as the modulation generator (right).

Robert Dell, President of the IRSE in 1966, 
pioneer of automatic train control and 
architect of the technical solution for the 
Victoria Line.
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The IRSE’s Autumn Technical Visit in October 1966 included 
a visit to the Woodford test site and travelling on an automatic 
train. Other visits over the two days included London Transport’s 
own generating station at Lots Road, the Regulating Room at 
Earls Court from which the largely automatic operation of the 
Piccadilly and District Lines was supervised, and the main line 
signalling installations at Euston and Watford. These had been 
recently implemented using, respectively, the ‘Westpac Mk I’ and 
AEI-GRS Geographical systems of interlocking.

By April 1966, tunnels for the original 10½ miles (16 km) of 
the Victoria Line (between Victoria and Walthamstow) were 
almost completed (the final ‘breakthrough’ came in September) 
and station construction was proceeding. The ‘Oxford Circus 
Umbrella’ – a sectional steel structure that effectively lifted 
one of the busiest road intersections in London a metre in the 
air so that the new Oxford Circus station could be excavated 
underneath - had by then been in position for three years and 
would remain so for another two and a half. The equipping of the 
line with its new signalling and communications systems was now 
going ahead and Victor Smith of London Transport presented his 
paper “Victoria Line Signalling Principles” to the IRSE’s London 
Technical Meeting on 16 November.

This paper explained not only the principles of the Victoria 
Line’s signalling system, but also the operation of the equipment 
in considerable detail. Diagrams were presented showing 
headway curves, the relationship between signals and overlaps, 
the application of ‘moving overlaps’ to automatically-driven 
trains (already employed in conjunction with ‘speed signalling’ 
at locations on other Underground lines where short headways 
were required).  The paper also included circuit diagrams 
demonstrating the selection of the ‘speed codes’ to be fed to 
the track circuits, and in accordance with which a train would 
control its speed. For supervisory elements of the signalling such 
as the Programme Machines and Train Describers, the paper 
included numerous diagrams showing comparisons between 
‘conventional’ relay circuits and the electronic logic being used 
on the Victoria Line.

Other technical papers read at London meetings of the 
Institution in 1966 covered subjects that included technologies 
and philosophies which are still being explored today. For 
example, in January Professor FT Barwell and HH Ogilvy 
from the University of Swansea and the British Railways Board 
presented “Communications and their Effect on Railway 
Operations”. This explored the nature of information that 
needs to be communicated to ensure the safe movement 
of vehicles, and it began by considering autonomous road 
vehicles following one another on a highway. From this starting 
point, the communication requirements for a high-speed 
railway were explored. Experimental systems using radar, radio 
signal propagation from waveguides and on-track loops, and 
balises were described - in fact, all the now familiar features 
of ‘communication based train control’ (CBTC). The paper 
concluded with a consideration of how these technologies could 
be used to implement a system of moving block.

At the March 1966 technical meeting in London, EG Forrest 
from English Electric presented a paper titled “Protection 
Systems for Nuclear Reactors – An Analogy to the Safety Aspects 
of Railway Signalling” in which the author explored parallels 
between the relay circuitry and logic techniques used in nuclear 
power installations and those used to control train movements. 
He also explained the evolution of the Central Electricity 
Generating Board’s (CEGB) system design principles and their 
incorporation into the practices of redundancy and diverse 
monitoring (CEGB was the organisation responsible for the 
bulk supply of electrical energy for England and Wales prior to 
privatisation in 1995).

The IRSE’s 1966 Summer Convention took place in Germany in 
May, based on the cities of Munich and Wiesbaden. Technical 
visits included an inspection of the Automatic Train Control 
signalling being implemented on the line between Munich and 
Augsburg in order to allow operation of express trains at speeds 
up to 200 km/h (125 mph).

In the final technical meeting of the year in London on 
15 December, Gunter Lentz from Siemens presented “The 
Automatic Train Control System for High Speed Trains in 
use on the Deutsche Bundesbahn”. This took a closer look 
at the development of ATC in Germany, which had started 
with the ‘Indusi’ inductive train control system in the 1920s. 
The  Continuous ATC (CATC) system seen on the Convention 
on the Munich to Augsburg line had been designed for high-
speed trains operating over conventionally-signalled lines and 
communicated between trackside and train over a continuous 
inductive loop, allowing the system to be overlaid on the 
existing 140 km/h signalling that would continue to be used by 
conventional traffic.

On the British signalling scene, the year 1966 illustrated well 
the diversity of interlocking technologies in the heyday of the 
‘relay era’.  The last of the ‘Westpac Mk I’ interlockings was 
commissioned at Birmingham New Street in January, and the 
first of its ‘Mk II’ successors, using individual plug-in relays rather 
than the hard-wired and enclosed relays, was brought into use at 
Basingstoke. In April 1966 a new signal box was commissioned 
at Guildford, incorporating a geographical relay interlocking 
manufactured by the Siemens and General Electric Railway 
Signal Company (SGE), another organisation with a long history 
of signalling development and innovation in Britain and which 
would, the following year, merge with AEI-GRS to form AEI-
General Signal, a predecessor of GEC-Alstom.

Major innovations of the 
1960s included the Westpac 
geographical relay interlockings 
– a truly modular design, new to 
the UK railway. Made up of hard-
wired enclosed modules such 
as the points unit (left), major 
applications included Euston in 
north London (below).
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Another major signalling scheme, based on the new power 
signal box at Cardiff, was commissioned in stages between 
March and June 1966, using British Railways Western Region’s 
own ‘E10,000’ type of free-wired relay interlocking in which 
interlocking, control and indication functions were carefully and 
imaginatively divided between the ‘vital’ (using BR Specification 
930 signalling relays) and the ‘non-vital’, for which ‘Post Office’ 
(i.e. telephone exchange type) relays were used. It is worth 
noting that, prior to the advent of BR Solid State Interlocking, the 
‘E10,000’ system was the closest British Railways ever came to a 
‘standardised’ system of interlocking, remaining fundamentally 
unchanged from its first use in a power signal box scheme in 
1960 at Birmingham Snow Hill through to the most recent in the 
early 2000s.

Finally – as an epilogue to the year, we should recall that this 
was 1966, and the shadow of Dr Beeching still hung over Britain’s 
railways, with many railway lines being shut as a consequence 
of his recommendations.  One such line was the former Great 
Central Main Line (GCML) from north of Aylesbury to Rugby, 
closed and abandoned on 3 September 1966, with Rugby 
to Nottingham following in 1969.  The GCML had been the 
brainchild of 19th century railway entrepreneur Edward Watkin, 
who was the former Chairman of the Manchester, Sheffield and 
Lincolnshire Railway, and also of London’s Metropolitan Railway.  
He dreamed of a high-speed main line to London, striking south 
from the MS & L heartland in Nottingham and gaining entry to 
London via the Metropolitan at Aylesbury over a 90-mile stretch 
of completely new railway.  Shades of HS2?

London, however, was not Watkin’s ultimate goal. He was also 
a director of the South Eastern Railway from London to the 
Channel ports of Folkestone and Dover, and of the Chemin de 
Fer du Nord, as well as being director of the company planning 
to building a Channel Tunnel, through which he hoped his trains 
would eventually run to Paris.  The GCML was last main line to 
be built in Britain (it was opened in 1899) until the HS1 link to 
mainland Europe opened in 2007.  It was not only engineered 
and built for sustained high speed running, with no gradients 
steeper than 1 in 176, or curves less than a mile in radius, but 
all the structures were built to ‘Berne gauge’ to allow European-
sized trains to run – the only British domestic main line on which 
this would have been possible.

And so it was, on 3 September 1966 with the closure of the 
GCML, that one man’s dream of through trains from Manchester 
to the Continent was finally extinguished.  But perhaps one day 
we will see his dream realised.

Westpac Mk2 saw a 
move away from the 
elegant, enclosed 
approach of Mk1. This 
was the installation at 
Basingstoke, UK.

INDUSTRY NEWS

Greenbriar Equity acquires Frauscher  
Sensor Technology

AUSTRIA: Wheel detection and axle-counting system supplier 
Frauscher Sensor Technology announced on 24 October that it 
had been acquired by New York-based private equity investor 
Greenbriar Equity Group and its existing management team led 
by CEO Michael Thiel. Terms were not disclosed. 

Greenbriar specialises in investment in the transport sector, and 
Thiel said its “extensive experience and relationships” would 
be “invaluable” as Frauscher expands in North America and 
introduces new technologies. 

Greenbriar Managing Director Michael Weiss said Frauscher 
was a “clear technology and quality leader”, and the investor 
looked forward to supporting the company’s growth. “We are 
particularly excited about Frauscher’s opportunities to leverage 
its differentiated product offering within new and existing 
geographic markets and develop innovative products”, he said.

mipro to provide signalling spares software

[RGI] FINLAND: Transport agency Liikennevirasto has appointed 
Mipro Oy to provide inventory management software to control 
the supply of spare parts for signalling equipment across the 
national rail network. 

Mipro’s cloud-based software will support all maintenance 
organisations and equipment providers under the contract, which 
runs for six years with an optional two-year extension 

“Our approach gives Mipro’s customers great flexibility to 
transform static asset monitoring into real-time events and 
statuses to support new use cases and business needs”, said 
Markus Santanen, Director Services at Mipro on 18 October.

Repoint to be trialled on London Underground

[UK] The Repoint point actuator system which was described in 
detail in IRSE NEWS 224 earlier this year will be installed as a 
pilot on London Underground. A consortium led by Ricardo Rail 
has been chosen to develop the first installation of the system 
developed by Loughborough University.

The consortium, which includes Progress Rail, DEG Signal and 
MPEC Technology, will now move onto the next stages of design, 
build and trial before the first full-scale Repoint installation.

The switch, the development of which has been funded by 
RSSB, uses a unique “lift, hop and drop” mechanism that 
removes the friction experienced by the slide chairs used in 
traditional point machines – resulting in faster operation moving 
a switch in under half a second, as opposed to four seconds for 
traditional designs.
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PROFESSIONAL LIVES

  News from the IRSE
Francis How

3rd Presidential Programme Technical Paper
The third paper in our 2016-17 Presidential Programme series 
will be presented on Tuesday 6 December 2016 at the IET, 
Savoy Place, London, starting at 18.00 (refreshments from 
17.30). The author and presenter is Andreas Steingröver, Senior 
Principal Key Expert Rail Automation Solutions, Siemens AG 
(Germany), and the subject is “Re-signalling the East Rail Line in 
Hong Kong”.  

The East Rail in Hong Kong has the highest, and still 
increasing, patronage among all Hong Kong’s railway lines. The 
deployment of the new CBTC signalling system concentrates 
on delivering final configuration with minimal impact on the 
existing signalling and the operation of the line. This paper 
explores that strategy, the approach to testing, and the system 
architecture.

Company Affiliation Scheme
In October we wrote to all the companies who are members of 
the IRSE Company Affiliation Scheme, informing them that we 
are closing the Scheme down.  This decision has been taken 
by Council in the light of the fact that it currently delivers little 
tangible value to either the IRSE or the member companies.  
We are planning to investigate and consult on the possibility of 
introducing a new Scheme, one which offers greater benefit for 
all participants.

IRSE Proceedings 2015-16
Around this time of year IRSE members would normally 
expect to receive a copy (usually in the form of a CD) of the 
Proceedings of the IRSE for 2015-16.  However, Council 
decided earlier this year that it would be better to provide all 
the material on the IRSE website, which we are planning to do 
in December.  We will notify you when it is available.

A very small number of hardback copies will be produced, to 
be placed in the IRSE office library, the IET library, and in the 
British Library (all in London).

cPD monitoring
From 1 January 2017 the IRSE will, together with other UK-
based Professional Engineering Institutions, start monitoring the 
CPD activities of engineers registered as CEng, IEng or EngTech 
through the IRSE.  This will be done by random sampling of 
CPD records.  We have featured articles in IRSE NEWS earlier 
this year about this change, and what constitutes good CPD 
practice.  We also published a guide to Continuing Professional 
Development earlier this year, which you may find helpful. It 
may be found at http://bit.ly/2dKPAiE.

Professional Development manager
At the end of December Elaine Clark will be retiring from 
her role as the IRSE’s Professional Development Manager.  In 
the year that she has been with us she has achieved a great 
deal, and has been invaluable in supporting the work of the 
Education and Professional Development Committee. We shall 

miss her!  The good news is that in January Judith Ward will 
be joining us as our new Professional Development Manager.  
Judith is a Chartered Engineer, and a signal engineer by 
profession.  She is currently working for Atkins in London, 
managing the development of their signalling resources, which 
makes her eminently well qualified for her role in the IRSE.  
Judith has also served on the IRSE’s Recruitment, Marketing 
and Publicity Committee for several years.  We look forward to 
welcoming her, and there will be more about her in IRSE NEWS 
early in 2017.  

Senior Licensing Administrator
We also welcome Karen Boyd to the IRSE team in London 
as our new Senior Licensing Administrator, working with 
Paula Persson (Licensing Registrar) and Roger Button (Licensing 
Assistant).  Karen has experience in a variety of roles that 
include educational support services, project management and 
quality management.  We are expecting Karen in start work in 
mid-November.

Nominations for council
A reminder that in January corporate members of the IRSE 
(Associate Members, Members and Fellows) will receive an 
invitation to make nominations for the vacancies that will arise 
on the IRSE’s governing Council next April.  The November 
edition of IRSE NEWS featured an article that explained what 
being a member of Council involves.

Beijing convention papers
You can read elsewhere in this edition of IRSE NEWS about 
the Beijing Convention.  All the presentations made at the 
Convention on Tuesday 11 October are now available in English 
on the IRSE website (you will need to log in, then go to the 
Knowledge tab and click on conventions – or go direct to 
http://bit.ly/2dOk9r1).

New IRSE section in china
The IRSE China Section was launched at an inaugural 
ceremony at the start of the IRSE Convention in Beijing, on 
11 October 2016.  Our congratulations to all those who have 
worked so hard over a number of years to bring it about.  This 
is the third Section to be launched in 2016, and brings the total 
number to 19.  We look forward to the China Section playing a 
full role in the work of the IRSE.

ASPEcT 2017: call for Papers
The ASPECT 2017 conference will be taking place in November 
2017 in Singapore.  The call for Papers has now been 
issued, and we are keen to receive proposals for papers to be 
presented at the Conference.  Go to the ASPECT web page,  
www.irse.org/aspect and download a paper submission form. 
Please email this to aspect@irse.org  together with a 500 word 
abstract outlining your topic by 31 January 2017.  The selected 
authors will be notified in April 2017 and will have until June to 
prepare a full paper.

IRSE MATTERS
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convention Sponsors
• China Railways Signals and Telecommunication 

Corporation (CRSC)
• China Academy of Railway Sciences (CARS)
• Beijing Railway Bureau
• Jinan Railway Bureau
• Shandong Jiaotong University
• Third Railway Survey and Design Institute Group 

Corporation
• Beijing Jiaoda Signal Technology Co Ltd
• Hollysys Co Ltd
• Beijing Traffic Control Technology Co Ltd
• Beijing Jaioda Microunion Technology Co Ltd
• Beijinh Jiaxun Feihong Electrical Co Ltd
• Beijing MTR Corporation Ltd (BJMTR)
• Siemens Signalling Company Ltd
• Alstom/CASCO Signal Ltd

Monday 11 October began quietly enough, but by lunchtime 
in China the Great Wall was subjected to a mass invasion by 
the IRSE.  It probably won’t be recorded in the history books, 
but for all who took part (delegates and partners) it was a 
truly memorable occasion.  As someone said, it was one of 
those “pinch me” moments – am I really here, standing on this 
monumental structure?

The visit prefaced the start of the 2016 IRSE Convention in 
Beijing, an event that has been an ambition of a number of 
people in Beijing, Hong Kong and elsewhere for several years.  
As with all Conventions, the official opening of the Convention 
took place on the evening of the first day (11 October), in the 
palatial surroundings of the Shangri La Hotel in north-west 
Beijing.  Our host and lead organiser for the Convention was 
Beijing Jiaotong University (BJTU). ‘Jiaotong’ means ‘transport’ 
or ‘traffic’, and BJTU excels in research relating to rail transport 
in particular.  So it was appropriate that the opening speeches 
and words of welcome were made by Professor Feng Chen 
(Vice-President of BJTU) and Charles Page, our President.  It was 
also an opportunity to thank our many Convention sponsors, 
without whom such a full and wide-ranging programme would 
not have been possible.

Inauguration of the IRSE chinese Section
Traditionally, the first full day of an IRSE Convention is a ‘papers 
day’, during which presentations on a range of topics relevant 
to the week are made. But this was a special day, when we 
officially inaugurated the China Section of the IRSE.  This was 
truly a landmark event, the culmination of much planning and 
hard work.  Professor Ning Bin, the President of BJTU and a 
Fellow of the IRSE since 1992, was the inspiration behind the 
formation of the China Section.  His colleagues, including 
specifically Professor Yinghong Wen with the support of the 
IRSE Hong Kong Section, had been instrumental in making 
it a reality, and this was a day for celebration.  There were 
speeches by Professor Ning Bin (the first chairman of the China 
Section), Charles Page, Professor Fuhai Ma, General Secretary 
of the China Railway Society (to which the IRSE China Section 
is affiliated), Francis How and Pang Kwok Wai (chairman 
of the Hong Kong Section) who presented a silver plate in 
commemoration of the inauguration.

The inauguration of the IRSE Chinese Section. All photos Francis How.

The Great Wall at Badaling, north of Beijing.

IRSE convention 2016 – Beijing
Francis How
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Technical papers
Following the inauguration, no less than 11 papers were 
presented, covering topics that included CTCS (the 
Chinese equivalent of ETCS, which has featured in recent 
editions of IRSE NEWS), Marshalling Yard control systems, 
computer-based interlockings, automated traffic control 
for urban rail, automatic train operation and much more.  
Questions from the delegates included clarification about 
the differences between ETCS and CTCS, developing 
the next generation of train control engineers, GSM-R 
obsolescence, and whether ATO will be used on China’s 
high speed network one day.  The majority of the papers 
were presented in Mandarin, with simultaneous translation 
for the benefit of the English-speaking audience.

During the afternoon session, Professor Clive Roberts 
announced the launch of an MSc in Train Control Systems, 
to be run at the University of Birmingham in the UK, 
starting in September 2017.  This is venture is being 
supported by the IRSE, and it is intended that achieving 
a Diploma or Masters from the course will be regarded as 
equivalent to passing the IRSE Examination.  There will be 
more information about this course available soon.

In the evening all the delegates and partners were taken 
to the Laoshe Tea Room.  You might think a cup of tea at 
the end of the day would not really satisfy appetites – but 
this was no ordinary tea room.  The evening comprised a 
full Chinese dinner, and whilst we ate we enjoyed a variety 
show featuring dance, singing, conjuring, magic and more 
– all in Chinese style.  It was a night to remember, not least 
because somehow our President featured in the magician’s 
act!

The first of the technical visits
Day 3 (12 October) featured technical visits in the morning to an 
equipment room at one of the stations on Beijing metro line 6, 
the control centre of the China Railway Corporation (CRC),  and 
to the China Railway Signal and Communication Corporation’s 
CTCS-3 laboratory.  CRC is the national operator of China’s 
railways (passenger and freight).  CRSC designs and supplies 
most of the CTCS-2 and CTCS-3 systems used on China’s high 
speed rail network.  China’s total rail network comprises about 
121,000 km of track, of which ~20,000 km is high speed (defined 
as having operating speeds of 250 km/h or greater).  The core 

of the high speed network is formed of four north-south lines 
and four east-west lines.  The strategy for continuing growth is 
to double the size of the high speed network.  The scale of the 
operation and the future plans are indeed spectacular. 

In the afternoon we visited Beijing MTR Corporation, which 
operates three of Beijing’s metro lines (lines 4, 14 and the Daxing 
Line), to which will be added line 16 when Phase 1 opens at 
the end of 2016.  We were welcomed by the General Manager, 

Above, delegates at the Day 2 
‘papers meeting’.

Right, Professor Ning Bin 
speaking on Day 2.

The CRC supervisory control centre in Beijing.
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Delegates at Beijing MTR Corporation.

Wilson Chao, who made clear his company’s commitment to the IRSE in 
China, and we then embarked on a tour of the Line 4 maintenance depot. 
We saw trains under maintenance, the back-up control centre systems, 
and the spares warehousing system for the line.  All the lines operated by 
BJMTR feature CBTC with ATO, and it will not be long before we see the 
first driverless subway line in Beijing, with moving block and 90 second 
headways. 

Beijing has the world’s second largest metro network (after Shanghai), 
and the busiest in terms of ridership.  Despite that, it was very obvious to 
delegates from the extensive traffic jams that Beijing has a massive urban 
transport problem, and so there are plans to significantly extend the 
network, possibly doubling it in size to over 1000 km of track.

Experiencing high speed rail
Day 4 began early (very early!), to catch a high speed train from Beijing 
South station to Jinan, a city of 4 million people that is about an hour and 
three quarters’ travelling time south of Beijing.  The first impression of 
high speed rail in China is breath-taking – the cathedral-like dimensions 
of Beijing South station, and the number of high speed trains waiting to 
depart. This is high speed rail on a massive scale.  The route we travelled 
is operated using CTCS-3 (equivalent to ETCS Level 2), and in what 
seemed like no time at all we were whisked south at a speed of 303 km/h 
(as displayed in each carriage!) to the metropolis of Jinan.

     

Above, point machine maintenance outside the BJMTR  
Line 4 depot.

Below, trains waiting to depart at Beijing South station.
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At Jinan we visited Shandong Jiaotong 
University (equivalent to what we might 
regard as a Technical College), which teaches 
and conducts research in transport, as well 
as a range of other subjects. We visited 
the teaching facilities for railway signal 
engineering to see the range of equipment 
available to students, and saw some 
impressive simulation / display systems.

For the last part of our day, before returning 
in the evening to Beijing, we visited the 
Railway Bureau Dispatching and Traffic 
Control Centre at Jinan that covers part of 
the high speed route on which Jinan lies.  
We also were taken into the associated 
equipment rooms, where the control 
hierarchy and system architecture was outline.  
Alas, no photography was permitted, but it 
was well worth visiting. 

Our last day
Our last day (where did the time go?) 
began with a visit to the high speed 
train maintenance depot in Beijing.  The 
maintenance regime for the trains is, 
perhaps not surprisingly, very similar to that 
found in other countries, with five levels of 
maintenance which are related to time and 
mileage.  The depot we visited concentrated 
on the less frequent (but more major) 
servicing programmes, and we are able to 
see whole train sets raised on lifting jacks 
for maintenance.  Through an interpreter we 
gradually managed to understand what work 
is done here, the arrangements for safety 
in the depot, and the various items of train 
control systems mounted on the underframe 
of the leading vehicle.  Then we were taken 
up to see a model of the whole depot, 
illustrating the cycle of activity from train 
arrival through to departure.  From there we 
had views out across the sidings where the 
trains are stabled.   

Arguably the last afternoon of the 
Convention was also the most impressive.  
We were taken to the campus of Beijing 
Jiaotong University to see the development, 
testing and simulation facilities that the 
university uses to support the burgeoning 
rail industry in China.  They undertake a 
wide range of activities, including software 
development, the conformity assessment of 
suppliers’ train control and communications 

Top, teaching facilities at Shandong Jiaotong University.
Above middle, driving cab simulation facilities and above viewing test facilities at BJTU.
Below, trains at Beijing high speed rail maintenance depot.
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systems, assessing the technical interoperability of equipment, 
investigating the optimisation of passenger flows in stations, 
GSM-R and LTE system analysis, RBC testing, safety-critical 
system research – to name just some of them!  There was 
something to interest everyone here, including a whole 
laboratory devoted to human factors, including the use of head-
up displays for train drivers. For many of the delegates, these 
sorts of facilities are things we can only dream of.

Finally, and most impressively of all, we saw the railway 
simulation facility at BJTU, which combines a massive database 
(40 billion terabytes of operational, asset management and 
marketing data for the whole 120,000 km China rail network), a 
simulation platform for train control, and a high speed driving 
cab simulator.  This provides a platform for the comprehensive 
integration testing and simulation of the rail network.

The end
The Convention ended on the evening of Friday 14 October, 
with a gala dinner for the delegates, partners, visit hosts, 
sponsors and student helpers. It was a delightfully informal and 
fitting conclusion to a highly successful week – one in which 
IRSE members had been able to see at first hand some of the 
work under way in China, and to learn about a great deal more.  
Delegates’ partners had been treated to a week of sightseeing 
that included the Forbidden City, the Summer Palace, and the 
Temple of Heaven.

Amongst the delegates were 12 Hewlett-Fisher bursary winners, 
and Rob Taylor-Rose, winner of the first ever IRSE-Signet Award 
for obtaining the highest marks in a single module of the IRSE 
Exam.  This was indeed a marvellous opportunity for young 
engineers to see another country’s railway technology at first 
hand, to learn from more experienced engineers, and to extend 
their network of professional contacts across the 15+ countries 
from whom the ~130 delegates came.  Their participation in, 
and their contribution to the success of, the Convention was 
acknowledged by Charles in his speech.  Their enthusiasm was 
infectious, and you can read in this edition of IRSE NEWS some 
of their reflections on the week.

There are so many people to thank for making this event 
possible, and Charles expressed the IRSE’s gratitude in his 
closing remarks at the gala dinner.  We are indebted to BJTU as 
our host organisers, and in particular to Professor Ning Bin for 
making it happen, and Professor Yinghong Wen for her tireless 
work in arranging the programme.  Over 20 students from 
BJTU worked long hours all week to escort us on the technical 
visits, cheerily waving their placards to keep us in order and 
on schedule – thank you to all of them.  And finally our thanks 
to Ian Harman and David Street in the UK who also worked 
endlessly and tirelessly in the months before the Convention (and 
behind the scenes during the event).  This is the IRSE at its best!

Inside the high speed rail driving cab simulator at BJTU. One of the student leaders who led our visits.

Next year…
As is traditional, at the end of the Convention dinner we 
were told of the poorly kept secret about the location of next 
year’s Convention.  Rob Burkhardt, member of the organising 
Committee for 2017 (and a Council member) gave us the news 
that in September 2017 the IRSE Convention will be in Dallas/
Fort Worth.  You can read all about it in last month’s edition of 
IRSE NEWS or at http://bit.ly/2cKEn4A – and we hope that 
you will seriously consider joining us for what promises to be 
a Convention every bit as good as Beijing was – albeit very 
different!
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North American Section

IRSECON17

Howdy Y’all!
ARE YOU READY FOR SOmETHING BIG?!?Welcome to Dallas, where BIG things happen, in the middle of a BIG country. Bring your cowboy boots and hat 

as the IRSE North American Section welcomes you to join 
us in the Lone Star State of Texas, 25-29 September, 2017 
for the IRSE 2017 International Convention which will be 
held in the Dallas/Fort Worth area. From railroads, to BBQ 
to Tex-Mex, it’s all bigger here!
Made up of two major cities, it is the economic and cultural hub of the region commonly called North Texas or 

North Central Texas and is the largest inland metropolitan 
area in the United States. The region also serves as a major 
hub for the Union Pacific and BNSF freight railroads serving 
the US economy.
Dallas is the third-largest city in the state of Texas and the 

ninth-largest in the United States. The city covers almost 
400 square miles (1,000 km2) and a population exceeding 
1.3 million. The city is the main cultural and economic center of the 12-county Dallas/Fort Worth metropolitan 
area – at more than 7 million people, it is the eighth-largest 
metropolitan area in the United States.
The Dallas/Fort Worth International Airport (DFW), located between the cities of Dallas and Fort Worth, is the largest and busiest airport in the state of Texas. At 100 km2 (39 sq mi) of total land area, DFW is the second-

largest airport in the country and sixth-largest in the world. 
American Airlines, based in Fort Worth, is the major carrier 
on routes to and from DFW, with direct flights available 
from London, Paris, Tokyo and Sydney. The Convention 
hotel – Dallas/Fort Worth Hilton Lakes  (http://bit.ly/2dfCXBq) , is very conveniently located with 
a free 24-hour shuttle service to and from the airport. 

What to expect
Delegates will have a full day of presentations both related to 
the technical site visits and from the IRSE’s International Technical 
Committee.   Site visits later in the week include the BNSF Railway, the 
Dallas Area Rapid Transit (DART), the Trinity Railway Express (TRE), the 
Denton County Transportation Authority (DCTA) and the General Electric 
(GE) locomotive manufacturing facility in Alliance, Texas.  These visits 
will showcase Light Rail Transit (LRT), freight and commuter lines, with 
opportunities to experience wayside signaling and Positive Train Control 
(PTC) installations, highway crossing warning systems at BNSF, E-ATC 
type PTC at DCTA, PTC installation and shops at TRE and on board PTC 
and locomotive manufacturing at GE. 
For more information on the technical presentations and the site visits 

as they come to hand, please visit the Conference Program page on 
the conference website (http://bit.ly/2cKEn4A). As always at this early 
stage these details are subject to change.For guests, the currently planned itinerary includes visits to the 
historical parts of the Dallas/Fort Worth area including the Fort Worth 
Arboretum, the George W Bush Presidential Library and of course 
an opportunity to do some shopping.  Plans for both members and 
guests include travel to Fort Worth via the Grapevine Vintage Railroad, 
the historic Fort Worth Stockyards and the Sixth Floor JFK Museum 
at Dealey Plaza. Needless to say, no visit to Dallas/Fort Worth would 
be complete without sampling the local cuisine such as Texas-style 
barbecue, Mexican and steak.   
When is this happening?IRSECON17 is at the end of September, when the northern hemisphere 
‘Fall’, marks a sweet spot for this area. It’s the best time to visit Dallas/
Fort Worth as temperatures aren’t overwhelmingly hot, the tourist traffic 
has died down and the Texas State Fair will be in full swing, the week 
after the convention.
For those people who wish to attend the AREMA/Railway Interchange 

Exhibition 2017, it is on the week before the Convention, 17-20 
September in Indianapolis, IN. Interchange is the largest combined 
railway exhibition and technical conference in North America 
showcasing exhibits from more than 600 suppliers from all areas of the 
rail industry, with opportunity to attend technical presentations and 
educational sessions. More information at  www.railwayinterchange.org. NOTE: there is a fee to attend.

All the presentations made at the Beijing Convention on 
Tuesday 11 October are now available in English on the IRSE 
website (you will need to log in, then go to the Knowledge tab 
and click on conventions – or go direct to  
http://bit.ly/2dOk9r1).
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Beijing 2016 – The bursary winners’ view

12 deserving young engineers were this year’s recipients of 
Hewlett-Fisher bursaries, providing financial help to allow them 
to experience the international technical convention.

The winners were Hiral Patel and Qian Zheng from Australia, 
Emylia Kamaruzaman from Malaysia, Tom Jansen from the 
Netherlands, Xiaolu Rao from Switzerland, Sudhir Prabhu, 
Antonio Bravo Vera, Sachin Singh and Ayo Obitayo from 
the UK, Claire Burkhardt from the USA, Nikesh Hargoon and 
Portia Xaba from South Africa.

IRSE NEWS asked some of them to share some of their 
impressions - and some of their photographs - from the trip.

TomSachinQian Sudhir

Emylia Hiral NikeshAyomide ClaireAntonio

Portia
Xiaolu

Why did you apply for a bursary?
Hiral: To gain understanding of and experience the 
Communication based train control system technology in service 
on the Beijing Subway lines. 
Antonio: I think these type of conventions help both the 
employee and the company to a greater or lesser extent, stay 
ahead of the change. This is crucial in a industry that is advancing 
by leaps and bounds towards digitalisation.
Ayo: I was happy to learn that the IRSE provided an opportunity 
to help younger members attend conventions through the 
bursary. This seemed to me a great opportunity that I knew 
would benefit me both professionally and personally. 

Sachin: The urge to learn about railway technologies other 
than the ones I was working on and the positive feedback from 
my friends/colleagues who attended the previous conventions 
motivated me to apply for the bursary for 2016.

What were the highlights of the convention for you?
Qian: The visits to Beijing Jiaotong University and its research 
centres. The ergonomic research lab is developing a new 
driver machine interface screen which was inspired by the jet 
fighter equipment. This screen displays the critical train driving 
information at eye level so that the train drivers only need to look 
to the front instead of looking down.
claire: Visiting Beijing Metro. As a design engineer for a small 
firm, I spend most of my time studying plans and thinking in the 
theoretical. It was a special experience to see the equipment in 
person and flesh out what I usually only see on paper. 
Sudhir: I enjoyed everything from the Day 1 to the finish. Right 
from the trip to the one of the Seven Wonders of the World (The 
Great Wall), to the visits to various depots and the Universities 
which focus on education on railways. The highlight for me would 
be the high speed train journey from Beijing to Jinan. I was 
overjoyed and loved the entire journey at 300 km/h.

What surprised you most about attending the 
convention?
Portia: It was so amazing how the IRSE international leadership 
(the President, the CEO and committee members) was so 
accessible and open to networking with us as younger members. 
Xiaolu: Lovely volunteers. They supported the whole 
organisation smoothly and were very friendly. 
claire: I was really surprised to learn about how advanced and 
streamlined China’s train system is. Having one governing body 
for the whole country has allowed them to create the most 
advanced, far-reaching high-speed system in the world. And 
their railway education programs are well-funded and far more 
advanced than anything we have in the USA. 
Antonio: The huge importance the IRSE has all over the world. 
All local organisations tried to make us feel comfortable and 
welcome and all times, and definitely they did.  
Sachin: It was surprising and exciting at the same time to visit the 
state of the art laboratories in the Shandong and Beijing Jiaotong 
Universities. The infrastructure and platform provided to the 
students to learn about railway signalling technologies was quite 
impressive as it shows why the rail network in China is one of the 
best in the world.

Were you welcomed by other members, some of whom 
may have been to many conventions before?
claire: I was most definitely welcomed by other members. 
Overall, it’s an incredibly friendly group full of people who not 
only want to learn about railways in other countries, but also 
about the cultural differences. One of the best parts of the 
convention was learning about each other on our bus rides to the 
various site visits.
Antonio: Yes, definitely I did. Not only I felt welcome at all times, 
I think there was a general effort to make us feel comfortable, by 
engaging us in all sorts of conversations and take active part in 
the activities.
Sudhir: During the entire tenure of the convention, we had 
various opportunities to network and speak to other members 
who had been a part of the previous conventions. It was a 
pleasure meeting them and they shared their experiences about 
conventions that they were a part of earlier.
Emylia: Yes, I have been basically welcomed by everybody and 
most of them were very knowledgeable in railway signalling. 
All of them eagerly share their experience as signalling experts 
and inspire me to involve more on understanding the signalling 
design and principles.
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Did you find major differences between the technology 
used in china and that you use at home?
Sudhir: Definitely yes! I think the Chinese Railways use one of 
the more superior technologies in the world including the CTCS 
Level 3 (equivalent to ETCS Level 2 in the EU) on 19,000 km of 
their high speed lines.

Ayo: As a telecoms engineer, it was also interesting to see a lot 
of radio infrastructure on the high speed lines and the different 
passenger information display systems used on the metros.

Xiaolu: Yes, of course. China is huge, so its main interests are on 
the high speed trains to have a short travel time between major 
cities and the expansion of high-speed networks.

Would you recommend attending future conventions 
to your friends and colleagues?
Qian: Yes, definitely. I will also encourage younger members to 
apply for the bursary to future conventions.

Portia: I would definitely recommend the convention, with no 
doubt.  The experience gained cuts across technology, culture, 
touring and has been very instrumental in broadening my outlook 
when it comes to railway signalling and the railway industry, in 
general. 

Hiral: I would highly recommend attending future IRSE 
International Conventions to my friends and colleagues. These 
events provide a great insight into railway systems of the hosting 
country as well as a great platform for information exchange and 
lessons learnt from other international railway projects.

Nikesh: Without a doubt I most certainly would! It helped me to 
look outside the so called “South African bubble” of signalling 
and railway environment

If you were to set up a future convention, what lessons 
would you learn from Beijing 2016?
claire: That we should never skip a scheduled coffee break and 
more time should be given at the hotel between events. Also, 
encourage everyone to bring comfortable shoes and lots of 
them- there’s a lot of standing and walking involved, leading to 
sore feet by the end.

Hiral: The Beijing 2016 convention was very well organised 
and the hospitality of the organisers  was impeccable. One of 
the lessons learnt at this convention was aiming to mitigating 
the language barrier and administering the information being 
translated. I believe some information was lost in translation and 
that created some gaps in my understanding of some of the 
topics.

Sachin: Apart from the technical aspects of the event, non-
technical side like the timely completion of every event, the flow 
of events throughout the week, youngsters who volunteered and 
steered the convention smoothly from day 1 to day 5 gives many 
positive lessons to learn and adapt if we are setting up a future 
convention.

Emylia: I learned that the best way to learn is from experience.

Is there one thing you will do differently in your day 
job having attended the convention?
Hiral: I would most definitely consider the technology advances 
that China have trialled and successfully proven on ongoing 
project delivery in my current job.

Sudhir: I believe that the willingness to adopt and use the latest 
technologies are more prevalent in China in comparison to the 
UK railways and my perception is that when I do start working I 
will encourage my fellow workers to be more open to new ideas.

Xiaolu: To broaden my horizons to other railway aspects (not only 
signalling), such as locomotives, maintenance, etc. 

Ayo: Keep up to date with technology developments. 
Sometimes we focus only on the projects and politics in our 
areas and underestimate how much we could learn from the 
developments and practices in other parts of the world.

Nikesh: I was very impressed at the high work ethic and no 
nonsense approach taken by the Chinese Railway. Also, it was 
very visible at everyone feels that they have an important part to 
play in the safe movement of trains.
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MALAYSIAN SECTION
Technical paper and bowling championship

Wong Zan Yi

The first ever Bowling Championship for the Malaysian Section 
took place on 31 March 2016 in Black Bull in Mid Valley, Kuala 
Lumpur, and was attended by almost 70 participants. Ten 
teams were competing for the grand prize of a trip to the IRSE 
Presentation in Singapore worth MYR 5000. The team from 
Ansaldo STS emerged as Champions with the highest team score 
of 593. The winning team included Thanesh Arumugam, Syed 
Azman Syed Abdul Rahman, Lim Hung Yong, Wong Zan Yi and 
Muhammad Fikri Othman.

The team of five representing the Malaysian Section also 
attended the presentation organised by IRSE Singapore 
Section. The presentation entitled “Faults and Failures in 
Railway Signalling Systems” was presented by Martin White on 
19 September 2016 at LTA HSO Auditorium, Singapore. The 
presentation described various examples of faults in signalling 
systems and how these can in the worst case result in wrong side 
failures, leading to collisions between trains. The methods of 
protection against such faults were described.

The victorious bowling team attending the IRSE presentation in 
Singapore. From left to right, From left, Muhammad Fikri Othman, 
Wong Zan Yi, Martin White, Syed Azman Syed Abdul Rahman, Lim Hung 
Yong and Thanesh Arumugam.

SWISS SECTION
Autumn meeting, 21 September 2016

Berlin: always worth a visit
Brian Smith IEng mIET FIRSE

IRSE SWISS SECTION

Such is the message given to all who pass the windows of the 
German Tourist Board in Zürich’s Freischützgasse, a street which 
could easily be used by the Signalling Technician when walking 
from the Hauptbahnhof (Main Station) to the Zentralstellwerk 
(Central Interlocking), had he inconveniently forgotten his High 
Visibility Vest!

For the Members of the IRSE the value of a visit to Berlin in 
September of any even numbered year is particularly increased 
by the ability to attend the InnoTrans Trade Fair and this year 
some 27 members of the Swiss Section did just that!

For four days this exhibition totally eclipses Berlin’s 900 years 
of social, cultural and political history and enables the total 
immersion in all that is current and new about Public Transport, 
Railways and not least, Signalling. Of course, all great Fairs and 
Festivals have their ‘Fringe Events’, and the most important 
of these at InnoTrans 2016 was undoubtedly the IRSE Swiss 
Section’s “Double-D-Evening” held at the Altes Zollhaus (Old 
Customs House) which is situated on Berlin’s Landwehr Canal. 
(An alternative form of public transport built at the same time as 
Berlin’s railway network was developing.)

Daniel Pixley, the Swiss Section Chairman, was able to welcome 
twenty one Section Members and two guests, one ‘Berliner’, 
the other from Mexico, to the meeting. Held at the end of the 
second day of the Trade Fair those present at our event were 
able to do justice to the ‘Double-D’ purpose of the meeting, 
having already gained enough new impressions to stimulate 
the ‘Discussion’ and having walked far enough in the extensive 
exhibition grounds to do justice to the ‘Dinner’!

Despite being at InnoTrans five Section Members were 
unfortunately obliged to offer their apologies due to 
commitments to other ‘Fringe Events’ on the same evening.
Our meeting being primarily of a social nature, there were no 

formal presentations to report about and it’s not the intention 
here to give a report about InnoTrans itself, this being well 
documented in many other publications and ‘on-line’. However, 
notwithstanding much discussion among those present about 
developments in CBTC, ETCS equipment, Track Vacancy Proving 
and Network Control, three things that our members found 
interesting, if not surprising were:

• Relays are certainly not dead yet, interesting new types 
being on show;

• A fibre optic carrying no data may be just as useful to the 
Signal Engineer as one carrying data;

• Many new trains were on show, but the longest queue was 
for ‘Emma’, a steam locomotive!

For those intrigued by the above, use of ‘The Google’ should 
clarify the first two points but readers requiring explanation of 
the third point can only be advised to consult their more learned 
colleagues!
Dinner, using local produce in traditional Berlin recipes, was 

also excellent. The five courses included both perch and duck, 
perhaps to demonstrate that despite the early loss to the railways 
of the canal’s commercial traffic; it is still far from redundant 
today.
Yes, Berlin is worth a visit, so even if you were there this time, 

plan now for 2018, but only if you make sure you visit the IRSE in 
Switzerland in 2018 as well!



IRSE NEWS |  ISSUE 228  |  DEcEmBER 201632

MIDLANDS & NORTH WESTERN SECTION
Technical paper: Borders Railway

Report by Paul Darlington

The Midland & North Western Section held their second talk of 
2016-17 session in Derby and were delighted to welcome Andy 
Munro of Siemens Rail Automation, who had travelled down from 
Scotland to talk about Borders Railway. 

Andy opened the evening by explaining that The Waverley 
Route was a 98 mile (160 km), 25 station, railway line that ran 
south from Edinburgh, through Midlothian and the Scottish 
Borders, to Carlisle. The line was closed in 1969, as a result of the 
Beeching Report and was controversial as it left the area as one 
of the most disconnected rail regions in Britain. After its closure 
the route was not protected and so bridges were demolished and 
new roads, services and buildings encroached the railway.

In June 2006 after a very long campaign, the Waverley Railway 
(Scotland) Act was passed by the Scottish Parliament. The Act 
authorised the construction of over 31 miles (50 km) of new track 
from Newcraighall to Tweedbank via Galashiels. The reopened 
railway would be known as the Borders Railway.

Preparatory works were formally initiated in March 2007 
and it was envisaged that the main construction works would 
commence in 2011 with services in 2013. However, problems 
in the tendering procedure resulted in its cancellation in 2011 
with the project being handed over to Network Rail. Works 
were initiated in November 2012 with BAM Nuttall appointed 
the following month as the main contractor. Tracklaying was 
completed in February 2015 and services commenced on 6 
September 2015.

The route line is predominantly single line with three passing 
loops serving seven stations and no level crossings. The 
signalling is simple and consists of a number of islands of 
similar design to control entry and exit into the loops. Passive 
provision has been made for overhead line electric traction to 
be added later and while freight services were considered in the 
development stages, these were not progressed. The signalling 
engineering development was undertaken by Atkins, with 
detailed design and implementation by Siemens. Galashiels is 
the more logical place for a turn back, however developments in 
the town since the railway closed prevented the reinstatement of 
the required infrastructure, so the line extends to Tweedbank. 

The two aspect LED signalling in controlled from workstation 2 
at Edinburgh IECC with alterations to existing Millerhill SSI and 
a new Borders SSI interlocking. Data and voice communications 
is via a fibre optic cable down both sides of the line to provide 
diversity. A multi-drop TCP/IP architecture has been used, which 
is an ideal solution for such a line. This was one of the first such 
uses of the NR FTNx multi-protocol layer switching (MPLS) 
internet protocol (IP) network. The fibres are installed in a blown 
fibre buried cable route, although there were some problems 
with poor installation of the route that prevented the fibres 
being blown through. The network carries SSI, axle counter data 
together with GSM-R links and voice over IP (VoIP) for the SPTs. 
The use of VoIP for operational voice telephony was another first 
for GB rail.

The Siemens Clearguard (ACM100) Axle Counters have been 
used throughout the scheme and 33 distribution network 
operator (DNO) supplies have been provided along with 
650V distribution. Standby generators were provided, but 
uninterruptible power supplies (UPSs) were not included as a 
saving and to assist in making it a low maintenance route. It takes 
30/40s for the generators to take over in the event of a DNO 

outage and there have been several power outages during the 
last year. Train detection however is provided with its own UPS.

14 GSM-R sites were provided to provide emergency voice 
communications and at the stations a total of 266 CCTV cameras 
and 100 PA speakers, along with ticket machines and help points, 
provide customers with the facilities expected for a modern 
railway.   

Poor punctuality has also been attributed to high passenger 
demand increasing the station dwell time along with train 
faults and train crew issues. A different design of rolling stock is 
planned with better access which will improve the station dwell 
times.

Lessons learned with 12 months experience include that the 
equipment should have had a better soak test (i.e. one not 
skewed by multiple engineering train/trolley movements). The 
axle counters have failed a number of times during the last year, 
however it was identified that the required 6 monthly calibrations 
had not been incorporated within the maintenance regime, so 
while this will be a maintenance overhead it should improve 
reliability.

As recently as 2013 there was a study predicting that the 
scheme could be a ‘white elephant’ and waste of money. 
However just three years later the scheme is a huge success, with 
passenger numbers 22% greater than expected and with car 
parks full to capacity. Local businesses report soaring profits and 
a local tourist attraction has increased sales by 12%. The journey 
time by road from Galashiels to Edinburgh is 70 minutes by car 
and 104 minutes by bus, however the train takes 50 minutes with 
a line speed of 90 mph (140 km/h). Reopening the line as far as 
Carlisle has not been ruled out by the Scottish Government.

The discussion and questions after the paper included how 
difficult it was to foresee the popularity of the scheme, and how 
much more flexible and resilient it could have been designed 
had additional budget been provided. However, projects can 
only provide what they are budgeted for and the engineering 
challenge is always to do more with less. 

The M&NW Section would like to thank Andy for his very 
interesting talk and Signet Solutions for providing the facilities for 
the meeting.

Green light for the first train to travel on the Borders Route 
for 46 years. Photo Richard A Cooper.
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RE: Systems engineering 
The article “Seven Myths of Railway System Engineering” 
provides good insights into the realms of System Engineering 
and it’s applicability to the Railways/Metros. It is appreciable to 
note how System Engineering can learn from the complexities 
and uniqueness of Railway Projects, specifically in how interfaces 
are managed between different subsystems by Railways which 
has been pointed out by the writers. 

While the seven myths about System Engineering have been 
put to rest satisfactorily, it would be really helpful if the vastly 
experienced team of writers from University of Birmingham along 
with Bruce Elliot may elucidate with some specific examples of 
those good practices of System Engineering that have been 
proven in other sectors like Defence or Aviation, which may 
be applied to address issues which are challenging for Railway 
projects/Metros. 

Hopefully, this may encourage the team to write further articles 
on the science of System Engineering for the inquisitive readers 
of IRSE NEWS across the world.

Nikhil Swami
chairman Ym chapter, IRSE India Section 

Executive Engineer (S&T),  Kolkata metro Rail corporation Ltd

FEEDBACK ON THE MOVE
Linbrooke appoints a new Director Signalling
Pete Coleman has recently 
joined the Linbrooke team 
as Director Signalling. Pete 
began his career in 1991 
as a Trainee Technician for 
British Rail, progressing on 
to become eventually a 
Signalling Project Engineer 
and CRE in 2004.  Leaving 
Jarvis Rail in 2008, Pete 
joined TICS (Global) Ltd as 
a Contracts Manager where 
he was responsible for all 
tender management and 
contract review, and became the General Manager for TICS in 
2012 before taking on the role of Operations Director, overseeing 
the day to day management of the signalling business.  Moving 
to Linbrooke this year as our Head of Signalling, Pete brings 
added strength to the Linbrooke management team.

PAST LIVES
Franco Fabbian 1949-2016
Franco Fabbian died, aged 67 on 16 October 2016, from cancer 
after a short illness.

It is not easy to portray the exciting and colourful life that 
Franco led in a written document, but I will try. This information 
has been gathered from a number of Franco’s close friends.

Franco was born in Italy on 26 July 1949 and moved early 
in his life to Australia. By 1976, having moved from the lift 
industry where he started his career, he was working with 
GEC at Borehamwood on the Edinburgh resignalling project, 
and then in 1978 he went to work for Westinghouse Signals 
in Australia, working on the Sydney & Strathfield New South 
Wales resignalling projects. He then transferred to GEC Projects 
working on a number of projects for NSW and Queensland 
Rail too. In 1985 in joined the Singapore Mass Rapid Transit 
Corporation as the Resident Engineers representative for 
signalling and platform screen doors. From there, in 1989, 
he was recruited by MTR in Hong Kong working initially as a 
maintenance engineer, but by 1994, he had moved across into 
new works as the MTR Project Manager for the ATP replacement 
and Airport Railway Signalling contracts. In 1999 he became the 
Operations Engineering Services Manager, responsible for rail 
systems engineering for the MTR railway in Hong Kong. He left 
MTR in 2008 and joined GE Transportation Systems in Florence, 
Italy as the Managing Director for their European activities, 
retiring at the end of 2013.

Franco joined the IRSE as a Student in 1976, transferred to 
Associate in 1979, became a Member in 1991 and was elected 
Fellow in 1997. He was a good supporter of Institution activities, 
particularly during his time in Hong Kong both with the Local 
Section there and helping facilitate the visits of IRSE Presidents 
to Hong Kong and with arrangements for the International 
Convention held there in 2000. He facilitated the technical visit to 
Florence and Bologna in June 2011.

At a more personal level, words almost fail to describe Franco. 
Perhaps the only signal engineer to be known throughout the 
world by his first name, he lived life to the full. His language 
was always colourful, and he threw himself into every activity 
he did, whether at work or at play, with enthusiasm and gusto. 
He enjoyed rugby, motor cycling, music and diving, as well of 
course, as eating and drinking, and he was a good friend and 
colleague to many engineers throughout the world. He was a 
strong family man, with fantastic support from his wife Ingrid, 
and his three sons. My own favourite recollection was travelling 
with Franco on the MTR Junk across a fairly choppy Hong Kong 
harbour in 2004, having had a few drinks both before and during 
the trip, with colleagues from Lloyd’s Register – a good time was 
had by all.

Perhaps there is no finer epitaph for Franco than one from his 
former colleagues in GE, where it was said that Franco put the 
”F” into signalling! He will be sorely missed by all.

Colin Porter

Ingrid and Franco Fabbian during the technical visit to Florence,  
June 2011.
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YORK SECTION 2017 ANNUAL DINNER

The 2017 Dinner will be the 59th Annual Dinner and will 
be held on Friday 10 march 2017 at the National Railway 
Museum, York. The reception will be at 19.00 hours for dinner 
at 19.30 hours. The National Railway Museum is of course 
an exciting and iconic venue with obvious links to the railway 
industry and a great reputation for catering for functions in an 
atmospheric setting. There will be a prize draw with the profits 
going to the Railway Children charity, once again.

As ever, we would like to invite all IRSE and industry 
members, their partners, friends and guests to join us for what 
is always a very enjoyable and informal evening.

The cost of attending will be £42 per person, a small increase 
on the price sustained for several years.  The move to the 

National Railway Museum is only possible thanks to generous 
sponsorship by Siemens Rail Automation. For groups, tables 
will be arranged to seat 10 people. It is hoped that corporate 
tables will invite wives, husbands, partners, friends etc. as well 
as industry members.

The National Railway Museum is close to York Railway Station 
and free parking is available for attendees. There is a wide 
range of hotels within easy reach. Bookings can be made via 
www.visityork.org/book or any major booking agency.

If you would like to attend, please complete the application 
form below and send it along with your remittance to the 
Dinner Secretary or contact the Dinner Secretary direct by 
e-mail.

Please note that this will be the only notice for this event and no other separate advice  
will be sent to members.

" ""

Photocopies of this form are acceptable

To: I T Moore

IRSE (York Section)

57 Green Dike

Wigginton

YORK

YO32 2WY          United Kingdom

From:

Email:

Tel +44 (0) 1904 761944

Email ianmooreirse@hotmail.co.uk

I would like to reserve _____ places at the 2017 Dinner and will be accompanied by 

(please give title, first name and surname of those wishing to attend if known)                                                     

and I would like _____ vegetarian meal(s). 

Please note that dining will be at tables of 10 although smaller groups and individuals can of course be 
accommodated.

If possible I/we would like to be seated with:  ______________________                                                

I enclose remittance of £ _______  (cheques must be made payable to “IRSE York Section”). 

Signature  ______________________________________ 


