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Late October 2015 saw the opening of the UK’s new National Training Academy for 
Rail (NTAR), an industry-wide initiative to enhance the capability that the UK industry 
needs if it is to maintain and upgrade its railway network.  Over the coming months 
and years this stunning facility at Northampton will be at the centre of efforts to build 
up the workforce that is needed for the period of rapid change and expansion that 
faces the industry in the UK.

Reflecting on the articles that we have published in IRSE NEWS throughout 2015, it is 
clear that countries across the world have faced similar issues of a near-perfect storm 
of workforce resource issues, changes in stakeholder expectations and challenging 
economic conditions.  They have tackled these in a number of different ways, for 
example the innovative use of technology or the application of novel programme 
management techniques.  It is to be hoped that the lessons learnt and progress 
made by IRSE members on all continents can help others to ensure that our industry 
continues to develop to support the needs of the travelling population and freight 
carriers globally.

How about telling the rest of the global industry about your triumphs and successes 
regarding training and development in your organisation?  Please feel free to contact 
one of the editorial team (details provided to the left of this article) in order to provide 
your article for IRSE NEWS.

We would like to wish all our readers a successful and prosperous New Year, and 
we look forward to receiving your articles and news of continuing success across the 
railway signalling, telecommunications and control industry throughout 2016.

The Editorial Team
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Systems engineering framework for railway 
control and safety systems
Karl M King MIRSE MEng (Hons) CEng MIET MINCOSE MIEEE
Head of Train Control Systems Technology, Mott MacDonald 
and Part-time PhD Student, University of Birmingham

This paper is based on a presentation given at  the fourth 
annual conference of the Rail Research UK Association, held on 
5 November 2015 at King’s Place, London. The Association is a 
partnership between the British rail industry and UK universities. 
Established in 2010, it seeks to enhance already strong 
collaborative relationships between academia and the railway 
industry, with the goal of finding solutions to some of the most 
pressing challenges being faced on the railways today.

INTRODUCTION
Traditional railway signalling systems have been based around 
fixed block train separation and physical signals located in 
the driver’s sightline so as to control the movement of trains 
and ensure collision avoidance.  Historically this has led to a 
segregation of both the functionality and the development of 
sub-systems such as signalling, rolling stock and control centres, 
with each of these following very narrow, sequential and design-
based approaches in their development and delivery. 

Recent developments on Radio-Based Train Control (RBTC) 
systems — including the European Rail Traffic Management 
System (ERTMS) for main line application and Communications-
Based Train Control (CBTC) systems for metro lines — have 
resulted in more complex systems, with greater numbers of 
sub-system interactions as movement authorities are transmitted 
over a wireless communications channel between the protection 
system and the train.  This has led to a requirement for a more 
systems engineering-based approach to the development and 
deployment of these complete systems. 

At times the railway industry has struggled to embrace systems 
engineering, as it is perceived to run counter to the safety-
focused, design-based approach that rightfully enjoys a high 
status within the industry.  Many engineers in the industry who 
are familiar with the traditional design-based approach also 
struggle to relate the new systems to the traditional principles 
that they are used to.  With the change to these systems also 
comes a change in the way in which the industry must develop 
and deliver what were traditionally ‘signalling’ projects. 

The industry must move away from what has traditionally been 
a very process-driven design to a systematic one that delivers 
functionality across a series of sub-systems. 

This paper proposes a systematic approach to train control 
system development, based on a simple functional model that 
can be applied to all types of train control systems. 

If we look at Network Rail’s current initiatives for future major 
train control systems, we see that they are actively pursuing three 
major programmes:

• Traffic Management System (TMS)
• European Train Control System (ETCS)
• Driver Advisory System (DAS)

These programmes are pretty much being run in isolation from 
each other,  even though there are clear links between all three:

• Both ETCS and DAS are providing a Driver Machine Interface 
(DMI).  Do we really need two?

• ETCS must interface to TMS in order to receive its movement 
authority. 

• DAS must interface to TMS in order to provide the driver with 
up-to-date optimized information for driving. 

There is therefore a risk of the separate programmes duplicating 
effort and producing the same outputs or even worse, conflicting 
interfaces:

It is therefore vital that we should view the complete railway 
control and safety system as exactly that — a system. Then 
we can develop a framework that can be understood by all 
members of the industry so that everyone knows where their 
responsibilities begin and end. 

SYSTEM LIFECYCLE 
In terms of fundamental system engineering, Faulconbridge & 
Ryan [2014] define four recognised main stages of the systems 
engineering lifecycle as:

• Pre-acquisition;
• Acquisition;
• Utilisation;
• Retirement.

This research predominantly covers the Acquisition and Utilisation 
phases of train control system projects. Faulconbridge & Ryan 
describe the breakdown of that as shown in Figure 2 opposite. 

The main activities associated with the Acquisition Phase and 
their associated major milestones and outputs are defined by 
Faulconbridge & Ryan in Figure 3 opposite.

It has been defined that there are three key components to 
successful project development and delivery:

1. Process;
2. System;
3. People.

TMS

ETCS DAS

Figure 1 — The complex relationship between ETCS, TMS and DAS.

SYSTEMS ENGINEERING FRAMEWORK
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It is only when all three of these components are developed 
and aligned correctly that a project is developed and delivered 
successfully. This is represented graphically in Figure 4.

The remainder of this section will discuss the process required 
to develop and deliver railway control systems (RCS).  First we 
shall look into how a system is developed and which approach 
should be taken by people to deliver this. 

There are a number of systems engineering models that have 
been developed to manage the development and delivery of 

systems from Acquisition to Utilisation.  The most popular is the 
v-model, which was developed originally for software systems 
but has been adapted over time for complex multi-disciplinary 
systems [Blanchard & Fabrycky, 2011], including RCS systems. 

Although the v-model is starting to be used extensively 
throughout the railway industry for both the development and 
deployment of RCS, there is considerable confusion about how it 
should be applied and even what it is fundamentally being used 
for.  [Simmons, 2003] One of the issues is that there is not so 
much a ‘standard’ v-model for all forms of systems, so there are 
multiple v-models that are used for different types of systems. 

Bruegge & Dutoit defines the original v-model as being 
developed from the waterfall model for software engineering to 
incorporate feedback and ensure that defined requirements are 
met by software code. This model is now utilised generally for 
most forms of product development.  Blanchard & Fabrycky show 
how this model has been developed by the International Council 
on Systems Engineering (INCOSE) to manage the requirements 
of large complex systems, such as aviation projects and industrial 
control systems. However, complication arises from a lack of 
understanding within the industry of the difference between 
generic systems and specific applications. 

Generic systems
Suppliers of RCS technology tend to develop generic systems 
based on global market requirements from the industry.  This 
enables them to develop flexible systems that can be sold into 
different local markets throughout the world.  [Bourne & Clark, 

Pre-acquisition 
Phase

Acquisition 
Phase

Utilisation 
Phase

Retirement 
Phase

Conceptual
Design

Detailed Design 
and Development

Preliminary
Design

Construction and / or
Production

Operational use and
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Figure 2 — Activities in the Acquisition and Utilisation Phases of the system lifecycle [Faulconbridge & Ryan, 2014].

Figure 3 — Acquisition Phase activities and the major artefacts and reviews associated with each 
[Faulconbridge & Ryan, 2014].

System

People Process

Success!

Figure 4 — Three key components of successful project development 
and delivery.
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2007] To develop these systems they tend to follow a v-model 
very similar to the adapted waterfall model utilised for product 
development shown in Figure 5.

The supplier will take common needs that railways have 
throughout the world and then use solutions to these for 
developing a system platform composed from various sub-
systems that will in turn be made up of hardware and software 
components.  The supplier will then develop the system to take 
to market. 

Specific Application
Railway operators generally identify their business needs for 
an RSC system and develop a ‘concept of operations’ before 
going to market to identify a system that will meet these needs.  
[Bourne & Clark, 2007] They then follow a v-model more akin 
to the INCOSE version of the v-cycle developed for complex 
systems, as shown in Figure 6.

The operator will contract the supplier to deliver the system to 
the concept of operations it has developed.  The supplier will 
determine which functional requirements their generic system 
will need in order to deliver the operator’s needs, including 
specifics such as the geographic layout of the line and particulars 
of station interfaces.  These will inevitably require certain 
modifications to their sub-systems.  They will then need to design 
the implementation of the system (scheme layout, etc.) which 
will in turn be simulated and factory-tested to prove the concept 
before being installed and tested on site to be accepted for 
operation by the operator. 

RCS W-Model
The development of the generic system and specific application 
actually each tell half the story of the RCS system development.  
What is really needed is a ‘w-model’ showing all the stages and 
which entity is responsible for them.  As part of this research, I 
have produced such a diagram which is shown in Figure 7 below.

Industry Needs

System 
Requirements

Sub-System 
Requirements

Component 
Requirements

Development

Component Testing

Sub-System Testing

System Testing

Figure 5 — Development processes in a generic system.

Business Needs
Concept of Operations

Functional 
Requirements

Sub-System 
Requirements

Design
Requirements

Design & 
Implementation

Simulation

Factory Testing

Site Testing

Acceptance for 
Operation

Figure 6 — V-model of the development processes in 
a specific application.
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Figure 7  — W-model of the development processes for combinations of generic systems and specific applications.
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As can be seen, suppliers develop their generic system based 
on industry needs. 

When an operator identifies business needs for an RCS system, 
it will then produce a concept of operations [Faulconbridge & 
Ryan, 2014] that defines how the new system will function and 
the key human-machine interactions that will take place, both in 
terms of operations and maintenance. 

The operator (or an engineering consultancy representing the 
operator) will then produce an output-specified Invitation To 
Tender (ITT) for sending to suppliers to provide a system that 
meets their requirements. 

The suppliers will bid for this work, proposing a system based 
on their generic systems developed. 

The operator will choose the system most appropriate to its 
needs and then contracts the supplier selected to deliver this 
system to its specific requirements. 

Once the system has been accepted for operation, it will then 
enter the utilisation phase of Operations & Maintenance until 
the business needs require a new RCS system.  At the same 
time, suppliers should be observing the utilisation of all railways 
to determine novel improvements for their generic system 
development. 

SYSTEM DEVELOPMENT (LEFT-HAND SIDE OF 
THE W-MODEL)
As discussed earlier, signalling systems have historically focused 
exclusively on the safe separation of trains employing fixed 
blocks and lineside signals using (mainly) coloured lights. 

In recent years, the scope of signalling projects has increased 
to embrace also traffic management systems that enable more 
efficient train routing and train protection systems that prevent 
trains overstepping their movement authority. 

These systems require a much greater diversity of technology 
that is distributed over multiple locations, with a significantly 
large amount now being moved from the trackside infrastructure 
and onto the train itself. 

It is therefore essential to have a clear understanding of the 
complete ‘Train Control System’ and understand which parts of 
the system are responsible for key functionality. 

Like any systems engineering project, we must start with the 
fundamental requirements, deriving these from a top-down 
investigation.  It can be said that there are three fundamental 
requirements to any train control system:

A. Ensuring the safe running of trains;
B. Routing trains around the network efficiently;
C. Having each train run at its optimal performance.

These requirements can be mapped onto normal working 
operations for conventional signalling whereby:

1. The signaller will request a route through the control system; 
2. The control system will request these routes to the 

interlocking system;
3. The interlocking system determines that the route can be set 

safely; 
4. The interlocking systems transmit the permitted movement 

authority to the train by setting the appropriate signal 
indications for the route selected; 

5. Drivers interpret these signals to drive their individual trains 
safely and efficiently. 

This complete flow can be shown as in the model shown in 
Figure 8.

Control System

Interlocking System

Signals

Signaller

Driver

routes trains efficiently

ensures safety

achieves optimal train 
performance

Route Control

Safety & Protection

Train Control

Line Controller

Train Operator

Figure 8 — Fundamental elements of a train control system employing 
conventional signalling.

Figure 9 — Generic model in which requirements are displayed as 
functional layers (rather than physical sub-systems).

If we also consider that there can be feedback between each 
sub-system and that there is direct (voice) communication 
between the operators, we can extrapolate a more generic 
model in which we can see the requirements as functional layers 
(as opposed to physical sub-systems) as shown in Figure 9.

This model works on the basis of the following rules:

• The line controller interfaces to system through the Route 
Control layer only;

• The train operator interfaces to system through the Train 
Control layer only;

• No operator interfaces directly with the Safety & Protection 
layer;

• All safety-critical functions — including interlocking, train 
detection, train protection and points detection — are 
handled in the Safety & Protection layer only;

• All safety-critical communications  must pass through the 
Safety & Protection layer;

• The non-vital communications path is for voice 
communications and indications only (for example passenger 
announcements).
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Route Control

Safety & Protection

Train Control

Line Controller

Train Operator

Operator Terminal
Control Server
Automatic Train Supervision
Automatic Route Setting

Interlocking
Train Detection
Points Control / Detection
Level Crossings Control / Detection
Automatic Train Protection

Automatic Train Operation
Driver Machine Interface
Driver Assistance System

Figure 10 — The most commonly required functions.

Route Control

Safety & Protection

Train Control

Line Controller

Train Operator

TMS

ETCS

DAS

Figure 11 — The functions required for main line railways.

Route Control

Safety & Protection

Train Control

Line Controller

Train Operator

ATS

ATP

ATO

Figure 12 — The functions required for metro systems.

The way most common functions map onto the model is shown 
in Figure 10. Main line systems map onto this as shown in 
Figure 11 and Metro systems map on as shown in Figure 12.

So why would we want to do this? Well, we now have 
interchangeable function blocks with clearly defined interfaces 
between them.  This means that we can clearly identify which 
components, skillsets and teams are required for individual 
projects, ensuring that they understand which interfaces they 
must use and what their responsibilities are. 

CURRENT METHODS OF SYSTEM DELIVERY 
(RIGHT-HAND SIDE OF THE W-MODEL)
An important aspect of the delivery of any complex system 
of systems is the structure of the delivery. Although there are 
many variations of delivery structure employed throughout the 
railway industry, they fall broadly into two main types, Project 
Management-led and Engineering Management-led. 

In a project management-led structure (Figure 13), there is 
usually a single Project Manager responsible for both the System 
Engineering (sometime called Project Engineering) and Design 
Engineering functions.  The Systems Engineers are responsible 
for technical compliance against standards, whilst Design 
Engineers develop the scheme layouts and specific application 
data.

This approach has the advantages of a simple structure and 
being very focused on the delivery of the project, ensuring 
that delivery targets are met and that the project is kept within 
budget. 

However, it has several disadvantages.  Firstly there can be a 
lack of technical direction that can lead to the system delivered 
being unreliable or not meeting requirements.  Also with such 
a strong focus on delivery, technical quality may be sacrificed, 
resulting in poor performance of the delivered system.  The 
capture and control of requirements are also very difficult using 
this model, as the systems engineers have no authority over the 
design engineers and hence control of the flow of requirements 
from their fundamentals to design requirements. 

In an Engineering Management-led structure, there are two 
management functions reporting to the Project Director: a Project 
Manager and an Engineering Manager (Figure 14). 

The Project Manager still retains responsibility for the delivery 
and budget of the project but the Engineering Manager takes 
responsibility for the technical quality of the project and for 
delivery of the system architecture:

This approach has the advantages that it is more focused on 
technical quality and enables better requirements capture, as 
there is more of a balance between the delivering the project and 
assuring the system’s technical quality and compliance.  

Project 
Director

Project 
Manager

System 
Engineers

Design 
Engineers

Project 
Director

Project 
Manager

System 
Engineers

Design 
Engineers

Engineering 
Manager

Figure 13 — A project 
management-led structure.

Figure 14 — An engineering 
management-led structure.
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However, it has disadvantages too.  Keeping control of the 
requirements can still be difficult, as the system engineers do not 
have direct authority over the design engineers.  This model can 
also suffer quite badly from scope-creep if the design engineers 
are not kept in check and are allowed to engage directly with the 
end users to add more and more features.  There is also a risk 
of cost and programme overrun, as the solution might become 
over-engineered. 

A new approach
For the reasons just outlined we need to adopt a new 
management strategy and create a system-centric structure. 
We should approach creating the project team structure that 
we require to deliver an RCS system in the same way that we 
develop an RCS system, by first defining the fundamental 
requirements of the structure.  The approach described below is 
shown graphically in Figure 15. In terms of a system like this there 
are three fundamental requirements that must be maintained by 
the team:
1. Programme

a. Ensure overall project delivery including contract 
performance requirements;

b. Ensure project is delivered on-time and to budget.
2. System Development

a. Ensure system meets operational, maintenance and 
performance requirements;

b. Ensure integration of all sub-systems into complete 
systems and manage associated interfaces.

3. Design
a. Design the layout of the new system;
b. Ensure the safety and integrity of the new system.

From these requirements we can extrapolate three key functions:
1. Project management;
2. Systems engineering;
3. Design engineering.

The key is how these functions will interact with each other.  I 
would propose that there should be three managers who report 
to the Project Director:
1. Project Manager;
2. Systems Engineering Manager;
3. Design Authority Manager.

Programme Manager

Delivery 
Managers

System 
Integration 
Engineers

Design 
Authority
Manager

Systems 
Engineering 

Manager

Project 
Manager

Discipline 
Engineers

Delivery 
Engineers

MaintainersOperators

The Project Manager and his or her team would be responsible 
for keeping the project to time and budget. 

The Systems Engineering Manager and his or her team would 
be responsible for gathering all end-user requirements and 
developing the system requirements and architecture. 

The Design Authority Manager and his or her team would 
be responsible for the design of the layout and the specific 
application data, ensuring that the system designed is not only fit 
for purpose but also fundamentally safe. 

There should be a two-way interaction between the Project 
Manager and Systems Engineering Manager; the latter should 
act as a ‘technical translator’ to the Project Manager on the 
issues of the system.  The System Engineering team should also 
be the only team that engages with the end-users to identify 
their requirements.  It is also the responsibility of the Systems 
Engineering team to maintain a database of all requirements and 
disseminate these as appropriate to the Design team. 

The Design Authority Manager and his or her team must design 
the system to ensure that it is safe as well as meeting all technical 
requirements, which should in turn be checked by the Systems 
Engineering team to ensure that all requirements are met. 

CONCLUSIONS AND FURTHER WORK
What I have described is very much a work-in-progress and there 
are currently two strands of work that I intend to pursue in the 
next stage of my research:

1. To develop a System Modelling Language (SysML) model of 
the RCS system. 

2. To investigate the delivery of similar projects within other 
industries such as:
a. Aviation;
b. Nuclear;
c. Oil and Gas.

It would also be of great interest to see if an example project 
can utilise this new project structure and approach to determine 
if efficiencies can be made in terms of delivery and cost. 

Comments from readers will be extremely welcome; I can be 
reached at karl.king@mottmac.com.

Figure 15  — An optimally balanced approach to project management.
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TRAINING THE NEXT GENERATION

National Training Academy for Rail: the UK’s approach 
to developing the workforce of the future
Simon Rennie
General Manager, NTAR

Jennifer Walpole
Business Development Manager, NTAR

Mark Glover
Siemens

In common with countries across the globe, the UK is facing 
a near-perfect storm in terms of a period of rapidly changing 
technology, coinciding with a situation in which the available 
workforce is reducing. Not only do we have to retain the skills to 
keep our railway operating safely and reliably, but we also need 
to recruit large numbers of engineers and technicians with skills 
in fields that haven’t always been a major element of the railway 
industry. This is particularly relevant in the areas of signalling and 
train control, as the rapid adoption of networking technologies, 
ERTMS and traffic management solutions challenge us to deliver 
a step change in capability.

Both the UK government and rail industry recognise that a clear 
strategy has to be created and adhered to if we are to tackle this 
combination of technological and demographic pressure. Only 
by addressing training and recruitment needs now can we create 
the highly-skilled talent pool of rail engineers to enable us to 
create the UK’s aim of creating a truly world-leading 21st century 
rail network. 

The response has been the creation of a unique, and highly 
ambitious public-private partnership between government 
agencies and private enterprise: the National Training Academy 
for Rail (NTAR).

What is NTAR?
NTAR is a multi-million pound state-of-the-art facility at 
Northampton, in the East Midlands of the UK. The facility is 
intended to act both as a UK flagship and an international Centre 
of Excellence for skills development and collaborative working 
in traction, rolling stock, signalling and telecommunications, 
addressing a skills gap that would otherwise become a barrier to 
both maintaining and growing the workforce.

NTAR is a joint project between the National Skills Academy 
for Railway Engineering (NSARE), the Department for Business, 
Innovation and Skills (BIS) and the Department for Transport 
(DfT), with industry partner Siemens. The facility, which shares 
the same site as the Siemens Traincare depot at Northampton, 
was opened by Rail Minister Claire Perry on October 20 2015, 
recognising the importance placed by the UK government on this 
initiative.

The academy seeks to offer the highest standard of training and 
facilities, including:

• A core team of in-house expertise providing a blended 
learning model. This combines the use of practical equipment 
and workshop facilities with classroom-based teaching on and 
off-site, with distance learning provided where appropriate;

• A network of trusted, qualified partners to deliver the 
curriculum, adopting and reinforcing NSARE’s accreditation 
and skills recording;

• Close collaboration with training providers, universities, 
colleges and professional organisations to help build strong 
training capability and expertise;

• Making the facility available to support both local and 
national training organisations as they broaden their reach 
across the industry.

The syllabus offered by NTAR is therefore extremely broad, 
offering a very wide range of courses covering everything from 
high-level appreciation of technologies such as ERTMS, through 
to detailed, hands-on training in splicing fibre optic cables or 
maintaining specific components mounted on rolling stock. This 
flexibility is an intrinsic element of the ethos of the academy as it 
seeks to support engineers and technicians at all stages of their 
career.

This includes support for young people setting out in their 
careers, ‘career changers’ joining rail from other industries, 
supervisory and management teams who need to understand 
about new technologies and approaches as they become 
available, and existing skilled team members who need to 
become familiar with different systems. That makes for an 
exciting mix of people at NTAR with 17 year-old apprentices 
mixing with experienced senior staff. This is even more beneficial 
since operators and maintainers are increasingly mixing with 
engineering teams, and signalling engineers are working in the 
same building as rolling stock specialists and communications 
staff.

The facilities
The brand new, purpose-built building has been fitted out with 
a diverse set of equipment to allow hands-on and augmented-
reality training for many of the elements that make up the UK 
railway today and in the future. Support across the industry has 
been extremely strong and this is represented in the various 
rooms and facilities that make up NTAR — this is very clear as 
one walks around the various rooms in the building.

The Entrance Hall is a wide, airy and light area with an atrium 
leading up to a large multi-functional space. The ‘high-tech’ 
atmosphere is apparent even as you walk in the front door and 
use the hand-held tablets to sign in for your course or meeting. 
The open-plan administration offices are just off the entrance 
hall, with a clear line of sight to users of the building — allowing 
the NTAR staff to make sure that they’re not isolated from their 
customers. A wheelset by the entrance door reminds visitors what 
NTAR is about, and live passenger information boards for nearby 
Northampton station provide both real-time information and a 
very real training tool.

The NTAR building in Northampton. Bright, airy and modern.
Photo Mark Glover.
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Signalling and communications are well represented in the 
facility, specifically in the Bell and Fleming classrooms. The 
Bell room has been fitted out by AD Comms with all major 
components of digital communication technology currently found 
on the UK main line railway network. Using real Network Rail data 
for live passenger information systems, there is a GSM-R mast 
outside the building, and elements of equipment include CCTV, 
Wi-Fi, platform information and some on-board equipment.

Siemens has provided an ERTMS integration and training rig 
in the Fleming room. Based on the integration rigs used by the 
company for a number of major current projects, this currently 
provides a network of ‘hosted’ systems, that is to say real 
software running on PC hosts. A fully graphic display is used to 
give an immersive ‘driver’s eye’ view for trainees, with the current 
dataset allowing simulation of the experience of running through 
the Reading area under ERTMS control. A driver’s desk will 
shortly be added to further enhance the facility, and one-by-one 
the host PCs will be replaced with real radio block centres, on-
board units etc. to allow the full range of detailed maintenance 
and fault-finding courses to be added to operational and 
awareness courses that are already available. 

The main Training Hall or Fowler room, is a large open space 
with a range of workshop facilities and plenty of space to access 
and train on equipment from small, electronic systems right up 
to complete units. The intention is to provide a ‘deconstructed 
train’, with all the major component parts of a train that require 
maintenance made available to trainees. The intention is to 
encourage a ‘do touch’ approach, rather than ‘don’t touch’, 
but in a safe and controlled environment. This area is extremely 
flexible with distributed power and compressed air throughout. 
For many visitors, especially the younger generation, one of the 
most exciting areas is the VR-Suite  or Collins room. Described 
as the ‘anti-paper PowerPoint suite’ or ‘not doing school’, this 
room provides an interactive and immersive experience using 
12 delegate touchscreens and 3-D consoles. The intention of this 
is to provide the infrastructure on which industry partner Pauley 
will run 25 courses based on the ‘NTAR virtual train’.

There are then several other classroom areas – Dyson, Hawking 
and Tesla, all light and airy, with electronic ‘smart’ boards and the 
normal range of facilities you’d expect.

The final area is a large multi-functional space that can be used 
in theatre or conference room modes with up to 125 attendees. 
There are a number of study and meeting areas off this space, 
and the main area can be configured in a number of ways that 
make it ideal for conferences or seminars. Clearly this would be 
an excellent location for future IRSE events.

Even the names of the rooms reflect the aspirations of NTAR, 
those downstairs being the names of technology  innovators or 
boundary breakers; those upstairs have the theme of ‘overcoming 
the odds’.

Customers from across the industry
Clearly NTAR is a new facility, but it’s already busy  — and popular. 
To date, more than 50 students have undertaken a week-long 
Railway Engineering Design Technician Apprenticeship workshop, 
NSARE has held its annual general meeting there, and events 
including a Siemens graduate/apprentice awards evening have 
also been held.

Day-to-day life currently involves visitors from a wide range of 
industry stakeholders who are coming to learn about what the 
academy can do for them. This includes many suppliers, training 
companies, staff from across Network Rail, and many visitors 
from the UK’s Train and Freight Operating Companies (TOCs 
and FOCs). The courses that NTAR can offer are particularly 
relevant to such organisations, as they face a step-change in 
the technology that enables the operation of their services — 
particularly ERTMS.

1.  There was a good attendance at the opening event.
2.  Rail Minister Claire Perry opened the facility.
3.  Everything set up and ready to go in the workshop. 
4.  There was significant press interest in the opening, not least in 

terms of the investment in Northampton – here General Manager, 
Simon Rennie, is being interviewed for the local radio station.

5.  Engineers of the future progressing their skills.
Photos NTAR.

1

2 3

4 5
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TRAINING THE NEXT GENERATION

What’s next?
The interest in NTAR has already been greater than anticipated, 
and all major stakeholders are optimistic that the investment in 
this centre will see a rapid rate of return as the shape and size of 
the rail workforce develops. 

The NTAR team (pictured left) welcomes enquiries from both 
business and individuals interested in finding out more about 
the organisation, the courses and services that it can offer. They 
are also keen to hear from training providers and suppliers who 
would like to work with NTAR to further support the curriculum.

For more information, contact details and the syllabus, NTAR’s 
website is at www.ntar.co.uk.

A wide range of comms systems are available for training at NTAR.
Photo NTAR.

ERTMS simulation: allowing trainees to learn whilst arriving at a 
virtual version of Reading station. Photo Mark Glover.

Rail Minister Claire Perry enters a virtual world in the VR suite.
Photo NTAR.

A fully featured cab simulator is a particularly attractive training 
session for many. Photo NTAR.

The large workshop area is well equipped, but with plenty of room 
for future systems and training rigs. Photo NTAR.

The large open area on the first floor of the building offers a superb 
seminar/conference space. Photo NTAR.
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INDUSTRY NEWS
Hitachi completes acquisition of Finmeccanica’s 
rail and signalling assets

Japanese conglomerate Hitachi has completed the acquisition of 
rail transport engineering firm AnsaldoBreda and a 40% stake in 
signalling supplier Ansaldo STS from Italy-based Finmeccanica.  
The deal excludes a number of revamping activities and residual 
contracts of AnsaldoBreda.  Hitachi paid €30m (£22m, $32m) for 
the acquisition of AnsaldoBreda.
For Finmeccanica’s 40% stake in Ansaldo STS, the Japanese 

major has paid €761m, at €9.50 a share.  Hitachi will now launch 
a mandatory offer to buy all the remaining shares in Ansaldo STS 
from other shareholders, in accordance with the Italian law.

The acquisition of shares in this rail signal system unit would 
help Hitachi to sell combined carriage and signal packages, 
as well as offering a manufacturing presence in Europe.  
Finmeccanica noted that the integration of its transportation 
business into Hitachi will secure the best possible future for both 
Ansaldo STS and AnsaldoBreda businesses and their employees.
The Italian firm decided to sell its assets in order to reduce a 

€4.8bn ($6.1bn) debt and focus on its aerospace and defence 
businesses.  These acquisitions will bring down Finmeccanica 
Group’s net debt by around €600m, with a capital gain 
preliminarily estimated at about €250m, by the end of this year.
Finmeccanica CEO and general manager Mauro Moretti said: 

“With the sale of the transportation business, Finmeccanica 
becomes a pure aerospace, defence and security player. I am 
sure both AnsaldoBreda and Ansaldo STS will play a key role in 
the future development of Hitachi Rail business worldwide.”
Hitachi Rail Group global CEO Alistair Dormer said: “With these 

acquisitions, Hitachi will strengthen its position in signalling and 
traffic management systems, expand turnkey operations and 
enlarge its portfolio with world-class products.”

Ansaldo STS awarded CBTC contract

On 13 November 2015, Ansaldo STS was awarded a $53.2m 
(£35m, €48m) contract from Southeastern Pennsylvania 
Transportation Authority (SEPTA) for a full design and build 
contract for the Media Sharon Hill Lines Communications-Based 
Train Control system.

The scope of the work will include civil works, track and switch 
replacement and upgrade of the existing signalling system, 
including all installation and testing and commissioning.  The new 
system will provide centralised supervision and scheduling of the 
lines from SEPTA’s Integrated Control Centre as well as increased 
safety and performance.

Ansaldo STS is presently working with SEPTA to install a Positive 
Train Control (PTC) system on 13 lines of their system, with 
the objective of meeting the current Federal Railway Authority 
requirements.

Sub-surface resignalling scheme adviser 
appointed

Transport for London (TfL) appointed a programme support 
partner to review its plans for the renewal of signalling 
equipment across its four sub-surface lines in November 2015.  
A Mace and CPC Project Services (CPC) joint venture will 
support the delivery of a £760m (€1,049m, $1,135m) project to 
overlay CBTC signalling on the District, Circle, Metropolitan and 
Hammersmith & City lines.

The resignalling scheme has suffered a number of delays. The 
contract was re-let to Thales earlier this year after Bombardier, 
which had been contracted to do the work, decided it was 
unable to deliver the project.  The work will begin in 2021 with 
the Circle line and end with the Metropolitan line in 2023.

ETCS ‘First in Class’ contract awarded

The Eversholt Rail leasing company has awarded Alstom’s 
signalling business SSL a contract for the trial installation of ETCS 
equipment on a Class 365 electric multiple-unit operated by 
Govia Thameslink Railway in the United Kingdom.  The contract 
includes an option for the conversion of the remaining Class 365 
EMUs ahead of full ETCS Level 2 operation on the East Coast 
Main Line. 

As part of the national ETRMS roll-out programme, the UK’s 
three major passenger rolling stock leasing companies are 
undertaking a joint project for the ‘First in Class’ (FiC) trial fitment 
of ETCS to each fleet where it will be required. 

The contract was announced on 26 November 2015, Eversholt 
said the Class 365 FiC design process would commence shortly, 
with installation and integration to be undertaken at Alstom’s 
Wembley Traincare Centre. Testing is planned for 2017.

Metro depot signalling contract awarded

The National Authority for Tunnels (NAT) in Egypt has awarded 
Alstom a €15m (£10.9m, $16.4m) contract to supply signalling for 
the new depot on Cairo metro Line 1. 

Alstom is to supply the computer-based interlocking, 
SCADA systems for traffic and traction power supplies, and 
telecommunications to support fire detection, phones and CCTV 
systems. The fit-out is due to be completed in 2017. 

Earlier this year NAT awarded signalling and infrastructure 
contracts for metro Line 3 to consortia including Alstom.  A 
contract for Phase 4A was signed in February 2015 and for 
Phase 3 in November 2015.

First ERTMS Level 2 solution in Poland

Bombardier Transportation has completed delivery of its 
European Rail Traffic Management System (ERTMS) Level 2 
solution for the Legnica–Wegliniec–Bielawa Dolna section of 
Poland’s E30 line. This landmark project marks the completion 
of the first implementation in Poland for this new standard 
specification for the country’s entire signalling system.

The contract with PKP Polskie Linie Kolejowe included the 
supply, installation, testing and commissioning of the globally 
proven Bombardier Interflo 450 onboard and lineside rail control 
system. Connecting to Poland’s western border, the line is also 
part of the modernisation programme of the pan-European 
transport corridors to support interoperability and coordination 
was required with rail operators in Germany. 

Installing this first mixed ERTMS Level 2 and conventional 
signalling in operation in Poland has also required a number 
of important product approvals. Bombardier became the first 
supplier to have ERTMS authorisation for its EBI Cab 2000 
onboard system in Poland earlier this year and is the only 
supplier with an onboard solution approved to operate with the 
national signalling system in Poland (SHP-STM). 

The overall cost of the modernisation programme, which 
includes new trains, has been set at £5.41 billion. This is more 
than the original £4.26 billion quoted but less than a revised 
figure given in March 2015.
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INDUSTRY NEWS
Largest GWR signalbox reopens 110 years 
after originally commissioned

In the UK, Princes Risborough North Signalbox is to become 
a main line viewing platform and has been reopened by 
Sir William McAlpine. The event took place on 27 November 
2015, when the Princes Risborough North Signal Box (PRNSB), 
thought to be the largest surviving Great Western Railway 
signalbox, was formally re-opened. This followed more than 
100 weekends’ work by volunteers from the Chinnor & Princes 
Risborough Railway (CPRR).

Its windows now allow fabulous views of the busy Chiltern 
main line and the branch lines to Chinnor and Aylesbury. Once 
negotiations have been concluded with Network Rail, regular 
steam services running past the box to and from Chinnor will 
add to the view. These negotiations are well advanced and due 
process via the Office of Rail and Road produced no objections, 
so the next step is an access agreement with NR, which should 
result in steam trains serving Princes Risborough on a regular 
basis in the not too distant future.

At one time the box, built to house 126 levers, controlled 
railways to all points of the compass: west to Chinnor, Thame 
and Oxford, east to Aylesbury, south to London and north to 
Bicester and Banbury. When Network Southeast revitalised the 
Marylebone to Banbury route with new trains and signalling 25 
years ago, the box was made redundant and declared a listed 
building. 

During some of the years that followed volunteers were allowed 
access to the building enabling them to repair and protect it, 
but changes in railway management later rescinded access. Just 
before this took place, the volunteers managed to prop up the 
roof in one corner where the supporting timber had failed. Had 
this brief volunteer access not taken place, the roof would have 
caved in and necessitated the demolition of the signalbox on 
safety grounds, as it stands alongside a 100 mph (160 km/h) main 
line.

The next decade saw the signalbox deteriorate slowly and it was 
only a bout of vandalism in 2011 that brought about volunteer 
access once more, when police asked the volunteers to assess 
the deliberate damage. This was found to be minimal compared 
to the effects of a decade of no maintenance. Then in October 
2013 full volunteer access was restored, with the provision of a 
safe walking route from the platform to the signal box

Work now progressed so well that the CPRR felt able to invite 
their President Sir William McAlpine to open the new staircase to 
the signal box. He was accompanied by senior Network Rail and 
Chiltern Railways’ staff and most of the Railway Heritage Trust’s 
top team. The visitors were astounded by the progress made 
and noted that this had been made without any grants or other 
financial assistance.

Sir William said: “I am delighted to have been asked to open 
the historic signal box 110 years after it was first commissioned 
and look forward to making more visits to the steam-hauled 
line once regular running commences from Princes Risborough 
to Chinnor. I hope that this achievement will encourage more 
volunteers to come forward to help complete the job.”

Danny Woodward, Chairman of The Chinnor & Princes 
Risborough Railway responded: “Our dedicated band of 
volunteers has not only saved this historic Great Western 
Railway building, but they have also saved a widely recognised 
Princes Risborough landmark that millions of Chiltern Railways’ 
passengers and townsfolk will be familiar with.”

The PRNSB team would greatly appreciate any donations or 
sponsorship that may be available to complete the job. If you can 
help, email Funding@RisboroughBox.org.uk. The team also has 
its own website, www.RisboroughBox.org.uk.

Princes Risborough North Signalbox, open once more.

The IRSE will be running a one 
day seminar on the practical 
application of Systems 
Engineering to railway control 
and communications systems 
on Thursday 14 April 2016.  The 
venue will be the University of 
Birmingham (UK), and the event 
is being run in partnership with 
INCOSE.  More information 
will be available on the IRSE 
website shortly, and it will also be 
advertised via the monthly IRSE 
e-bulletin.

Coming soon ...
IRSE NEWS is always on the lookout for news articles, 
technical papers, reports on IRSE activities or your letters. 
If you have something to share with other members, 
please do send an email to any of the editorial team listed 
on p1.

Editorial deadlines for 2016 issues are given below.

March 3 Feb September 3 Aug

April 2 Mar October 31 Aug

May 6 Apr November 5 Oct

June 4 May December 2 Nov

July / Aug 1 Jun January ‘17 30 Nov

We want your news
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MEETING FUTURE DEMAND

Visiting Indonesia recently to participate in the IRSE 
Indonesian Section’s fourth seminar since their 
inception in 2013, I was reminded afresh of 
my two previous visits to Jakarta, where 
my abiding memory was the traffic chaos 
and congestion in the city centre, which 
meant that even a short journey took a 
disproportionately long time as every 
vehicle owner fought for space on the 
road. Jakarta is not alone in having 
this problem. It can be seen in most 
major cities, albeit worse in some than 
in others.

The mobility of people, and of freight, 
particularly on land, is one of the many 
growing problems in our world. It is not 
one that can be solved in isolation, because 
it is inextricably linked to other global trends 
and challenges, such as population growth, the 
movement of people from living in rural areas to cities, 
environmental protection and global warming, the consumption 
of resources such as fuel and land, and economic prosperity, 
to name just a few. All of these are significant issues, and the 
interactions between them are complex — probably too complex 
for us to understand, let alone manage or optimise.  

Transport is closely linked to economic prosperity, and every 
country on the planet wants economic growth. Therefore 
efficient and effective transport must be, and is, on the agenda 
of almost every government. Estimates of the cost of poor 
transport vary but it is evident that economic growth is held 
back where transport links are inadequate. Conversely where 
efficient and effective transport is provided, companies choose 
to locate their offices, factories and distribution centres to fit 
the transport infrastructure, and people choose to live along the 
transport corridors that enable them to get to work. The need for 
transport can be seen even at the most basic and individual level. 

I remember watching a TV programme a year or 
two ago where people living in developing 

countries in Africa said that their most 
pressing aim in life was to get a bicycle, 

because a bicycle (rather than walking) 
meant they could travel faster, further, 
and carry more in order to sell their 
goods in the markets.

Although the provision of better 
transport enables economic growth, 
in most countries where transport 
is a high priority, providing efficient 

transport is in practice a question of 
trying to keep pace with demand. In 

London, for instance, the authorities 
are working hard to modernise the metro 

network (the ‘Underground’ or ‘Tube’ as 
it is known familiarly). But the fact is that 

despite all the plans to modernise the train 
control systems, introduce new rolling stock and even 

create entirely new lines such as Crossrail, the gap between 
passenger demand and the capacity that the railways are able to 
offer continues to widen, and is expected to do so until at least 
2023 (Figure 1).

In the UK there are also plans for a new high-speed line 
connecting London with the North of England. Why is it being 
built? Partly to strengthen the economic prosperity of the North, 
but also to relieve congestion on the existing rail routes between 
the south and north of the country.

More and more people are living in cities. In 1990 there were 
10 mega-cities in the world — that is, cities more than 10 million 
inhabitants. In 2014 that number had risen to 28 (16 of them in 
Asia), and by 2030 the number is expected to be 41. Overall, 
around four billion people live in urban areas, increasing to 
6.5 billion by 20501.  

Much of the expected future urban growth will 
take place in countries of the developing regions, 
particularly Africa. As a result, these countries will 
face numerous challenges in meeting the needs 
of their growing urban populations, including 
housing, infrastructure, transportation, energy and 
employment, as well as for basic services such as 
education and health care.

Mobility for people and goods in urban areas 
requires both sufficient and efficient transport 
systems within cities, and also between cities. 
Within cities, metros can offer effective solutions 
for moving people, but as we have already seen, 
demand for transport tends to outstrip our ability 
to provide it. And metros have their limitations — 
many people still prefer travelling by car because it 
offers a quicker door-to-door solution.

1. Source: 2014 revision of the World Urbanization 
Prospects by UN Department of Social and Economic 
Affairs Population Division: http://bit.ly/1mhbH4P and 
http://bit.ly/1niybzm.
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Railways for a growing world
Francis How
Chief Executive IRSE
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Figure 1 — Demand versus capacity: London Underground. 
(With acknowledgements to Transport for London).
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MEETING FUTURE DEMAND

Line Previous tph Current tph Planned tph
Jubilee 25 30 36
Northern 25 30 36
Victoria 30 34 36
Sub-surface lines 24 27 32

Figure 2 — Capacity improvement: Trains per hour on London 
Underground peak services. 

(With acknowledgements to Transport for London).

Where metro systems are provided, the challenge is to meet 
the demand, and conventionally this is regarded as all about the 
frequency of trains. In London, around 30 trains per hour is a 
typical figure on many lines during peak hours in the city centre, 
and on some routes it has reached 34, with plans to increase this 
further to 36 (Figure 2). This, coupled with new, higher capacity 
trains, is helping to meet demand, but it is not sufficient. 

And that, in part, is why train control and traffic management 
systems are the focus of so much interest. In the UK, it is thought 
that the biggest contribution to delivering the ‘4C’ (Cost, Carbon, 
Capacity, Customer) aims of the Rail Technical Strategy is likely to 
come from improvements in train control and communications. 
And is not coincidental that the UK’s Digital Railway programme 
is heavily focused on a revolution in traffic management, train 
control and communications.

Train control and traffic management systems make a significant 
contribution to maximising capacity (Figure 3), through 
optimised design, automatic train operation and centralised 
control. Automatic train operation, for instance, provides a more 
consistent driving performance than drivers can achieve, taking 
maximum advantage of the theoretically available capacity. 

But there is probably more that will need to be done, taking us 
beyond the bounds of conventional engineering wisdom. 

Let me take an example from another transport mode. London’s 
Heathrow Airport, one of the busiest in the world, was full to 
capacity in 1985. Conventional wisdom indicated that no more 
planes could take off or land unless an additional runway was 
built. In 1985 Heathrow had two runways — and it still does. But 
capacity has been increased by 60% since then, not by bigger 
planes but by the introduction of modern traffic control systems. 

Railways face the same challenge and opportunity. For us, that 
may mean considering radical options, such as:

• Driving trains without having full braking distance between 
successive trains;

• Platooning2 and virtual coupling/uncoupling of vehicles;
• Intelligent traffic management, involving self-learning or 

self-optimising algorithms.

2. Platooning is a method of increasing the capacity of railways and 
roads by grouping vehicles into platoons. Platoons decrease the 
distances between vehicles using electronic, and possibly mechanical, 
coupling.
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Figure 4 — Air Traffic growth: Heathrow Airport, London.
(With acknowledgements to the Civil Aviation Authority 

and UK Digital Railway Programme).
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So, there are major challenges and opportunities for railway train 
control systems and communications engineers, which brings me 
to the subject of the IRSE. During my Presidential year I wrote 
and spoke on several occasions about the purpose and role of 
the IRSE, and whenever I have the opportunity to speak I remind 
people of these purposes. The following words are written in the 
IRSE’s Articles of Association. 

The IRSE exists for:
a) The advancement for the public benefit of the science and 

practice of signalling by the promotion of research, the 
collection and publication of educational material and the 
holding of conferences, seminars and meetings.

b) The maintenance of high standards of practice and 
professional care amongst those working within the 
industry and the promotion of improved safety standards 
for the protection of the general public.

From these words I want to emphasise three things. Firstly, 
the IRSE exists to help its members grow their skills, experience 
and knowledge. This is ‘professional development’. That is the 
Institution’s primary purpose. Secondly, it does that by publishing 
books, writing papers, encouraging research, and by holding 
conference and seminars. Thirdly, we do all this not for ourselves, 
but for the safety and benefit of the public — those who use the 
railways, and others who are affected by railways.

Railway engineers have always taken their responsibilities for 
safety very seriously, and signal engineers are perhaps the most 
safety-conscious of all, mindful that a single error in the design 
of a signalling system can have disastrous results. The need to 
ensure safety in performing our work is the very first requirement 
in the IRSE’s Code of Professional Conduct, with which all IRSE 
members are required to comply. The Code has been re-
published and is available on our website. If you are an IRSE 
member and you haven’t read it recently, may I recommend that 
you do so.

Working for the benefit of those who travel on railways or use 
them to carry freight is at the heart of what the IRSE is all about. 
This involves playing our part in:

a) Making railways acceptably reliable, as well as being safe (no 
failures);

b) Being cost-effective in our engineering solutions and 
methods (delivering value for money);

c) Making railways efficient (in terms of capacity, speed, 
flexibility);

d) Minimising adverse environmental impact of our engineering 
solutions and methods (pollution, resources);

e) Being innovative.
As well as expecting individual members to perform their work 

with safety at the forefront of their thinking, from time to time the 
Institution becomes involved in initiatives to improve or maintain 
safety standards. The most recent example of this is in the UK 
where an IRSE-led working group, of which both I and Andrew 
Simmons, our President this year, are members. It has made 
recommendations relating to a number of issues where safety 
standards need to be improved. Some of the outputs of that 
work were presented last year in IRSE NEWS, and more recently 
have been communicated to all the major suppliers (as well as to 
Network Rail).

In conclusion then, we might think of railways, and railway 
signalling, as ‘mature’ technology. But there is a revolution 
under way, which will rightly force us to re-think our traditional 
engineering standards, methodologies and processes in order 
that our railways can deliver more for our growing world. 

This paper was originally presented at the fourth Indonesian 
IRSE Seminar in Bandung on 26 November 2015, and has been 
modified slightly for publication in IRSE NEWS.
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INTERNATIONAL TECHNICAL COMMITTEE

Driving evolution towards Internet Protocol (IP) in 
signalling telecomms 
Written on behalf of the ITC by Christian Sevestre with contributions from 
Frans Heijnen, Clive Kessel and Rod Muttram

Introduction
Earlier generations of non-IP based transmission systems are 
becoming more and more difficult to procure. A lot of them 
are no longer supported by their original manufacturers. Their 
obsolescence is planned and unavoidable.

The need for increased transmission capacity pushes us to use 
more efficient transmission systems.

Copper cables are being replaced gradually by optical fibres 
that offer higher transmission capacity and are intrinsically 
unaffected by EMI (electromagnetic interference).

The management of IP networks is centralised by design. They 
are easily supervised from a central location on a 24/7 basis, 
which was impossible with copper cables and dedicated circuits.

The result of all these developments is the progressive 
replacement of the entire existing copper cable network by 
up-to-date telecom systems based on IP technology. Only 
connections from lineside termination points to local equipment 
(such as point machines and level crossing barriers) will remain as 
copper cables in the foreseeable future.

This technological evolution is imposed on the railway networks. 
The question is not whether to accept or reject this evolution but 
when and how to make this evolution financially and technically 
acceptable.

As signalling engineers, we have to convince the operators and 
the maintainers that there is no other choice and that we know 
how to obtain high availability levels.

This transition creates a lot of new challenges to be solved in 
the areas of:

• Design process;
• Outsourcing of the transmission systems and facilities;
• Cybersecurity issues;
• Safety issues;
• Availability issues;
• Deployment issues;
• Maintenance and operating issues.

This article offers some examples of existing IP networks 
being used operationally in different countries, describing the 
differences between the IP networks and existing solutions, 
explaining the new challenges we are facing and giving some 
recommendations on how to deploy IP networks successfully.

The article also mentions cybersecurity issues but these are 
not its main focus. For an in-depth review on these see Peter 
Gibbons’ paper ‘Cyber Security – An Infrastructure Manager’s 
View’ in the February 2015 issue of IRSE NEWS (Number 208). 
This article focuses on the new challenges mentioned above that 
are not universally recognised and correctly handled.

Existing IP networks 
All modern signalling control command systems use IP networks. 

Many manufacturers propose this kind of network and know 
how to design, build and maintain them.

The Eulynx project is a good example of an IP-based network 
with distributed intelligence. This is a European initiative by 
several Infrastructure Manager organisations to standardise parts 
of the signalling systems.

Many railway networks (including Network Rail, PRORAIL, SBB, 
DB, Finland, SNCF, Sweden, Queensland Railways and/or Aurizon 
in Australia) are already using or are deploying  IP networks  
dedicated to critical applications in terms of safety or reliability 
(signalling, telecom and power distribution (SCADA))

This type of network is used for various applications: 
communication between interlockings and object controllers, 
communication between interlockings and Radio Block Centres 
(RBCs), communication between adjacent interlockings, 
communication between interlockings and Regional Operational 
Centres etc. etc..

They cover all safety levels, up to SIL4 (Safety Integrity Level 4 
as defined by the IEC61508 standard).

Design process:
The design process must take into account the following issues:

• Functional safety must be ensured by the applications and 
not by the network, moreover it must be independent of the 
internal protection mechanisms of the network;

• Any constraints affecting the applications (response time, 
predictability of the redundancy mechanisms, transmission 
delay, switching time from the normal routing to the backup 
transmission, etc.) must be specified clearly and carefully 
without excessive margins. 

These constraints are usually expressed initially by signalling 
engineers who do not necessarily have a good knowledge of 
telecom technology and are thus tempted to protect themselves 
with extra margins.

A constructive dialogue between signalling and telecom 
engineers is absolutely necessary to converge towards the 
optimal solution.

Essentially, the signalling engineer buys a service and must 
specify the service that is needed, not a technical solution. 

The safety of this type of technology must be type-approved 
by the product safety acceptance process. This avoids having 
to prove the safety of this type of solution for every project 
individually.

Outsourcing of transmission facilities
The provision of transmission links is increasingly dependent on 
third-party telecom organisations not under the direct control 
of the railway signal engineer. This may be from a separate 
department within the Infrastructure Manager organisation (as in 
the case of the UK with Network Rail Telecom) or more likely by 
acquiring digital capacity from a public telecom supplier.

Having multiple links (either by a transmission ring or discrete 
diversely-routed circuits) for the purposes of delivering critical 
messages that change the state of the signalling will provide 
greater resilience and availability. Providing the link(s) are not 
in themselves safety-critical but merely a means of delivering 
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data, then this is acceptable and many observers view it to be 
inevitable.

The same parameters will apply to the control systems needed, 
for example, by the emergency services and the military. 
Providing the IP address structure is suitably controlled and 
safeguarded, then the risks are acceptably small.

Cybersecurity issues 
Modern transmission networks cannot be totally closed.

Modern IP networks used by control command systems allow 
new applications that require links with the public Internet. 

Control command systems must exchange information in both 
directions with other systems and therefore must include firewalls 
within the connections that naturally have security limitations.

Malicious attacks (e.g. hacking) are not the only risk in the short-
term period.

In this transition period, a large number of problems may occur 
after using non-secure flash drive devices (such as USB keys) or 
reinitialising existing systems with new software releases. 

This risk can be mitigated by procedures, operator information 
and training, but the best way is to design control command 
systems in such a way that infected software or data will be 
detected automatically by the system. 

The nature of malicious attacks is constantly changing. We need 
to identify all attacks continuously and carefully, and must find 
protective measures in a very proactive way.

Risks must be identified and the protective measures to be taken 
have to be formulated and implemented. A security protection 
policy must be defined and applied.

The common technique is to protect the networks with firewalls. 
There are many examples where this type of solution has been 
compromised, with the network suffering intrusion. We are 
moving towards the protection of each individual transmission 
by encryption on an ‘open’ network instead of trying to protect 
the whole network. This is the principle used by the KISA 
system developed by DB, which uses separate components for 
establishing system security and system safety (the latter being 
provided by the signalling system itself). Due to the nature 
and speed of changes in the security field, the concept relies 
on COTS (Commercial Off the Shelf) solutions also used in the 
defence industry, allowing an easy and rapid upgrade of the 
system security without affecting the system safety case.

The senior managers of all railway companies need to be made 
fully aware of these risks.

Railway companies must create internal cybersecurity authorities 
dedicated to control command systems.

Cybersecurity measures applicable to ticketing systems or 
financial transmissions are not directly applicable to real-time 
applications with safety-critical impact and specific constraints on 
continuity of service.

The types of attack are changing every day. 

Control command systems and IP networks must be monitored 
continuously to detect all the attacks that could threaten them.

Mitigating solutions must be adapted constantly to new types of 
attacks.

A separate security layer needs to be established.

Some have stated their intention to insert a security layer into the 
safety layer — INESS with Euroradio+. INESS is the Integrated 

European Signalling System, a project to define and develop 
specifications for a new generation of interlocking systems, 
and Euroradio+ is a safety protocol used by ERTMS for vital 
communications. However, that is really not good enough. The 
German Deutsche Bahn (DB) with its KISA (Kommunikations-
Infrastruktur für sicherheitsgerichtete Anwendungen or 
Communications Infrastructure for Safety-related Applications) 
security approach is on its way to prove a viable concept. 

Any system is fully closed until the moment a cable is plugged 
into the wrong socket. Hence security encryption is needed 
around the perimeter of all housings of signalling systems.

Safety issues 
Safety assurance (IEC 62880, EN 50159) must be challenged. 
There is a strong interaction between safety issues and security 
issues, which is a new problem area by comparison with previous 
control command systems.

The general recommendation is to treat safety and security 
issues separately.

Availability issues
A virus attack or an intrusion by ‘hackers’ may create major 
disturbances on the quality of service without direct safety 
consequences.

The transmission service may be lost for a long period. This 
scenario must be taken into account in the system risk analysis. 
The appropriate backup procedures and technical solutions must 
be defined and implemented.

One extreme solution may be to accept this risk, but the 
customer or the user must be made aware of this and required to 
sign formal acceptance of this. 

It must be clearly understood that the question is not whether 
or not this problem will occur but when.

When it occurs, all means and mechanisms needed to revert 
to the normal situation must be made available as rapidly as 
possible. An emergency organisation must be already in place 
and financed, and it must have regular training and exercises.

In order to keep trains moving, an alternative degraded means 
of control may be necessary if a cyber attack has caused loss of 
communications. In the UK the COMPASS (Combined Positioning 
Alternative Signalling System) development is aimed at just such 
a contingency.

Deployment issues
The migration process from the existing situation to the 
ultimate one must be addressed from the very beginning of the 
deployment of the IP network.

There will be a long period during which the legacy, non-IP 
based transmission system and the new IP transmission system 
must both be operational.

Experience shows that this is a very critical period. Not all the 
redundant mechanisms are necessarily in place or fully effective; 
for instance the central supervisory system may not have a vision 
of all the routers or have only a partial vision of the interfaces 
between the existing and the new networks.

The deployment of an IP network is not only an engineering 
project but is a major sociological and organisational change. 
This change has to be organised and monitored. The telecom 
and signalling maintenance staff have to develop an ‘IP culture’ 
(should cultural training be given?). This culture has then to be 
maintained.
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Maintenance and operating issues
• An IP network requires a highly centralised maintenance 

organisation. It is a major change for telecom people; 
probably a larger one than for signalling people, who are 
used to being very independent and to maintaining highly 
decentralised equipment. 

• An IP network changes the technical and organisational 
interfaces between the signalling and telecomms maintainers, 
and this must be addressed very carefully.

• An IP network evolves permanently, which is a rather novel 
issue (geographical, new version of routers, compatibility with 
the different applications such as interlockings, power supply 
SCADA and railway voice communications) that are evolving 
independently and with which compatibility has to be proven 
after each and every slight change.

• An IP network imposes a need to manage its evolution — and 
the associated safety and security — for three decades during 
which everything around and inside is changing.

Summary
The deployment of IP networks on railways is unavoidable.

The IP networks pose new challenges in different areas:

• Design Process, Safety and Availability issues. Functional 
safety is implemented by the applications and not by the 

network itself. The high degree of centralisation imposes 
specific mechanisms to obtain the high level of reliability 
required.

• Outsourcing of transmission facilities is feasible but only 
under some conditions.

These networks create cybersecurity issues that are usually 
underestimated and must be addressed seriously from the very 
beginning of the design. 

• The protections available for public or administrative data 
networks are not applicable to these networks and must be 
adapted/extended.

• It is an illusion to think that these networks can be totally 
closed. It appears to be more efficient to protect every 
individual transmission than to try to protect a whole network.

The deployment of such networks takes time. There are specific 
availability issues when the whole network is not complete 
(redundant paths, recovery mechanisms or operating centre not 
totally operational). Maintenance and operating issues must also 
be taken into consideration. These networks are dynamic. They 
are in constant evolution: changes in their topology occur; new 
routers are added with new software releases. The compatibility 
between networks built upon IP technology and that of the 
applications using it, is not easy to test or simulate. Specific 
checks and tests must be carried out on the real system before 
any commissioning or modification of an IP-based network.

FEEDBACK
Re: Secret Sentinel 
Nice cover picture on the 
November issue of IRSE 
NEWS.  However, if it was 
signal number NH10, how 
do I know as a driver? The 
only plate visible is not 
quite readable thanks to 
the signal ladder helpfully 
placed in front of it but 
certainly isn’t ‘NH10’.  

Alan Williams

Editor’s response

It is indeed unreasonable to expect the driver to know 
the signal numbers of the hundreds of signals on the routes 
he/she works. It does indeed seem that yet again we have 
forgotten the driver.

IRSE NEWS
ISSUE 216 NOVEMBER 2015

‘IRSE NEWS’ NEWS
Introducing Mukul Verma

As mentioned in the November 
issue of IRSE NEWS we are 
delighted to welcome a number 
of new Assistant Editors to the 
team. One of those news staff 
members is Mukul Verma.

Mukul has a post-graduate 
degree in Computer Science 
from the Indian Institute of 
Science, Bangalore, and a 

Doctorate in the design of safety-
critical systems from the Indian Institute of Technology, Delhi. 

During his PhD work, he developed a fault-tolerant architecture 
for fail-safe systems that he employed in his work on the 
development of electronic interlocking for Indian Railways.

He has some 25 years of experience as a signal engineer with 
Indian Railways, involving design, safety certification, installation 
and upkeep of signalling and telecom systems. Additionally 
he has ten years of industry experience in the design and 
development of safety systems, including the application design 
of the train control system for the Hyderabad Metro. 

Mukul written a number of papers on reliability and safety, and 
has delivered lectures in training programmes for RAMS in India 
and the USA. He is a Chartered Engineer of Engineering Council 
(UK), Chartered Engineer (IETE/India), and a Fellow of the IET, 
the IRSE and the Institution of Electronics and Telecom Engineers 
(India). He is a certified Software Quality Professional by the 
Government of India.

He is employed currently as President – Signalling and Safety 
Systems by Himachal Futuristic Communication Ltd, Delhi.
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PROFESSIONAL LIVES

News from IRSE Headquarters
Francis How

Formation of IRSE French Section
Congratulations to IRSE members in France, who have been 
working to form a French Section. At the IRSE Council meeting 
held on 8 December the draft Articles for the Section were 
approved, and authorisation given for the French Section to 
be formed. This means that we now have Sections in three 
European countries (France joining the UK, Netherlands and 
Switzerland), in addition to those elsewhere (Australasia, 
Hong Kong, India, Indonesia, Ireland, Malaysia, North America, 
Singapore and Southern Africa). There will be an article about 
the new French Section in the February edition of IRSE NEWS.

The inaugural meeting of the French Section will take place 
in Paris on 13 January 2016, when a paper will be presented 
on the subject of the planned NexTeo signalling system. This 
system, to be applied in Paris for the first time, combines CBTC 
and ERTMS for urban and semi-urban routes where a high-
density traffic capability is required. The meeting will begin at 
17.00. For more details contact Hugh Rochford at  
hugh.rochford@reseau.sncf.fr.

Nominations for Council
At the Council meeting on 8 December members endorsed 
the nomination of various IRSE members to fill vacancies on 
Council that will arise in April 2016. Corporate members of 
the IRSE will be asked in January whether they wish to make 
any additional nominations (and if necessary, a ballot will then 
follow). Please give this matter your careful consideration — 
Council members have a responsibility both for the governance 
of the Institution and for representing your interests.

2016 Budget
Also at its December meeting, IRSE Council approved 
the budget for 2016. After two years of no increase 
in subscriptions, Council agreed a modest increase 
(approximately 3%) in membership fees. The need for this 
is driven not only by general rises in costs, but also because 
we need to finance various initiatives contained in the 2015-
2020 Strategy. Specifically these include resources to support 
Professional Development activities, work to strengthen the 
IRSE’s communications and branding, and improving the 
support we offer to Sections around the world.

IRSE Examination
With record numbers taking the exam in both 2014 and 2015, 
we need to address the increasing demands being placed on 
the Examination Committee and those involved in setting and 
marking exam papers. A working group is being established to 
consider how best to achieve this.

Beijing Convention
The 2016 Convention will take place between 10 October and 
14 October in Beijing. It will include technical papers, visits to 
both metro and mainline railway installations, a visit to Beijing 
Jiaotong University (which undertakes Research & Development 
work for railways), and a visit to one of the high-speed railways. 
A complementary programme of visits is planned for partners 
of IRSE members who attend.

The programme and booking details will be available from 2 
February 2016 via the February e-bulletin and in the February 
mailshot for those members who receive hard copies of IRSE 
NEWS.

We are planning to offer a number of bursaries for younger 
members to attend the Convention, and information about this 
will be made available with the booking details.

This represents a unique opportunity to learn about the 
continuing rapid growth in railways in China, in particular 
the development and application of train control and 
communications systems.  IRSE members and their employing 
companies are strongly encouraged to take advantage of the 
opportunity.

IRSE Strategy 2015–2020
The IRSE maintains a forward Strategy of planned 
developments and improvements, to support delivery of its 
objectives. The Strategy was revised and rewritten in early 
2015, and approved by the Institution’s governing Council at its 
meeting in April 2015. It was published in the June edition of 
IRSE NEWS. The Strategy addresses:

• The objectives of the Institution (as set out in our 
Articles of Association);

• Our vision for the role of the Institution;
• Our values;
• Our five strategic aims for 2015-2020.

The Strategy is supported by an Implementation Plan, which 
sets out in more detail the actions that the Institution intends to 
take to deliver the Strategy. The Implementation Plan is subject 
to regular review by the IRSE Council. The Strategy and the 
Plan are both available on the IRSE website under the About 
tab.

New online vacancies advertising
In association with Railway Gazette International we 
have developed a new jobs website for IRSE members. 
Advertisements for jobs and roles in any part of the world can 
be placed here, and if you are thinking of changing jobs, this is 
the place to look. The Jobs Board is accessible from the main 
IRSE website or at www.railwaygazette.com/irse. 

IRSE MATTERS
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IRSE MATTERS
An overview of the application process for Incorporated Engineer

Judith Ward BEng (Hons) CEng MIET MIRSE 
Practice Manager — Early Careers, Atkins

The IRSE, a Professional Engineering Institution of the 
Engineering Council, has been registering suitably qualified 
members in the grades of Chartered Engineer (CEng), 
Incorporated Engineer (IEng) and Engineering Technician 
(EngTech) for a number of years.  The requirements for each 
of these registration levels are laid down in the Engineering 
Council’s standard, UK-SPEC (UK Standard for Professional 
Engineering Competence. The flow chart of the process is shown 
at the bottom of this page).

To give an overview of each stage of the process, I’ve talked to 
Gerry Loughran, one of our successful IEng candidates, my fellow 
interviewer, Roger Penny, and to Christine White in IRSE HQ.

...So, starting with Gerry, what was his interest in applying for 
IEng?

“Since leaving university and starting within the railway 
industry, the idea of being able to apply for IEng on the way to 
CEng status has always been an ambition as part of my career 
development in conjunction with the IRSE Design licensing 
scheme.  I think that the opportunity to apply and be successful 
in achieving any Engineering Council accreditation and further 
your knowledge, career and job prospects should be appealing 
to anyone within the Engineering industry.”

Was it really a long process?

“The initial application to confirm with IRSE HQ that my 
competency level was sufficient to apply for the correct level of 
accreditation (IEng in my case) took literally minutes. Then once 
my initial application had been sent to HQ, it took a few weeks 
for me to hear that they had approved me to proceed to the next 
stage, for which I had to submit my Summary of Evidence report. 

“The Summary of Evidence report did look daunting at first 
having five sections to complete with various questions within 
each section. However, applying for IEng shortly after achieving 
my Designer’s IRSE licence, the evidence put forward on my 

Competence Assessment Checklist (CAC) form provided a good 
amount of base information and evidence for the IEng Summary 
of Evidence report.

“One big advantage that I found was having accredited CEng 
colleagues within the office to discuss the Summary of Evidence 
report with and to act as my sponsor, ensuring that I was inserting 
the correct type of criteria (quality rather than quantity!) into the 
Summary of Evidence report.”

Once his Summary of Evidence form was submitted, what 
happened then?

“With any submission or report being reviewed (like a CAC form 
for a new licence in my case), there is always a certain amount of 
anxiety involved, with you hoping you’ve completed it to the best 
of your ability, and this was exactly the same!  Within five to six 
weeks of my Summary of Evidence being submitted, an interview 
was arranged at IRSE HQ.  I wasn’t expecting to be called for an 
interview, plus never having never been to Birdcage Walk, I didn’t 
know what to expect (being called to HQ, would I be in the dock 
beside the Houses of Parliament?).  Fortunately the pre-arranged 
2013-2014 IRSE Scottish section lecture programme gave me the 
opportunity to meet one of the speakers (Judith Ward), who, I’d 
just been informed, was to be one of my interviewers!  To ensure 
independence on my application, I was able to ask general 
questions about the interview and the amount of evidence and 
information to take with me on the day, which helped quell my 
concerns a little.”

A harder question for Gerry to answer, considering Judith was 
asking him; what was the interview like? 

“After speaking to my sponsor and other accredited colleagues 
regarding their experience of interviews for the Engineering 
Council (mostly through either IET or ICE), the interview sounded 
pretty detailed and extensive.  I prepared as much as possible for 
the interview, and was confident in the evidence I provided for 
the IEng certification.
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“Getting the chance to visit IRSE HQ was pretty impressive, as 
the building has so much history as an Institution of both the IRSE 
and the IMechE.

“After meeting the two interviewers (Roger and Judith) and 
having an informal chat about what the interview would entail, 
we ran through my Summary of Evidence report.

“The interview was relaxed and informal, very different to what 
my colleagues who processed their applications through different 
Institutions had mentioned.  Once the interviewers were happy 
that they had completed the interview, we were able to discuss 
how I was doing in my current job and other prospects of my 
career. This was a very welcome personal touch, considering the 
number of applicants they must have to help progress.”

What happened next, from Gerry’s point of view?

“Roger and Judith ran through what would happen next to my 
application, including critical dates like Membership Committee 
and Council, so that I’d have an idea how long it would take to 
hear from them. I received my IEng certification within four to five 
weeks of my formal interview.

“Coupled with my accreditation and the successful completion 
of a recent number of projects, I was promoted to Senior 
Designer within my team, and I look forward to continuing my 
career progression coupled with the IRSE and the Engineering 
Council.”

Considering now Gerry’s interviewers, Roger Penny and myself, 
the initial question is what do you need to do to be a Professional 
Registration Interview (PRI) interviewer for IRSE?

“Roger’s a Fellow and I am a Member of IRSE, and we are both 
Chartered Engineers.  Neither of us is going to admit how long 
we’ve worked in the S&T industry!  We’re both trained so that 
we can interview for IEng and CEng. This was a couple of hours’ 
training given by our Chief Executive to ensure that we fully 
understood the requirements and differences of the Engineering 
Council for each Professional Registration level.  (Roger also 
interviews for the IET so he also understands any differences 
between IRSE and IET applications.)”

When and how do we hear about candidates?

“Applications are brought to Membership Committee for 
review and discussion, and Roger and the other interviewers on 
Committee volunteer to take on the interviews.  HQ will get in 
touch and they see whether we are available to interview in the 
next month or two.  Of course it can be difficult getting dates in 
diary for us and the candidates, so we try to give a few options if 
we can.

“Once a date is confirmed, HQ will email us the CV and 
Summary of Evidence form for the candidate, and independently 
we’ll read these and come up with questions that may help us 
understand more about the candidate’s experience against each 
competency.

“If we know the candidate, then we have to declare this, and 
potentially another interviewer needs to be found.  For instance, 
when I met Gerry at a Scottish Section lecture, I let HQ and 
Roger know, but we all agreed that independence hadn’t been 
compromised, so I was able to continue as interviewer.”

What happens on the day of an interview?

“We both get to HQ in good time and compare our notes — 
discussing the candidate’s experience, evidence and potential 
questions.  If the interview is via Skype, HQ will have set it up for 
us to dial into — although this is a fantastic way of being able 
to interview non-UK based candidates face-to-face, it can also 
be pretty intimidating for the already nervous interviewee and 
unfortunately sometimes the technology lets us down.

“When the candidate is shown in, we try and put him or her at 
their ease — it isn’t a job interview, it is their opportunity to tell 
us more about their application and themselves!  We normally 
run through their CV to get a proper understanding of their 
experience to date, and then talk or ask questions around each 
of the competencies. Generally we take it in turns to ask and 
take notes, and of course we’ll look through the evidence that 
they bring with them, normally their IRSE logbook.  This probably 
takes an hour, and hopefully the candidate finds it an enjoyable 
experience rather than a terrifying one!  We do ask more than just 
about the candidate’s work and evidence — we are interested in 
how the candidate is hoping to progress.  It also helps that we 
are both S&T engineers, so we do understand the industry and at 
least some of the candidate’s experience.

“Once the interview is finished, and the candidate has left, we 
then pore over the paperwork.  We have to score the candidate 
against each Engineering Council defined competence and put 
a comment about the evidence for it, then do mental arithmetic 
to calculate average and total scores.  Each Professional 
Registration level requires minimum scores for each group of 
competencies and overall.  If the candidate has reached these, 
just like Gerry, we make our positive recommendations.  We then 
pass the paperwork forward to HQ for them to complete the 
process.  Roger is on the Membership Committee, so if there are 
any questions later (hopefully not), Roger can answer them.  If the 
candidate is unsuccessful, our notes will help to explain why, so 
that they can have that feedback.”

...Finally, moving to Christine, how does she and the others at 
HQ fit in?

“People often don’t quite know where to start when it comes to 
Engineering Council registration.  I provide some detail and then 
direct them to IRSE’s website, where they will find comprehensive 
details, including the qualifications and the competences 
required for the three grades of registration.  They can then look 
at their own experience and decide the most appropriate grade 
for them.

“The ‘About Engineering Council registration’ document on 
the website contains an ‘Initial application for Engineering 
Council registration’ form, and completing this is the first step to 
registration.  This is a simple form on which the applicant must 
add basic details including their qualifications and details of 
employment.  I make an initial assessment of their qualifications, 
including a check to see whether they are accredited by the 
Engineering Council.  Those with awards from outside the UK, 
are checked via NARIC, the UK agency for the recognition and 
comparison of international qualifications.  The qualifications of 
most applicants are considered by the Individual Case Panel, 
whose role it is to look for underpinning knowledge to the 
appropriate standard.  They also consider details from those who 
have no formal engineering qualifications, which is very much a 
much longer and harder route for the applicants, involving many 
stages of questions and reviews of experience and knowledge.

“Once an applicant is deemed to have met the Interim stage 
requirements, he or she is then sent a Summary of Evidence 
Report form, on which they must record their Final stage 
competences.  When we receive the completed Report, we 
arrange for an initial assessment to be made, and then we start 
the Professional Review Interview process.  We try to spread 
the workload across all our interviewers, but of course some 
are busier than others.  Interviews normally take place at IRSE’s 
headquarters in London and those who live outside the UK are 
normally interviewed via Skype.  Once a date is fixed we advise 
the candidate in writing.

“After the interview, I circulate reports to the next Membership 
Committee.  The Committee, which sits approximately every 
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seven weeks, considers the reports carefully and typically 
accepts the recommendation, if they are in agreement (although 
they do disagree on rare occasions).  An Engineering Council 
representative comes to Membership Committee meetings, so 
we can ask for assistance from him on occasions when we need 
specific advice.  Once the Membership Committee is happy 
with the recommendation, this goes to Council for approval, 
after which I record relevant details on the Engineering Council 
database.

“The process for EngTech applications is exactly the same, 
although candidates are not normally interviewed.  Desk-top 
audits are conducted and reports of those are circulated to 
Membership Committee for consideration in the same way as 
IEng and CEng reports.  Recommendations are then approved by 
Council, after which I record details on the Engineering Council 
database.”

To complete this quest into professional registration 
applications, I managed to extract a quote from Robin Kerr 
(Gerry’s boss). 

“Professional Development has always been encouraged within 
the railway industry and in the railway signalling environment in 
particular.  As we know, it is something that the IRSE is very keen 
to promote and has been included in its Signalling Licensing 
Assessment schemes for some time.  In my experience, Gerry is 
one of a relatively small number of signalling engineers who have 

taken time to pursue Engineering Council accreditation and he 
is an example to his colleagues in that respect.  I hope that the 
industry continues to recognise and reward people like Gerry 
when they strive to achieve professional registrations such as 
IEng.”

To conclude, if you are interested in gaining Professional 
Registration and gaining recognition for the work and knowledge 
you’ve gained to date in your career, then 

• Follow the process on the IRSE website;

• Ensure that your CV is clear and concise;

• Use several examples/projects for your Summary of Evidence, 
but don’t worry that you are repeating yourself in different 
competencies (just like IRSE licences);

• Keep the IRSE informed if you have changed roles or 
companies since you sent in your application, either by letting 
HQ know or by informing your interviewers at the start of 
your interview.

And finally a request for anyone interested in becoming 
an interviewer: please do so to help spread the load for us 
interviewers. It is interesting and a great way of keeping in touch 
with the ever changing S&T industry.

My thanks to Christine White, Gerry Loughran, Robin Kerr and 
Roger Penny.

New Regional Director for Scotland at Linbrooke Services

Mike Burns joined Linbrooke Services on 19 October 2015 to 
become the new Regional Director for Scotland. 

Studying Mechanical Engineering, Mike graduated from 
university in 2000 with an impressive first class degree and the 
healthy drive to continue with his success. Beginning his career 
at First Engineering, he worked solidly for four years on minor 
signalling renewals and enhancement works before moving to 
asbestos specialists Rhodar for two years, and eventually to 
Westinghouse Rail Systems, which later became Invensys and 
then Siemens, where he has worked for the past eight years. 

Focussing predominantly on the project management of 
multi-discipline schemes, Mike has led a number of high-profile 
projects, including the Edinburgh Waverley Infrastructure 
Enhancements, Airdrie to Bathgate and Linked Improvements 
(A2B), the London Victoria Line Upgrade and the Edinburgh to 
Glasgow Improvement Programme (EGIP). He also mobilised 
and led Siemens’ successful bidding and tender process for the 
Thameslink Key Output 2 programme. 

Mike’s delivery experience and business initiative make a 
complementary fit for Linbrooke’s current and future growth, and 
both parties are excited about his support with the refinement 
of project delivery controls and the business’ growth journey. 
Expressing his enthusiasm, Mike stated that: “Coming from 

a strong management and delivery background, Linbrooke’s 
ethos and vision align perfectly with my own and I am very much 
looking forward to being a part of the Linbrooke leadership 
team.” 

ON THE MOVE
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MIDLAND & NORTH WESTERN SECTION

Manchester Meeting: ‘Liverpool Lime Street Resignalling’
Ian R Bridges FIRSE

The final meeting of the M&NWS for 2015, kindly hosted by 
Arup, was held in their Manchester office on 3 December 2015, 
with around 35 attendees.  The presentation was given by 
Ian Fury (Network Rail IP Signalling) and Steve Dapré (Signalling 
Design Group, Reading), covering the subject of Liverpool Lime 
Street resignalling.

Steve opened the talk by discussing how the Governance for 
Railway Investment Process (GRIP) stage 2-3 of the development 
had evolved into what is quite a complex project.  Liverpool 
Lime Street renewal was always been going to be technically 
difficult and expensive to achieve and thus has often been 
put on the back-burner by successive infrastructure owners.  
Changes have been made to the layout over the years but with 
the Westinghouse Brake & Signal Company 95-lever ‘Style 
L’ power frame now nearing 70 years of age (commissioned 
25 January 1948), the installation is need of replacement.

With the station built on arches and the access to it constrained 
by a vertical-sided sandstone cutting, there were not too many 
radical solutions available.  However, the existing layout, dating 
from the days of locomotive-hauled trains, is not ideal for modern 
services. There are central stabling sidings between some of the 
platforms and in the centre of the layout in the tunnel under St. 
Andrews Street.  Along with poor sighting of a number of the 
signals, short, narrow and bendy platforms and complicated 
point layouts, it is time for a more modern solution.

Steve went on to tell us that the early development involved 
all the stakeholders, complicated by the number of them.  There 
are five different Train Operating Companies (TOCs) that have 
an interest in the station (and a sixth if Merseyrail is included), 
who have access to the low level station from the main station.  
‘Option A’ formed a very simple and minimalistic layout, reducing 
the Signalling Equivalent Unit (SEU) and Switches & Crossings  
(S&C) counts significantly, which was likely to be unacceptable, 
but on which the additions could be added.  At the other end of 
the scale, ‘Option Z’ was developed, providing three additional 
platforms with much greater operating flexibility, but had the 
disadvantage of being very expensive.  In the middle, ‘Option M’ 
was developed, providing one extra platform between platforms 
6 and 7.  After much stakeholder involvement, a layout was 
agreed that now forms the basis of the GRIP4 development.

Ian now introduced the second half of the talk, in which 
he discussed how the more detailed GRIP4 development is 
progressing.  Extensive use has been made of 4-D (3-D plus 
time schedule) modelling, employing the very detailed Bentley 
signal sighting tool and information imported from a Buildings 
Information Management (BIM) model at its core.  The model 
has been crucial to developing the signal sighting strategy and 
gaining buy-in from the TOCs.  The construction of the curved-

arch bridges across the cutting and the curved tunnel roofs 
prevent signals being placed in the conventional positions.  
Instead full-size, ground-level signals will be provided in a 
departure from current practice, providing just one full-size route 
indicator for both the main and the shunt routes.  The shunt 
aspects will be placed behind the main aspects, as these will not 
need to be read by drivers from a great distance.

The new infrastructure will be controlled from six Relocatable 
Equipment Buildings (REBs), a decision made based on the 
Ingress Protection (IP) rating of the proposed equipment, which 
could not be put into location cases.  Ian explained that this led 
to further issues about where to place the REBs in this confined 
location.  The decision was made that one would be placed on 
the new platform 5 at railway level, whilst the other five would 
be placed at street level above the cutting.  This of course led to 
further issues to be resolved: how to route the cables from the 
street to the railway (past the 25kV overhead line equipment).  
A Hazard Identification (HAZID) meeting was held to consider 
options and develop a solution.  To minimise the number of 
cables to be managed, large multicore cables will drop down 
from street level to lineside distribution cabinets, from where 
smaller cables will be run to the individual assets.

The signalling interlocking, a single Trackguard Westlock, 
will be provided in Manchester rail operating centre (ROC), 
and will exploit Network Rail’s Fixed Telecomms Network Next 
Generation (FTNx) to use Internet Protocol (IP) to communicate 
with the Zone Controllers (Zone Controllers are Siemens’ 
replacement asset interface to replace conventional Trackside 
Functional Modules) in each of the six REBs.  A new telecomms 
node will be provided at Liverpool Lime Street, connected to the 
existing node at Edge Hill by a new length of fibre cable, and 
via James Street on the Loop/Link to provide alternative routing.  
Cybersecurity will be considered jointly between NR and Siemens 
to ensure the IP networks are secure and to mitigate all possible 
risks. Diagnostics capability for signalling and telecomms assets 
will be provided at Sandhills Integrated Electronic Control Centre 
(IECC), where the local technicians are based, and will include the 
capability for full application and removal of technicians’ controls.

Following their excellent presentation, Steve and Ian answered 
questions from the audience, in which we learned that Lime 
Street controls will be applied to the new layout, that passive 
provision has been made for the provision of ETCS and that 
visitors to Liverpool contribute £4bn to the local economy every 
year.

The M&NWS committee wish to express their appreciation to 
Steve and Ian for their presentation and to Arup for providing the 
accommodation and buffet.
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YORK SECTION
October and November Meetings:  

‘Evolving technology and the role of the Telecommunication Engineer ‘ 
and ‘International Railway Consultancy’

Tony Pinkstone

Quentin Macdonald , the York section Chairman, welcomed 
members and guests to the October meeting to George 
Stephenson House on 22 October 2015.

The Chairman then introduced the speaker, Simon Prins of 
Atkins, who presented his paper on ‘Evolving Technology and 
the Role of the Telecommunications Engineer’. Simon firstly gave 
an outline of his career,  which began in the Reading Technical 
Investigation Centre in 1995,followed by secondment to LUL, 
and then to his present role as Contractor’s Responsible Engineer 
with Atkins Rail Telecomms at York. Simon then showed a slide 
giving the significant dates in the history of telecomms from the 
introduction of the Electric Telegraph by Cooke and Wheatstone 
in 1837. This showed that telecomms preceded mechanical 
signalling on the railways!  The last entry on the slide was the 
establishment of the National Telecomms Network in 1969 
with the completion of the 4MHz coax transmission nationwide 
network.  2002-4 saw the start of the feasibility studies and the 
design of the Fixed Telecomms Network, FTN. The build began 
in 2005 and is still ongoing! Simon detailed how the system used 
12-channel FDM transmission grouped into 60 and 960 groups. 
Transmission bands were 300–3,400Hz with 4kHz spacing. Early 
work was associated with resignalling schemes in the Rugby and 
Northampton area.

Simon then explained how PDH (Plesiochronous Digital 
Hierarchy) had been superseded by Synchronous Digital 
Hierarchy (SDH) to enable large amounts of data to be 
transmitted without synchronisation problems. Systems used a 
64kbit/s data channel. Methods of adding and dropping channels 
and multiplexing were detailed. The application of the FTN and 
SDH to the East Kent rail operating centre (ROC) was detailed, 
including the use of primary multiplexing with C703 contra-
directional interface for SSI. Slides of the equipment cases, racks 
and connectors were shown. Samples of different types of fibre 
optic cables were passed around the room.

The pros and cons of circuit versus packet switching 
were explained. Topics then covered were open systems 
interconnection, and the development of Wave Division 
Multiplexing, ORBIS (Offering Rail Better Information Systems), 
and how the FTN would be used to deliver the European Train 
Control System (ETCS).

A new breed of S&T engineer would be required with IT 
infrastructure experience. Simon went on to explain multi-
protocol label switching. The FTN is also needed for supporting 
GSM-R cellular radio, with further demands on capacity. He then 
showed slides of projects he had been involved in, including 
Peterborough and East Kent. SISS (Station Information and 
Surveillance Systems) was another development, in which large 
amounts of data would need to be transmitted around the 
network, as would the live condition-monitoring of equipment 
from the lineside. Future systems could be considered as a 
‘railway internet’.

Ian Moore gave a vote of thanks for what had been a very 
interesting paper on the current developments in railway 

telecomms. The speaker had covered a wide range of topics in a 
way that was very enlightening to the signal engineers present. 
There were 14 members present and one guest.  

The next meeting was held on November 19 when the 
Chairman introduced the speaker, Keith Paling, who then 
presented his paper on ‘International Railway Consultancy’. Keith 
firstly gave a definition of a consultant as someone providing 
advice, using his own knowledge as a source. Keith had worked 
on 76 projects in 39 countries for 52 clients. He had worked on 
most elements of consultancy, including due diligence, strategy, 
pre-feasibility and feasibility studies, concept design, technical 
specifications, cost estimates, cost-benefit analysis, design 
review, condition assessments, independent safety assessments, 
technical investigations, audit, expert witness and lessons learnt 
at project close-out. Client profiles include very high speed rail 
(250 km/h +), high speed rail , mixed traffic,  general freight, 
heavy haul (trains of up to 40,000 tons with eight locos of up to 
4,400HP each), heavy and light metros, trams and tram-trains 
as proposed between Sheffield and Rotherham. This involved 
working for national and local government bodies, banks, 
railways, rolling stock manufacturers, and in rail industry sectors. 

Keith started his career as a trainee with English Electric, Vulcan 
Foundry in the days when steam was giving way to diesel-electric 
in the form of the famous Deltics and Type 4 (latterly Class 40) 
locos. This was combined with studies at Bradford University. He 
was then employed as a test engineer at the Vulcan Foundry, 
Preston. He worked on English Electric projects in East Africa, 
Egypt, Malaysia, Pakistan, Spain, Jordan, New Zealand, Portugal 
and Thailand. From 1969 this was followed by a spell at the 
BR Derby Research Centre involved in accident investigation, 
working on more than 100 incidents. Moving into consultancy, 
an interesting project was the re-activation of a derelict iron ore 
railway in Liberia. Unfortunately the locals had made off with 
most of the assets for scrap! Keith showed an example of a 
timetable of another iron ore line in Senegal. 

After Transmark had been sold to Atkins, Keith had been 
involved in Iraq on a 25-mile long circular route around Baghdad. 
This was somewhat overtaken by the Gulf War.  While in Iraq 
there were opportunities for sightseeing and other adventures 
in the desert. Other projects in the area included the Medina–
Mecca railway for the millions of Muslim pilgrims on the annual 
Hajj pilgrimage. While in Thailand he visited the infamous 
River Kwai railway, which has been reinstated in part as a tourist 
attraction. Recent projects included Stockholm Airport trains and 
the proposed Russian broad gauge line westwards to Vienna to 
create a Pacific-Europe Land Bridge for intermodal traffic.  Keith 
is involved at present with the new Thameslink 700 Class trains. 

Grace Nodes gave a vote of thanks for what had been a very 
interesting paper on a topic outside the field of railway signalling. 
The speaker had covered a wide range of projects in what must 
have been a very varied career, which was very enlightening to 
the signal engineers present. There were 12 members present 
and one guest.  
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YORK SECTION YOUNGER MEMBERS SECTION
Technical Visit to the Rail Accident Investigation Branch

Helen Kellaway

On Friday 2 October 2015 the Rail Accident Investigation Branch 
(RAIB) opened up its doors and welcomed 25 IRSE younger 
members into its southern operational centre, which is located 
within the grounds of Farnborough airport.  This was the first time 
the RAIB had opened its doors to members of the IRSE (indeed 
to the industry in general) and all the delegates were keen to find 
out more about the Branch.  The RAIB also has an operational 
centre in Derby, employing in total 26 full-time inspectors and 17 
support staff.

We were welcomed by Richard Brown, one of the 14 full-time 
inspectors based in Farnborough, who had arranged this visit 
following the interest generated from the presentation that he 
gave about the RAIB to the IRSE Younger Members Annual 
Seminar on the 12 December 2014.

Mr Brown commenced the day by giving a presentation on 
the history and operation of the RAIB, which celebrated its 
tenth anniversary in October 2015.  The body was established 
in response to recommendations made by Lord Cullen (who led 
the public inquiry into the 1999 Ladbroke Grove rail accident).  
One of these recommendations was to set up an independent 
investigation body with the sole purpose of improving safety on 
the railway network.  The RAIB is responsible for investigating 
accidents in order to establish the causes and subsequently 
makes recommendations to prevent similar accidents occurring 
again. The RAIB plays no part in apportioning blame or liability, 
however.  

Following this introduction we were given tours of the site which 
included the ‘dirty’ and ‘clean’ workshops, where inspectors 
explained the various types of work they undertook there.  
Presentations of incidents of interest were given describing the 
methods and the tools used to determine cause.

All of the inspectors have differing expertise that they bring to 
the Branch, such as a background in signalling, the work of the 
British Transport Police or human factors.  There are no particular 
qualifications needed to become an inspector; however, there is 
a rigorous application process that applicants have to undergo 
before being considered for a position as an inspector.  The 
successful applicants then have a year of intensive training before 
joining the on-call roster in which they develop their skills, under 
mentorship, to finally become a lead inspector on their own 
investigation.   

Various tools are utilised including the video spectral 
comparator, which can be set to emit different frequencies 
of light such as UV, infrared and visible light at various angles 
at seized documents.  This can then be used to look at text 
obscured by correction fluid or to determine whether handwriting 
in logbooks has been modified at a later date.  There are also 
tools such as high-power microscopes and high-resolution 
cameras that the Branch uses when investigating and gathering 
evidence, the uses of which were all discussed as part of the tour.

Another presentation described the steps that lead inspectors 
go through to set up an investigation site when they turn up at 
the scene of an incident.  The main example used was Grayrigg, 
as it was a major incident that required the co-operation of many 
organisations such as the emergency services, the media and 
Network Rail.  

During lunch the inspectors mingled with the delegates, 
discussing various incidents and answering any questions that the 
delegates had.

For the final session of the day group members were joined 
by the acting Chief Inspector, Simon French, who gave a short 
presentation on the issues facing the industry and the Branch, 
followed by a question and answer session.  The delegates asked 
Mr French a range of questions, from the working of the Branch 
to specific accidents of interest.  

The visit was held the day before the IRSE exams and hopefully 
it gave a helpful break from revision, providing those taking the 
exam with some additional information or paradigm that they 
could use to gain a few extra marks.

The IRSE Younger Members committee would like to say a huge 
thank you to all the inspectors at the RAIB for taking time out 
of their busy schedules to give the delegates an insight into the 
workings of the RAIB.  A special thank-you goes to Richard Brown 
for organising this event and providing the delegates with a very 
memorable technical visit.

Below: A total of 18 IRSE younger members made the journey to the 
RAIB’s Farnborough establishment, on an autumn day when they were 

blessed with brilliant weather. Photo Helen Kellaway.
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Current Membership: 5378

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

FELLOW
Krishnan V K Siemens India
Puthenpurayil S K Systra Saudi Arabia
Schmid R Siemens Switzerland

ASSOCIATE MEMBER
Ali N M Ansaldo UAE
Babu B Siemens India
Balakrishnan P Rapid Rail Malaysia
Barley S C Babcock International UK
Cashmore D Signalling Solutions UK
Chapman C P Signalling Solutions UK
Chavan P Indian Railways India
Georgiou C London Underground UK
Gupta A Bombardier India
Hasmadi A k I Apex Comms Malaysia
Heppell O J Amey UK
Kunnathu A Systra Saudi Arabia
Mathew S Siemens India
Mujawar R Bombardier India
Na Z 14th Research Inst CETC China
Nicolleau P A M Ansaldo Australia
Perez Fernandez F Siemens Spain
Phasouliotis A Interfleet UK
Powell J G Siemens UK
Sharma R K Indian Railways India
Simpson K Amey UK
Surroca B Transport for London UK
Tan S W W Land Transport Authority Singapore

AFFILIATE

TRANSFERS
MEMBER TO FELLOW

ASSOCIATE MEMBER TO MEMBER

MEMBER
Arora A K Rites Ltd India
Callaghan P Interfleet UK
Joubert S M Ansaldo Australia
Lange M C Siemens Germany
Paschal J TVM India
Quinzico B Ethihad Rail PJSC UAE
Sizar A Hatch Mott MacDonald USA
Wong K M Pypun-KD & Associates Hong Kong

Black D Thales UK
Cao C Rogge UK
Chou Y H Tracsis UK
Clarke A Siemens UK
Evans J Siemens UK
Gould K C Atkins UK
Harris G Bluebell Railway UK
Houriez E Alstom France
Jones N Jessana USA
Loveless S Siemens UK

D’Cruz S Etihad Rail UAE
Khella T S Mass Rapid Trans Corp Malaysia
Lali M S London Underground UK

Gebrewold Y Rail Control System Australia
Phillips C J Balfour Beatty UK
Worsfold K Thales UK

AFFILIATE TO ASSOCIATE MEMBER
Mitchell G T RSSB UK
Richardson C A Volker Rail UK

DEATHS
It is with great regret that we have to report the death of 
the following members: Fouvy C L, Gretton J R, Mirando C, 
Ojekwe S L O and Tinkham C C.

RESIGNATIONS
Alexander P D, Henderson R C, Kerr G, Slater J, Vernimmen A.

ENGINEERING COUNCIL REGISTRATIONS
Congratulations to members Flaherty R and Gonye S S who have 
achieved their final stage CEng registration, and Madhusudanan P 
who has achieved final stage IEng registration.

AFFILIATE TO MEMBER

Ang S H Ansaldo Australia
Brammer R A Siemens UK
Bristow M Network Rail UK
Eastmond S Arup UK
Goley P K Public Transport Auth WA Australia
Joshi K C SERCO Middle East UAE
Limbachia K Atkins UK
Muller P S R Alstom Australia
Spek H L Grontmij Netherlands
Van Schijndel B J BAM Rail Netherlands
Yu Z K Alstom Australia

RE-INSTATEMENTS
Noohukannu A and Rathore B S.

AFFILIATE (CONTD)

ACCREDITED TECHNICIAN
Clark M Amey UK
Stemele C P PRASA South Africa
Terry A Signalling Solutions UK

Maram V UGL Australia
Maton C Telent UK
Murray G G Siemens UK
Othman F Land Transport Authority Singapore
Polanco Garcia O A Alstom Spain
Prabhu S D University of Birmingham UK
Rogers P Atkins Australia
Shanmugaratnam T Interfleet UK
Stead A Instead Consulting UK
Tan J Land Public Transport Malaysia
Vadon D Network Rail UK
Volkers H Asset Communications Netherlands
Wu Y University of Birmingham UK


