
IRSE NEWS
ISSUE 216 NOVEMBER 2015



WE CAN 
PROVIDE THE 

TRAINER AND BRING 
THE KNOWLEDGE AND 

EQUIPMENT TO YOUR DOOR!

We have built equipment designed to be transported to clients’ sites’ 
or within our own training centre to be moved to other classrooms 

giving us more capacity for delivering practical training. 
This allows some Introduction and Testing courses to be delivered 

off-site at a venue to suit the client and thus help to reduce their costs. 

- Flexibility for the client to choose the venue.

- Equipment arrives and only needs a 240v socket.

- With minimal setting up the training can begin.

- Once the event is completed the room is easily cleared.

01332 343 585
enquiries@signet-solutions.com

www.signet-solutions.com



IRSE NEWS |  ISSUE 216  |  NOVEMBER 2015 1

IRSE NEWS is published monthly by the Institution 
of Railway Signal Engineers (IRSE). The IRSE is not 
as a body responsible for the opinions expressed in 
IRSE NEWS.

© Copyright 2015, IRSE. All rights reserved. 
No part of this publication may be reproduced, stored 
in a retrieval system, or transmitted in any form or by 
any means without the permission in writing of the 
publisher. Copying of articles is not permitted except 
for personal and internal use. Multiple copying of the 
content of this publication without permission is always 
illegal.

Editor
Ian J Allison
11 Sycamore Road, Matlock, Derbyshire, DE4 3HZ, UK 
Tel +44 (0) 7794 879286
e-mail: irsenews@irse.org

Deputy Editor
Andrew Emmerson
71 Falcutt Way, Northampton, NN2 8PH, UK
e-mail: andrew_emmerson@btinternet.com

Assistant Editors
Harry Ostrofsky  (Africa)
e-mail: thehzos@icon.co.za
Tony Howker  (Australasia)
e-mail: ahowker@bigpond.com
David Thurston  (N America)
e-mail: david.thurston@temple.edu 
Mukul Verma  (Asia)
e-mail: mrverma@gmail.com
David Fenner  (Europe)
e-mail: dc.fenner@talk21.com  
Priyank Patel  (Younger Members)
e-mail: priyankpatel@tfl.gov.uk
Helen Kellaway  (Social Media)
e-mail: helen.kellaway@siemens.com

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

Production, Typeset & Layout
Mark Glover
e-mail: mark@polunnio.co.uk

Advertising
For advertising rates and deadlines call
Andrew Walker at DVV Media
Tel: +44 (0)208 652 5214
e-mail: andrew.walker@dvvmedia.com

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

Web Site
For up to date information about the Institution or its 
activities, or to download a membership application 
form, log on to the IRSE Web Site: www.irse.org

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

Enquiries
MeMbership or of a General nature

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

Tel: +44 (0)20 7808 1186 e-mail: training@irse.org
licensinG

Tel: +44 (0)20 7808 1190 e-mail: licensing@irse.org

www.facebook.com/IRSEUK
www.facebook.com/IRSEOz
www.facebook.com/ian.allison

NEWS VIEW 216

In this issue of IRSE NEWS, we welcome some new editorial team members on board 
to assist with the continued success and development of this magazine.
David Fenner, whilst now retired, spent just over 40 years in railways signalling, 

working for British Rail and its successor organisations since 1968. The majority of his 
career was spent with new technology, developing and approving systems to enhance 
operation or safety of the railway network. David has now taken over as Assistant Editor 
(Europe) from Wim Coenraad. David’s contact email address is dc.fenner@talk21.com.
Mukul Verma has about 25 years of experience as a signal engineer within Indian 

Railways involving design, safety certification, installation and maintenance of signalling 
and telecommunication systems. He also has some 10 years of experience within 
industry in design and development of safety systems including application design of 
the Train Control system for Hyderabad Metro. He is currently working as President – 
Signalling and Safety systems in Himachal Futuristic Communication Ltd, Delhi, India. 
Mukul has now taken over as Assistant Editor (Asia) from Buddhadev Dutta Chowdhury. 
Mukul’s contact email address is mrverma@gmail.com.
Helen Kellaway, currently Younger Members Section Chairperson for 2015-2016, joins 

IRSE NEWS in the new role of Assistant Editor (Social Media). This role entails providing 
relevant information to social media — such as Facebook and Twitter for example — 
about the Institution and IRSE NEWS, but more importantly, collecting feedback about 
the Institution and IRSE NEWS, in order that the editorial team can act upon it and 
respond accordingly. This role will involve coordination with the social media activities 
currently undertaken at the Institution HQ in London, and it is hoped that other social 
media groups involved with the Institution will also provide feedback via this new role. 
Helen is a Lead Systems Engineer on Control Centres, Research & Development for 
Siemens Rail Automation in Chippenham, UK. Helen is also a STEM, Young Railway 
Professionals and Siemens Engineering Ambassador. Helen’s contact email address is 
helen.kellaway@siemens.com.
I very much welcome the new editorial team members and give grateful thanks to 

Wim Coenraad and Buddhadev Dutta Chowdhury for their fantastic contribution during 
their time with the magazine. Here’s to the future!
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Paper to be read in Birmingham on 11 November 2015

INTRODUCTION
The UK Government’s 2011 value for money study on the UK 
railways (Department for Transport, 2011) found that:

…the effectiveness of the industry’s Information Systems 
is inhibited by a suite of legacy systems that are expensive 
to run, unable to communicate with new technology and 
encourage users to develop a wide range of bespoke local 
systems to overcome limitations. Many legacy systems were 
created and managed in company silos, with only a few 
systems crossing industry boundaries.

In response, the industry has since been looking hard at both 
its current systems catalogue and future information needs. In 
particular, the 2012 Rail Technical Strategy (RTS) (TSLG, 2012) 
presented a vision of the future railway where:

the businesses in the industry are information-rich and use 
that information effectively to enhance and drive decision-
making processes. Advanced and appropriate decision 
support tools are in place and in use on a daily basis.

The Semantic Web (Berners-Lee et al., 2001) is expected to 
be the next generation of the World Wide Web, in which data 
resources are enriched with machine-processable metadata that 
describes their meaning (Denker, 2005). Through the provision 
of this additional contextual information, computers on the 
Semantic Web are able to better understand and evaluate the 
appropriateness of data for responding to user queries, leading 
to increased automation of data processing tasks, more effective 
search and more accurate responses. As of October 2013 more 
than 15 per cent of websites implement some Semantic Web 
technologies (Guha, 2013).

Two of the cornerstones of the Semantic Web vision are 
conceptual data models and linked open data. For the Semantic 
Web, the World Wide Web Consortium (W3C) has recommended 
that these be implemented in the form of ontologies (see below) 
and the Resource Description Framework (RDF) respectively, with 
RDF enabling the description of simple facts (e.g. locomotive 
hasPart wheel) and ontology allowing those facts to be placed in 
an unambiguous context (essentially, relating each element to a 
concept in a published model of the world). In computer science 
and information science, an ontology is a formal naming and 
definition of the types, properties, and interrelationships of the 
entities that really or fundamentally exist for a particular domain 
of discourse (definition by Wikipedia).

This paper aims to show how shared, open access ontologies 
and linked data could help the British rail industry realise the 
vision presented in the RTS, particularly around the area of 
Command, Control and Communications, facilitating access to 
information resources and enabling their easy integration and 
combined usage in forming responses to operational queries. 
The study shows how ontology will enable the industry to adopt 
a ‘build once’ approach to application development, protecting 
software from changes to physical systems in the real world.

The paper begins by introducing the key technologies being 
discussed, namely ontology and RDF, and explains their 
relationship to each other and to the rest of the Semantic 
Web. It then touches on some common concerns around the 
technologies, in particular security considerations, before 
presenting a series of brief case studies discussing how Semantic 
Web technologies have been used in other domains (oil and gas, 
retail and the public sector).

After this, the paper introduces the core ontology model for 
the rail domain, developed at the University of Birmingham, 
before finally illustrating some of the benefits of ontology models 
through an example using vehicle positioning to demonstrate 
the preservation of application functionality through a systems 
upgrade.

ONTOLOGY AND LINKED DATA
Ontologies are content theories about the sorts of objects, 
properties of objects, and relations between objects that are 
possible in a specified domain of knowledge. They provide 
potential terms for describing our knowledge about the 
domain. (Chandrasekaran, Josephson and Benjamins, 1999). 
Put simply, ontologies describe data by referencing published 
models of a domain. Because of this, as long as the published 
models are both reasonably complete and share common root 
concepts, ontologies allow computers to combine pieces of 
information drawn from different data sources, to understand 
the relationships between them, and to infer new facts about the 
world.

In practice, two things are required to develop an ontology: a 
set of controlled vocabularies of terms used within the domain, 
and a set of related classes and rules that can be used to 
describe the domain from a particular viewpoint. When using 
a conceptual data model, developers state the relationship 
between an item of data and the model of the world, allowing 
that data to be seen in context by the computer.

Once facts have been entered into an ontology, it becomes 
possible to use the relationships within the model to infer new 
information about the world, a process known as reasoning. 
On the simplest level this could involve the user stating that an 
object 377 401 is an instance of Class 377 and the reasoner then 
inferring that 377 401 must be a train, because the ontology 
shows that Class 377 is a type of train. Over and above this 
type of simple class-based reasoning, ontologies can be further 
enhanced by the additional of rules. The addition of rules makes 
it possible for ontologies to capture and use the more complex 
logical statements that are needed for complex decision making. 
For example the rule if axle bearing temperature sensor X has a 
reading of over 100 degrees, then the axle bearing which sensor 
X is monitoring is faulty can be used to conditionally add a new 
fact axle bearing y is faulty to the model if needed. By expressing 
these rules in the ontology, the operational logic associated 
with a domain can be stored in the data model, rather than in 
the code of individual applications, making it easier to manage 
changes (there is a single source to change, rather than many 
individual applications).
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The technology recommended by the W3C for the 
implementation of ontology models is the Web Ontology 
Language (OWL). Although to date the majority of 
implementation efforts around ontology have been in the 
medical and biological sciences, where the large number of 
existing controlled vocabularies and structured information sets 
has provided low-hanging fruit for development teams, the new 
models have attracted a certain amount of interest from many 
industrial domains, including transportation. Early adopters of 
the technology in this space include the EU-funded Framework 6 
projects REWERSE and InteGRail. The latter focuses specifically 
on the development of simple ontology models for rail and their 
application to a number of industry problems, such as network 
statement-checking for vehicles and the integration of data from 
different condition monitoring systems.

Although ontologies go a long way towards enabling businesses 
to derive new knowledge from their existing data resources (by 
allowing the meaning of data to be expressed unambiguously), 
the data itself must of course be accessible to all the potential 
end-users. Industrial information systems have traditionally 
existed as silos — self-contained entities that gather, process, 
archive and return their own data directly to the end-user for use 
in a specific context. In order to use the data from these silos in 
a wider context, interfaces must be provided that allow access to 
the data in known formats. The W3C recommends two principal 
standards for this purpose:  the Resource Description Framework 
(RDF), which defines a mechanism for storing facts in semantic 
data models and forms the basis for most modern ontologies — 
and SPARQL, a powerful query language designed to allow easy 
interrogation of datasets.

RDF is a modelling language that allows data and associated 
semantics to be stored using a graph-based approach similar 
to Entity-Relationship diagram models (Chen, 1976). RDF uses 
the concept of ‘triples’ to record relationships between defined 
entities, statements consisting of a subject (the entity the 
relationship is referring to), a predicate (the type of relationship, 
for instance ‘isA’), and an object (the piece of data the subject is 
linking to). Examples of triples include Snoopy isA Beagle and 
Pendolino hasPart Wheel. By building up a number of RDF triples 
linking entities together, a graph can be composed showing 
relationships between concepts in a domain, resulting in a 
machine-understandable picture of the semantics of each one. 
RDF places few restrictions on data structure or vocabulary, and 
as such cannot be used alone in machine-reasoning applications.

RDF Schema (RDFS) extends RDF by defining a set of relations 
with fixed, defined semantics on which reasoning can be 
performed. Whereas RDF itself only defines basic structure and 
allows declarations of subject/object/predicate types, RDFS 
formally defines inheritance relations, annotation conventions, 
and several other useful constructs, allowing basic but powerful 
inference to take place across datasets. Classifications of class, 
membership, property range/domain and annotation are part of 
the RDFS specification; several standard ‘linked data’ ontologies 
are defined only at this level. OWL (described above) sits on 
top of RDFS as a modelling language, and enables even more 
powerful reasoning, whence its primary use in industrial and 
biomedical information systems.

One of the great benefits of using conceptual data modelling 
approaches, such as ontology, is that they facilitate the easy 
integration and combined usage of data sets drawn from a 
diverse range of systems. This results in richer information 
than could be derived from a single data resource in 
isolation. Underpinning this benefit is the assumption that the 
organisations involved have provided suitable access to a wide 
range of their information systems, resulting in a more open and 
dynamic ICT architecture than is traditionally used by industry.

Realising an appropriate level of information security in this 
type of architecture is technically challenging within a single 
organisation, where all the individuals involved are subject to 
the same ICT policies and have credentials issued by a single 
authority. However, in order to maximise the benefits of open 
data, information resources ideally need to be made accessible 
across organisations and to all the stakeholders involved in the 
delivery of a business function (e.g. the designers of a product, 
the component supply chain and the manufacturer).

Although a complete discussion of the security implications of 
semantic and open data systems is well beyond the scope of 
this feasibility study, the authors recognise that for businesses, 
understanding who is accessing information, why they are 
accessing it, and how it is ultimately being used is of vital 
importance. So in order to demonstrate that conceptual data 
models have value to offer the UK rail industry, it is necessary to 
prove that acceptable methods for both securing data resources 
and recording the provenance of the data they contain exist for 
Semantic Web technologies. To date, for ontology and open data 
systems, the relevant security models involve controlling access 
to RDF data, protecting and signing components of the ontology 
model, ensuring secure links to web services and guaranteeing 
the provenance of data being used for decision making.

CONCEPTUAL MODELS IN OTHER INDUSTRY 
CONTEXTS: DRAWING ON BEST PRACTICE
Although still not commonplace, concept-based data models 
and linked open data resources have been growing in popularity 
in recent years. Many larger organisations in fields as diverse 
as heavy industry (oil and gas, automotive etc.), the media and 
healthcare have started working with the models and exploiting 
some of their unique abilities, particularly in knowledge 
management systems.

The following section presents a selection of case studies 
drawn from various industrial sectors. These illustrate how the 
technologies have been used and what lessons have been 
learned from the process:

• Oil and Gas Industry: ISO 15926;
• Retail Sector: GoodRelations (Hepp, 2008);
• Public Sector: www.legislation.gov.uk

The examples presented in this paper are based on an 
ontology model produced as part of an EPSRC iCASE-funded 
PhD studentship between the University of Birmingham and 
Invensys Rail (now Siemens). Although initially developed with 
the representation of signalling and rail infrastructure in mind, the 
model rapidly developed into a general model for the railways, 
including a ‘core’ of generic railway concepts with extensions 
capturing particular sub-domains (infrastructure, timetabling, 
rolling stock etc.) and an upper level model to define concepts 
used more broadly than in rail (e.g. transport). The layered design 
philosophy behind the model is shown in Figure 1 (overleaf).

In order to construct the initial model, a significant amount of 
domain-specific knowledge was required. This was gathered 
in part from the analysis of existing rail data models (railML, 
Network Rail’s signalling data exchange format (SDEF) model, 
Invensys Rail’s layout description language (LDL) model, InteGRail 
ontology) and the RSSB standards documents, alongside 
interviews with key individuals.

Drawing on cues from the ISO 15926 standard, two versions 
of the core ontology have been created.  One handles data in 
three dimensions, intended for use with real-time or high-volume 
datasets. The other handles four-dimensional (time-dependent) 
data, which is slower but more expressive, making it more 
suitable for the exchange of data between models.
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In order to demonstrate the potential value of Semantic Web 
technologies to the industry, a technology demonstrator is 
described in this paper. The demonstrator sets out to show 
how the use of ontology can provide a bridge between legacy 
systems and newer replacement services (without sacrificing 
functionality), and how interfaces between such legacy systems 
and more contemporary linked data-based systems can be 
set up. As the volumes and variety of data gathered in new 
information systems on the railway continue to increase, this 
demonstrator seeks to illustrate the practical uses of semantic 
data models in simplifying interfaces and applications and 
enriching content. 

DEMONSTRATOR OVERVIEW
The web-based system presented here illustrates a few specific 
areas in which ontologies can facilitate better integration 
and management of data across sub-systems. It focuses 
on the benefits that can be gained by using ontologies to 
unambiguously describe data to applications, and the ease with 
which new data in the system can be translated to accommodate 
existing applications. The following scenarios are described:

• How new data (train location mileage information) can be 
integrated rapidly into a data model given a new application 
or upgrade — in this case from track-circuit based location 
recording to radio-based mileage location recording; 

• How ontology reasoning allows a legacy customer 
information system to continue functioning, even with loss of 
the initial track circuit location data;

• How ontology rules can be defined in the ontology to 
provide graceful degradation of functionality in passenger 
information systems.

In addition, the demonstrator application illustrates the 
advantages of a linked data-based approach, showing fully 
contextualised content and allowing users to explore all relevant 
information available about a particular train, location, or 
schedule. The storyboard for the second demonstrator is shown 
in Figure 2.

The demonstrator is designed to showcase the benefits that can 
be gained through integrating data across a simple semantic data 
model, using only a few very simple rules and ontological axioms. 
Two main applications are outlined, with ontology reasoning used 
to remove their reliance on specific input data types.

The demonstrator itself, available at http://bit.ly/1jMChlb, is 
a website that provides a number of views to simulate real world 
railway customer information systems.  Each view illustrates a 
usage scenario and the application is designed to allow users 
to understand the effects and advantages of differing ontology 
constructs on the system. Train movement data is provided by 
simulated values, which update the website in real time and drive 
outputs on each page.
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UPPER

Fundamental cross-domain terms and relationships
3D & 4D Specialisations for differing uses

820 Triples
50 OWL Classes
91 Properties

CORE

Core rail industry terms

8836 Triples + 11435 Imported from standard models
307 OWL Classes
363 Properties

SUBDOMAIN

Fundamental timetable, rolling stock, and timetable 
terms and relationships (for extension)

APPLICATION SPECIFIC

New applications choose to reference or import terms 
according to their use case (it is expected that most will 
utilise at least the core rail concepts and extend them). 
Applications should use the appropriate 3D or 4D upper 
ontologies to meet their requirements. 

Figure 1 - Layered design philosophy underpinning the core ontology.
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The data produced by the train positioning systems is 
used to (amongst other things) power a number of
passenger information systems, including platform boards
and third-party applications for mobile devices.

As part of an upgrade programme, for example a migration
to ERTMS, the existing low resolution train positioning
equipment on a line is replaced by a more accurate system.
Future passenger information systems can be designed 
to operate using the higher resolution positions from the new
system but the existing passenger information systems, that
require positional data to be at a track circuit level, will all
need updating - a costly process that potentially involves
many stakeholders if third-party applications are included.

In an information landscape utilising ontology, the data being
delivered by the positioning systems and being used by the
passenger information systems is described unambiguously;
the computer “knows” exactly what data is available and
what is needed by the applications.
Rules can be added to the data model describing how data in
one form is converted to the other, allowing legacy systems
to request track circuit level information as before and the
system to deliver it (despite it not existing in that form) by
inferring that it can be derived from the new ERTMS data.

By using the combination of ontology (to unambiguously
describe the data available), rules (describing the conversion
of data from one operational form to another) and reasoning,
it becomes possible to maintain the functionality of existing
applications, despite changes elsewhere in the rail system,
without altering the applications’ codebase.
Ontology will allow the industry to design and implement
information systems once in a changing technological
landscape. Old and new applications will be able to co-exist
and can be driven by the same underlying data resources.

Imagine a rail network equipped with legacy, low 
resolution train positioning systems e.g. track circuit bays
and axle counters.

The key technological components used in the presentation of 
this demonstrator are:

•  Stardog, an RDF triplestore (a purpose-built database for 
the storage and retrieval of triples through semantic queries) 
used to store all ontology and resource data; 

•  The train movement simulator, residing on the web server, 
which updates the locations of a set of trains as they pass 
through the demonstrator’s railway network; 

•  A web user interface, written using modern web 
technologies (HTML, CSS, and Javascript). 

These three components communicate via the industry-standard 
SPARQL linked data protocol and data is exchanged in linked 
data at all points. Further input and output applications could 
be realised quickly by leveraging industry-standard linked data 
practice and concepts shown in the core railway ontology.

The web user interface shows information in any one of three 
scenarios.

• Legacy Departure Board System (using track circuit data). In 
this scenario, a user can select a station and view a very basic 
simulation of a platform-based passenger information board, 
including departure point, destination location and scheduled 
and expected times. Expected times are calculated based 
on the position of trains on a track circuit (such as would 
be provided by a train describer system), which is queried 
directly from the triplestore. The current track circuit of each 
train can also be displayed for exploratory purposes. 

• Train Position Map (using mileage data). The train position 
map shows the ‘live’ location of each train on the network. 
The system queries the ontology for mileage location and 
displays it in line with the train’s route through the network. 

Figure 2 - Storyboard presenting the scenario for the technology demonstrator.
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Employing rule reasoning, the ontology provides the train 
position map with the more relevant data, should both be 
available.  

• Entity Information View (Using Linked Data and Inference). 
The final view is provided should a user want more 
information on a particular train, station or location. The 
application requests information from the ontology about 
the location in question and returns useful information. In the 
case of train services, inference provides information about 
the rolling stock itself as well as the train service; for locations, 
reasoning provides additional information such as touching/
neighbouring entities and line reference information.

A summary of the behaviour of the ontology given differing 
applications and input data is shown in Table 1.

Track Circuit data Mileage (moving 
block) data

Legacy 
departure board 
system

Asserted (‘real’) 
track circuit data.

Inferred track circuit 
data based on train 
mileage.

Train position 
map

Inferred 
(approximate) train 
location based on 
known track circuit 
positions.

Asserted (‘real’) 
mileage data.

Train position 
map (when 
both sets of 
location data are 
available)

Rule reasoning chooses optimum location 
object for the task.

KEY DESIGN PATTERNS
Infrastructure and location storage design pattern
Data taken from ATOC working timetable files was used as a 
base for modelling train movements, with track circuits added 
manually, using fictitious track circuit distances. Each Track Circuit 
object has a start location and an end location, each of which has 
an associated mileage and GPS co-ordinates. 

By linking track circuits to mileages and known pieces of 
infrastructure, inference can provide train services associated with 
them with further information. For example, in the case of train 
stoppage or cancellation, passengers using linked-data based 
applications can immediately check the next station’s facilities 
and connections based on the train they are currently aboard. 

Reasoning to allow legacy system functionality 
given new system input data
In order to provide legacy system functionality when a system 
upgrade occurs, a rule is constructed and added to the 
triplestore. Rules are custom-based reasoning patterns that a 
triplestore applies to matching data at query-time. The aim is to 
capture the following knowledge:

If a train’s current mileage is between the minimum and 
maximum mileages of a particular track section, and on the 
same line, the train is defined as being in that track section.

A rule that encodes this knowledge, according to the ontology 
design set out above, is as follows.

IF {

  ?node a tt:ServiceNode .

  ?node u:location ?nodeloc .

  ?nodeloc is:elr ?elr .

  ?nodeloc is:mileage ?mileage .

  ?tcPos a is:TrackCircuitLocation .

  ?tcPos is:elr ?elr .

  ?tcPos is:minLocation ?minLoc .

  ?minLoc is:mileage ?min .

  ?tcPos is:maxLocation ?maxLoc .

  ?maxLoc is:mileage ?max .

  ?tc is:tcPos ?tcPos .

  FILTER(?mileage < ?max && ?mileage > ?min) 

} THEN {

  ?node is:trackCircuit ?tc .

}

The code snippet works as follows:
• Check for the current node’s line reference and location;
• Narrow down a list of possible track circuits to just those on 

the current line;
• Obtain the minimum and maximum mileages for each 

candidate match;
• Narrow down the match further to only track circuits that 

contain the current mileage;
• Assert that the current node is associated with the matching 

track circuit.
Consequently, whenever a legacy application now requests a 
node’s track circuit location, this rule is checked and the correct 
track circuit returned, whether it was encoded explicitly by an 
input system or calculated based on a train’s current mileage 
position.

Reasoning to allow improved resilience of 
information systems during degraded service
The strengths of an ontology-driven data store allow not only 
the mapping of new data back into other forms for use in legacy 
systems but also make it possible to increase data availability 
during periods of degraded system reliability. Using the 
capability of the system to interlink data, a hierarchy of ‘preferred’ 
properties can be specified for each system concept, enabling 
these hierarchies to be used with closed-world rule reasoning to 
find the best available data for a particular application. Take the 
following scenario from the storyboard shown in Figure 2:  

• A railway line has recently been upgraded to ERTMS 
operation and now provides very rich location information 
for each train on the track, rather than only track circuit 
occupation details.

• New applications for customer information and service 
monitoring are built using the new, more accurate ERTMS 
location information. It is desirable, however, for these 

Table 1 - Summary of the behaviour of the ontology.
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systems to continue functioning in times of degraded 
operations, for instance if ERTMS systems are unavailable and 
the line reverts to fixed block operation.

In this case, the usual approach would be to include application 
logic to search for available systems and make a decision 
specified at system design time as to which data source to 
choose. This approach is inflexible and unsustainable in a 
complex system. To enable the data model to find which data to 
provide for a train location application, a pattern is developed 
that encodes knowledge of ‘preferred systems’. It is now possible 
to encode a rule that states:

If entity X has multiple locations associated with it, and one 
(location Y) is preferred over the other (location Z), then insert 
a new fact: entity X -> preferredLocation -> location.

IMPLEMENTATION
The website for the demonstrator includes several views that 
show the effect of reasoning based on location, as discussed 
above. Some of these views are shown below. 

Legacy departure boards view
The departure boards view (see Figure 3) shows trains soon 
to arrive and depart from a station. These are determined 
by querying the triplestore for relevant service nodes with an 
appropriate arrival time and station information if present. 
Expected train times are naïvely obtained by adding a TrainTime 
property to every track circuit, and calculating the difference in 
this property at the current train’s location and the station being 
viewed. 

If the Track circuit data data source is turned on, this view 
utilises no ontology reasoning whatsoever. Instead it is presented 

as a legacy system using linked data as a data storage and 
interchange format. There are advantages even to this approach, 
as can be proven by the millions of websites utilising RDF and 
linked data on the World Wide Web. If the track circuit data data 
source is missing, however, ontology reasoning steps in and 
resolves live train locations to track circuits for the benefit of this 
application.

Map View: Dynamic train progress
The dynamic train progress page (see Figure 4) allows a user to 
track the progress of a train in real time, using mileage values 
resolved from a fictitious moving block signalling system. Users 
can select the train they want to track, also watch its position 
change across the map. 

With only the mileage data source turned on, this display 
uses no inference and displays the current mileage of the train 
selected on a map.

With both mileage data and track circuit data, this display calls 
the ontology to ascertain the priority of these location values, 
then displays the mileage location, with its track circuit displayed 
as a secondary information source.

With only track circuit data available, the ontology resolves 
a less accurate position for the train, based on available 
information. Whilst it would have been possible to build this 
logic into the application itself, this approach quickly becomes 
complicated and hard to maintain when deployed as part of a 
more complex system. 

Map View: Track circuit information
Finally, the track circuit and entity views (see Figure 5) allow 
users to view more detailed information about each track 

Figure 3 - Train locator departure board view.
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Figure 4 - Live train information map view in train locator.

Figure 5 - Track circuit detail and track circuit boundary overview screenshot.
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circuit or other entity. With reasoning disabled, queries used to 
populate this view bring back only explicit information held in the 
infrastructure database about track circuit information. However, 
with reasoning enabled, links between track circuit locations 
and other infrastructure items become apparent, and users are 
able to browse information about stations, maintainers and 
nearby trains. This view is included to further illustrate the use 
of ontology reasoning to enrich knowledge and convey useful 
inferred information.

Alternative use cases for scenario and benefits 
gained
The demonstrator shown was designed to illustrate how 
basic design patterns can show large potential benefit when 
implemented to integrate multiple information systems. As such, 
the benefits seen here have a number of other use cases, a few 
examples of which are outlined below.

The design patterns and processes shown here have diverse 
applications across the railway. In fact the demonstrator 
highlights a fundamental technique that can be implemented 
wherever multiple systems provide the same type of information 
into a data store (whether as part of an upgrade or not). Across 
the industry, the idea of being able to pick and choose better 
information where or when it is available is an attractive prospect. 
The methods shown here provide an easy mechanism for not 
only providing this function, but also managing it in a way that is 
data-centric rather than application-centric.

Use Case 1:  Railway operations management and train routeing 
during degraded railway service

Whilst an ontology will not in itself evaluate decisions on 
train routeing, the ability to provide data at whichever level 
of specialisation is available can inform human signallers and 
computer algorithms to help them to make operational decisions 
based on the most accurate information available at the time.

For example: two trains are waiting outside a major interchange 
station, with only one platform available. Which train is delayed 
depends mostly on a controller’s intuition; using integrated data 
to pull in the most accurate data about each train could allow a 
more informed decision-making process. Ontology reasoning 
could infer typical train capacity if it is not known, or show actual 
capacity if it is. Train connections from the following station could 
be displayed if known, or based on a rule if not.

Use Case 2:  Railway maintenance on tracked and untracked 
rolling stock assets

Using the same approach plus knowledge of rolling stock 
composition (as provided by the infrastructure ontology), rolling 
stock maintainers can be informed of likely asset failures in the 
absence of monitoring information. If a particular class of railway 
vehicle is known to develop a fault after a certain number of 
miles, it is possible for the ontology to display these likely faults 
on appropriate vehicles, and not to display them on vehicles with 
more detailed explicit information stored. 

Use Case 3:  Inter-operator train position reconciliation

The property translation pattern used to map mileage values into 
track circuit values is only one example of the ability of semantic 
data models to accommodate transition from legacy systems. 
Whilst ontologies cannot themselves provide very complex 
algebraic mappings from new systems to old (for example, 
geographic transforms), reasoning allows more common-sense 
properties to be conveyed between systems with very little 
overhead. 

An example of this may be in resolving a problem encountered 
by open data enthusiasts when reconciling London Underground 

and Network Rail train movement data where the two systems 
overlap. Where multiple systems log the same information about 
trains in different ways, ontology rules and mappings can help to 
align the data to appear coherent. As these system interactions 
change, rules can be updated, and no change to application 
code is needed.

CONCLUSION
Academic work on the potential applications of ontology in the 
UK rail industry has now been going on for around a decade, 
beginning with the EU FP6 InteGRail project. During this time 
the rail industry itself, in response to the findings of the 2011 rail 
value for money study (DfT, 2011), has identified both common 
standards for data (specifically ontology) and open architectures 
as important enablers of the future railway (TSLG, 2012).

The paper presents the arguments for the use of ontology in 
the British railway system, beginning with an outline of the key 
technologies and notations (OWL, RDF) and consideration as 
to how Semantic Web technologies have been used in other 
domains (oil and gas, retail and the public sector).

The paper presents a technology demonstrator. The 
demonstrator uses a model to illustrate how application 
functionality can be preserved despite system upgrades in the 
real world by allowing the appropriate information to be derived 
and delivered based on the available data and the application’s 
requirements.

The research presented in this paper considers whether or not 
the promising findings of research projects, such as InteGRail, 
into the topics of ontology and linked open data could be 
translated into tangible benefits for the industry; in particular by 
acting as an integration layer allowing the industry to ‘develop 
applications once’ and as a means of accessing linked data from 
a range of data resources in response to disturbed operational 
scenarios.
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ERTMS — A reality check
Clive Kessell

The many articles on ERTMS in both this magazine and other 
publications covering the rail industry have generally reported 
that the system with its component parts of ETCS, GSM-R 
and the ETML (the still-to-come traffic management level) will 
yield significant benefits in both reliability and capacity with a 
considerable cost saving in the longer term. No-one, however, 
with even a modicum of insider knowledge will claim that the 
route to implementation has been easy. Railways across Europe 
have struggled with the technology, the operation and the 
funding.

The objective is simple: to have a single command and control 
(i.e. signalling) system from a multi-supplier base that is fully 
interoperable, such that trains can cross borders between 
countries seamlessly, without having to change locomotives and 
with a common man-machine interface for both signallers and 
drivers. Achieving this goal has, however, been fraught for many 
reasons, some of which are listed:

• A reluctance to change long-standing operating rules and 
signalling principles inside individual countries;

• Initially getting the signalling design and supply industry to 
work together in the production of compatible products, 
although this is no longer such a major issue;

• The logistics of fitting and retrofitting rolling stock with the 
necessary train and cab equipment;

• The challenge of producing reliable and robust software that 
can be backward-compatible with earlier versions;

• The protracted approval process within the regime that 
has emerged for safety assessment and independent 
safety verification, although this is now better defined and 
understood than previously;

• The high cost of implementation and the difficulty in 
producing a convincing business case.

All these are significant issues and some well known UK 
commentators have recently questioned whether the whole 
ERTMS programme is capable of delivering the stated benefits 
and within the time frame that many railways would like to see. 
These reports are contributing to a growing nervousness as 
to the wisdom of committing significant funds to continue the 
roll-out. In the UK, the ORR (Office of Rail and Road) recently 
invited The Rail Engineer magazine, with its base of informed 
knowledge, to discuss the ongoing situation. With the declared 
intention of government to cut back on all aspects of public 
expenditure, rail must be expected to take its share of this 
reduction. When assessing the priorities, where will ERTMS/ETCS 
sit in the fight for funds?

THE CURRENT SITUATION IN THE UK AND 
ELSEWHERE
The UK has been slow to adopt ERTMS, with only the Cambrian 
Line in service as an early deployment scheme (i.e. a trial) and 
from which many lessons have been learned. Two dominant ones 
emerged: firstly that the signalling rules imposed by ETCS with 
the version of software used for the project meant the operation 
of the railway was more constrained when compared to RETB 
(Radio Electronic Token Block) that it replaced, and secondly 

that the retrofitting of rolling stock is something to be avoided 
if possible. Subsequently a section of the Hertford Loop has 
been used for interoperability tests between different suppliers’ 
equipment, with good results within the scope of the trials. 
These are now being expanded to test the ATO (Automatic 
Train Operation) overlay intended for use on the core section 
of Thameslink. Elsewhere, plans exist for its deployment on the 
Great Western main line (GWML) to Bristol and South Wales 
but only as a Level 2 overlay to the existing signalling system, 
primarily because of problems in getting sufficient rolling stock 
(particularly freight) fitted. The project is still only at GRIP 1-3 
stage, which makes it highly likely that commissioning will be 
delayed beyond the 2019 target date. The more radical project 
is to equip the East Coast main line (ECML) with ERTMS, such 
that lineside signals can be removed initially between Kings 
Cross and Peterborough and subsequently northwards. This is a 
real challenge for both Network Rail (NR) and the train operating 
companies (TOCs) and is likely to include more significant 
changes to the technical and operational rules, widespread fitting 
of trains plus staff training and maintenance issues. The projected 
date for achieving this is 2020 but there is a growing lack of 
confidence as to whether it will be met.

In Europe, deployment is more widespread with many of the 
later high speed lines being equipped and operating successfully 
with ERTMS Level 2. The earlier European Commission (EC) 
Directive mandating that all TEN-T (Trans European Networks) 
must be equipped with ERTMS technology when renewal is due, 
has been expanded to cover all lines. Only a few countries so 
far, namely Denmark, Belgium, Austria, Switzerland (standard 
gauge lines) and Norway have declared an intention to fit their 
entire network with ETCS technology, primarily as a renewal-
driven strategy. Denmark is leading the way with this but is 
encountering problems with supplier integration, the lack of 
technical resources, rewriting the rule book and the ever present 
funding issues. Some countries (e.g. the Netherlands) will expand 
ETCS to most lines but will stop short of equipping the more rural 
routes. No European country has found deployment easy and 
many have had to make significant changes to the application 
design in the course of installation because of technical and 
software shortcomings. Despite all this, there remains a positive 
view that ERTMS is the way forward and even in Germany, where 
acceptance has been slow because of the installed base of their 
own train control design, there are now plans to fit ERTMS on 
routes that carry through traffic.

THE GOAL OF INTEROPERABILITY
To some, interoperability is a political rather than a technical 
objective. It does require co-operation between countries. A 
major issue has been the insistence by some member states 
that ERTMS must allow them to perpetuate long-standing 
country-specific operating practices, thus requiring options to be 
incorporated into what should otherwise be a standard system. 
It also has required collaboration between suppliers, which has 
had its challenges since it involves the makers of both ETCS 
and GSM-R equipment for both infrastructure and train-borne 
systems. When considering the number of suppliers in all these 
categories, it is a considerable matrix of firms and it is no wonder 
that the interworking required has proved to be difficult. Add 
to this both hardware and software factors and the progressive 
implementation of updates and changes, one can see that it 
needs a strong co-ordinating body to keep this under control and 

This article appeared originally in The Rail Engineer magazine, 
September 2015 edition. Our thanks are extended to the 
RailMedia Group for permission to publish in IRSE NEWS.
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to ensure that all suppliers follow the same course. The Brussels-
based ERTMS Users Group exists to encourage and cajole 
countries to adopt unified technical specifications and operating 
procedures. The ERA and a host of other organisations – TEN-T 
Executive Agency, EIM, CER, UNISIG & UNIFE, GSM-R Industry 
Group and UIC –all have contributions to make in defining how 
ERTMS will be provided across Europe. These bodies represent 
the suppliers, the train companies, the freight operators and the 
infrastructure managers, so achieving a consensus amongst the 
many vested interests was always going to be an uphill struggle. 
Nonetheless, progress has been made and trains do cross 
borders without having to change locomotives, thus proving 
that interoperability can be achieved. However, it remains a 
challenge, the biggest problem being the development of 
successive versions of the system software. Even when Baseline 
3 Release 2 is finally approved, there will never be a situation 
when the software is stable for all time. Changes will continue to 
emerge but the vital issue is the need for backward compatibility 
to give assurance that equipment already in service can continue 
to perform in a safe and effective manner. 

THE GSM-R DILEMMA
The track-to-train radio known as GSM-R is a twenty year-old 
design, utilising 2G technology that is now largely superseded 
in the public offering of mobile services. Roll-out has been more 
successful than ETCS with most countries, including the UK, now 
having nationwide GSM-R networks. Primarily these have been 
to replace ageing voice radio networks but the concept of using 
GSM-R for the conveyance of ETCS messages was there from 
the outset. The advent of packet switching (GPRS), following 
extensive testing on the UK’s Hertford Loop line, will give much 
needed extra data capacity to ensure ETCS can operate in busy 
areas. The UK will in all likelihood go it alone with introducing 
GPRS if the European authorities are slow to sign off the final 
specifications and approval for its use as part of ERTMS.

However, 2G technology is old and will not be supported in 
the long term future. Guarantees exist to ensure the supply of 
equipment until 2025 but after that, commercial considerations 
will determine how long the supply base will exist. Some thought 
has been given as to what will replace GSM-R and the UIC has a 
working party looking at the possible solution. This in basic terms 
is similar to other problems the rail industry often faces: how 
to cope with rapid technology change in the commercial world 
when past practice dictates that railways need systems to have a 
20-30 year life.

The railways were fortunate to get an allocated band of radio 
frequencies back in the 1990s but a consensus view is that no 
such allocation will be available for whatever replaces GSM-R. 
Some people are advocating a 4G solution (sometimes known 
as LTE) but more enlightened advice suggests they wait for 5G, 
now in the conceptual design stage. This seems to be more of 
a functional rather than technical specification and envisages 
the use of multiple radio applications including public mobile 
networks, private networks and Wi-Fi, combining to provide the 
connectivity required. Many of the features envisaged will include 
the requirements of ERTMS and the data capacity will be huge. 
Safety and security integrity will be built in and anyone who 
believes this to be a pipedream should go and look at the PTC 
(Positive Train Control) system being implemented in the USA, 
where the transmission between trains and shore is provided by 
something akin to this.

Even once a decision is made, the changeover from GSM-R to 
its replacement will be a logistics nightmare. One can visualise 
the building of a duplicate infrastructure, which itself will require 
a considerable outlay, but the fitting of trains with duplicated 
equipment could be difficult as space envelopes are invariably 

tight. Much of the rolling stock in service now or being built will 
still be around when the radio change has to happen

FITTING THE TRAINS
As hinted earlier, equipping the trains with ETCS kit can be 
difficult and expensive, and many railways across Europe have 
been staggered at how much this can cost. Fortunately in the 
UK, the situation is looking somewhat better. Since 2012, all 
new passenger rolling stock has had to be ETCS-compatible, 
so that when the time comes to equip any particular fleet, the 
cabling, power supply, antenna and space provision for the 
MMI (Man Machine Interface) and on train equipment should 
make final fitment relatively easy. Particularly challenging are 
multiple units with end corridor connections that make the 
driving compartment rather cramped. The Class 158 units on the 
Cambrian showed how difficult it can be with the price per unit 
being in the region of £1 million after design and proving costs 
were appropriated.

For GWML, it is understood the new Intercity Express 
Programme (IEP) trains and the Crossrail EMUs to be used on 
the London suburban services should all arrive from the factory 
with ETCS fitted. If lineside signals are to be retained, other 
trains operating over the route need not have ETCS in the short 
term. Similarly on Thameslink, the new Siemens units, which 
will be the only trains operating over the central core section, 
will come equipped with ETCS. The ECML is another story, as 
removal of signals means every train operating over the London 
to Peterborough section must have ETCS. For the IEPs, the 
Thameslink stock and the promised replacement for the Class 
313 EMUs, this should not be a problem. However, retrofitting 
some High Speed Train (HST) Power Cars, the Class 91s and 
associated Driving Van Trailers (DVTs), plus some Class 365s for 
outer suburban services, will be inevitable but with full-width 
cabs, it may not be too difficult. There are also the Open Access 
operators – Grand Central and Hull Trains – to be considered, 
small in number but must nonetheless be accommodated

Then there is freight and the ‘yellow fleet’ of on-track machinery. 
The freight companies understandably wish to keep a ‘go 
anywhere’ strategy for their locomotives but a compromise will 
need to be reached to produce a restricted fleet for working 
over sections of the ECML in the short to medium term. Whilst 
a policy exists for fitting all freight locomotives over the period 
2017–21 and some early design development work is believed 
to be underway for each class of traction unit, the funding is not 
yet agreed and thus no invitations to tender are yet issued. This 
is part of the ORR dilemma. The same factors will influence the 
on-track plant fitment.

In short, the longer the ERTMS roll-out takes, so the fitting of 
rolling stock should become easier, always assuming the policy of 
new trains being ETCS-compatible remains in place. The oldest 
DMUs and EMUs will probably be replaced in the next decade 
and thus the number of trains needed to be retrofitted will be a 
decreasing number.

REALISING THE SAVINGS
Understanding the technical and operational constraints is one 
thing but does ERTMS offer value for money? The ‘business case’ 
justification has recently been discussed by the IRSE International 
Technical Committee but the findings were somewhat 
negative. In generic terms, cab signalling with intelligent traffic 
management systems should produce a positive investment 
return on a whole life cost basis but the technical and operational 
logistics of migration from a conventionally signalled railway 
are enormous. Only with new-build high speed lines and self-
contained metro routes that change to CBTC will any generic 
case be sound. The cost of implementing ERTMS Level 2 on an 
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existing railway is considerable but with many signalling systems 
needing to be renewed, it raises the question as to which other 
options exist. As indicated, some of the smaller countries have 
committed to a nationwide implementation but none of these 
are anywhere near achieving this. Renewal of the asset forms the 
business case but without really studying any alternative.

The crunch question is whether or not lineside signals can be 
removed. If the answer is no, then the business case in the classic 
sense is non-existent. Having in effect two parallel signalling 
systems makes no business sense, yet this is the situation on 
many railways because of the difficulties of retrofitting rolling 
stock. Level 2 even without signals still requires a considerable 
amount of trackside infrastructure to support the track circuits 
or axle counters required for train detection and this has always 
been seen as a shortcoming. Only with Level 3 is this element 
removed, as we shall see in the next paragraph. In many cases, 
adopting ERTMS is an act of faith with only the EC Directive 
and the requirement for interoperability providing the real 
justification.

THE ELUSIVE LEVEL 3
As most people know, ERTMS comes in three levels:

• Level 1: an ATP system using balises (not deployed in the 
UK);

• Level 2: a system giving both ATP and movement authorities 
via radio with balises for position reference and with the 
option for retaining or removing lineside signals. This is the 
most commonly used application in Europe, including the UK 
Cambrian line, and is the current spec for future UK schemes;

• Level 3: a complete radio-based system with balises for 
position reference but with the removal of track circuits / axle 
counters. It also facilitates moving block that allows trains to 
‘close up’ when running at slower speed.

With the operational and cost advantages that L3 should yield, 
why has it never really been developed? The answer may be 
more political and/or commercial rather than technical. With 
industry having invested considerable sums of money in the 
development of Level 2, the companies wish to see a return 
on this outlay before venturing down another expensive 
development that might take years to come to full fruition. One 
factor that has been a longstanding sticking point is the proving 
of train completeness. Without a track circuit or axle counter, how 
can it be proved that a train has not divided en route? This is not 
a problem for passenger trains with modern braking systems and 
on-board train data systems, but for freight trains, despite having 
a continuous brake, the driver may not realise the train has 
divided if the break is towards the rear of the consist.

More significantly, Level 3 will cause a shift in the functional 
responsibilities and cost between the organisations that make 
up a typical modern railway. The significant transfer of risk to 
the TOCs and adapting trains to be much more a part of the 
signalling control system is a heavy responsibility. Penalties for 
failure of equipment and delay to other trains will be a minefield 
and until the ‘rules of operation’ are sorted out, they are likely to 
be barriers that prevent L3 being progressed.

All is not lost, however, and maybe the use of Level 3 will be 
best suited initially to rural lines. This is already happening in 
Sweden, where a system known as Regional ERTMS has been 
trialled. This minimises the amount of signalling infrastructure 
required and the train crew becomes responsible for monitoring 
train integrity. For the UK, this would be the ERTMS equivalent of 
RETB – recently upgraded on remote lines in Scotland – but with 
the advantage of not requiring to have special train fitments and 
captive stock.

The predictions in the early 1990s that Level 3 could be 
deployed on the WCML proved to be wildly optimistic and even 
now some 20 years later, there seems no prospect of main line 
introduction.

THE ROLE OF TRAFFIC MANAGEMENT
Whilst many claims are made that ERTMS can significantly 
increase train path capacity, it is doubtful that this can be 
achieved without a parallel traffic management system (TMS) in 
place. The ETML element of ERTMS is not really off the starting 
blocks and hence several railways have invested in TMS from 
suppliers with proprietary products. Much will depend on the mix 
and service pattern of traffic as to just how much capacity can 
be gained but TMS may be the vital factor in determining train 
running optimisation. The UK carried out a ‘beauty parade’ of 
three such firms earlier this year, with the result that Thales was 
awarded a contract for pilot schemes at Cardiff and Romford. 
These have yet to be commissioned and are already running 
late. With the emergence of the ‘Digital Railway’ (see below), all 
further deployment has been put on hold with the exception of 
the central core of Thameslink, where a further TMS contract has 
recently been awarded to Hitachi.

There is a need to link TMS with ETCS since to obtain 
maximum capacity, movement, authorities must take account 
of the position of all trains in a wide area and only traffic 
management can give this information. A further link with C-DAS 
(Connected Driver Advisory System) will obtain the optimum 
train path utilisation, taking into account different stopping 
patterns, braking characteristics and junction conflicts. Rail 
organisations are beginning to realise these vital connections 
but how to manage and co-ordinate the design and supply of 
the component elements is not yet fully understood. It would 
be sensible to roll out TMS in parallel with ETCS deployment, 
even though the benefits of TMS can also obtained with modern 
conventional signalling. However, this would further compound 
the logistics for the already complex decisions surrounding the 
ERTMS programme

THE DIGITAL RAILWAY
The much publicised Network Rail objective to create a Digital 
Railway needs some explanation. Certainly it embraces many 
different aspects of rail operation covering public interfaces, 
social media and train operation, as well as safety and non-safety 
applications. One suspects that the heart of it is the requirement 
to create additional capacity and to improve the operational 
interfaces for both the travelling public and front-line staff. 
ERTMS has to be part of this big picture and whilst incorporation 
is a logical step, it is to be hoped that the Digital Railway team 
understands the many other technologies that will be critical to 
ETCS success.

Digital systems have been part of the rail scene for nearly 
50 years when the first PCM digital transmission system was 
commissioned between Euston and Bletchley in 1968. Since 
then the whole of the railway telecom network and many of the 
signalling systems have migrated to digital technology. The latest 
work to upgrade the existing Fixed Telecommunications Network 
(FTN) to IP (Internet Protocol) operation – creating the FTNx – is 
all part of the digital revolution. Thus the railway is well placed 
to take advantage of digital bearers that it owns courtesy of NRT 
(Network Rail Telecom), for which a recent article in The Rail 
Engineer described the technology and value of this asset.  

THE ALTERNATIVES
If not ERTMS, then what else? As one IRSE International 
Technical Committee member said recently, there will be no 
alternative, because industry is going to make only the ETCS 
product for main line railways. Whilst this statement may be 
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true for cab-based signalling systems, there will always be the 
continuance of traditional signalling with ‘lights on sticks’. In the 
UK, the development of modular signalling, with standardised 
components and ‘plug and play’ cabling, may well be expanded 
for the resignalling of secondary routes, although the cable 
element, with the requirement for totally accurate measurement 
of distance, may revert to traditional cable methods. Several 
lines have either been implemented or are in the course of 
conversion. It has many advantages since it requires no rule 
book change and avoids the problem of train fitment. It is easy 
to visualise that this technology will be around for a long time, 
with an expected service life of around 30 years, potentially 
undermining the business case for ERTMS introduction. 
Capacity is rarely a problem on such lines and with the right 
signal spacing, headways of 5 minutes are perfectly possible. 
It must be remembered, however, that the adoption of ERTMS 
is now European Community policy for even secondary routes, 
and countries will have to make a case for not doing so when 
signalling renewals are due.

Only on the main trunk routes (including High Speed lines), 
where speeds will exceed 125mph, does enhanced protection 
and cab-based signalling become a necessity, and as such ETCS 
is a logical component. With the predicted increase in capacity 
that ETCS will yield, the system is also appropriate for busy 
commuter routes and, as in the central area of Thameslink, the 
option for an ATO overlay will further enhance the benefit. Just 
how much capacity gain can be achieved is open to debate, 
with claims of 40% perhaps being somewhat optimistic, but 20% 
should be achievable on routes where most trains have the same 
service pattern. If conventional signalling is already optimised for 
a train service, then obtaining even 20% is unlikely.

CONCLUSION
The ORR is right to question the timing and scope of the current 
ERTMS programme. The recently declared intention of Network 
Rail to speed up the deployment through the Digital Railway 
initiative is to be applauded, since if the advantages to be gained 
are as claimed, then the programme should proceed with all 
possible momentum.

The risk element is that Network Rail does not have a good 
track record for the timely and efficient delivery of conventional 
signalling systems, especially where new technology is deployed. 
Partly this is due to a critical shortage of experienced staff, partly 
because of the time taken to approve new equipment (e.g. East 
Sussex and the use of a PLC for level crossing control) and partly 
because of the complex matrix of responsibilities between client, 
consultant, contractor and subcontractors.

For ERTMS and particularly the ETCS component, the 
crunch test will be both the Thameslink core and the ECML 
deployments. If these go well and produce the expected 
operational and cost benefits, then the dominos can be expected 
to fall and ERTMS provision will gather pace. If, however, one or 
both of these schemes fails to deliver to budget, timescale or the 
anticipated benefits, then the whole ERTMS programme could at 
worst be put on hold until confidence of successful delivery can 
be established.

Taking into account all the factors described, the ORR would be 
well advised to closely scrutinise the progress of these projects 
on a very frequent basis, so that no nasty surprises emerge when 
it is too late to back-pedal. Fingers crossed all round, I guess.

Acknowledgements are made to Ian Maxwell from the ORR for 
initiating the investigation and to Francis How, Chief Executive of 
the IRSE, for some industry and personal observations.
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Data redundancy and intelligent verification in the 
context of signalling and train control 
Written on behalf of the ITC by Edward Goddard and Alan Rumsey,  
with contributions from Yuji Hirao, Wim Coenraad and Rod Muttram

Notwithstanding the benefits of computer-based and 
communications-based train control (CBTC), there exists in these 
systems a potential disadvantage that information can be lost, 
corrupted, or even deliberately altered.  In designing train control 
systems of these kinds, the signal engineer must therefore give 
specific consideration to the following: 

• How do I protect against the train-borne controller failing to 
determine the train’s location, or calculating an incorrect train 
location?

• How do I protect against a train location report being 
corrupted during transmission to the wayside/lineside 
controller, but still being accepted as a valid message?

• What do I do if I fail to receive a train location report?
• How do I protect against a wayside/lineside controller 

calculating a movement authority update incorrectly?
• How do I protect against an updated movement authority 

being corrupted during transmission to the train-borne 
controller, but still being accepted as a valid movement 
authority?

• What do I do if I fail to receive an updated movement 
authority?

Fortunately computer- and communications-based systems 
possess inherent advantages that address these challenges, such 
as the ability to process information from multiple sources, to 
communicate information via diverse paths and to apply rigorous 
logical checks on information received, in order to assure the 
highest possible levels of safety, availability and performance.

This paper explores to what extent these inherent advantages 
have been fully exploited in CBTC and European Train Control 
System (ETCS) system designs, and to what extent train control 
systems are, or should be, making use of additional information 
now readily available from traction and braking systems, 
passenger information systems, and train management systems.

The principles of operation for CBTC systems (as applied to 
metros) and ETCS Level 3 systems (as proposed for main line 
railways) are similar in that in both systems:

• Train location is determined by a train-borne controller 
(independent of track circuits or axle counters) using 
train-borne sensors (e.g. tachometers) and track-based 
transponders (or Eurobalise);

• Train location information (and other train status data) is 
reported to a wayside/lineside controller (zone controller 
or radio block centre) over a train-to-wayside/lineside data 
communications link (GSM-R in the case of ETCS);

• The movement authority for each equipped train is 
determined by the wayside/lineside controller based on 
train location information and route setting information from 
interlockings;

• Movement authority information (and other train control data) 
is then transmitted to the appropriate train over the wayside/
lineside-to train data communications link;

• The trainborne controller enforces the movement authority 
based on its determined train location and speed.

Fundamentals
Many of the following basic principles will appear obvious but 
not all control systems include each and every one of these 
features.

Sequence and time stamping 
All messages should contain a sequence number and be time 
stamped.  This provides a level of protection against false 
messages being introduced, and detects delayed messages.

Data consistency 
We know that trains travel in a uniform manner within a speed 
envelope.  Any apparently valid message received by a wayside/
lineside controller to indicate a train’s position, for example, 
should be viewed with suspicion if it falls outside a reasonable 
timescale since the last valid message received.  Equally, unless 
train position is critical, a lost message can be tolerated, as we 
know where the train was and how far it could go in the time 
within its movement authority.

One train, one place
A simple comparison should ensure that for every train reporting 
its position, there is only one record.

One place, one train
Only one train can occupy the same location at any one time. 

Repeat the message 
Vital information that would result in a less restrictive movement 
authority should be not acted upon unless received in two 
independent messages. 

Diversity  
Track versus train
Regular checking for consistency between the information held 
by the train and that by the wayside/lineside can trap latent 
errors.  One example of this is a consistency check between train 
location information determined from tachometer sensors and 
that determined from a detected transponder/balise.

Diverse tachometry 
As well as the tried and trusted tachometer and balise, a number 
of alternative means of determining the position of a train are 
available. On modern rolling stock these are often already fitted 
(Doppler radar, inertial guidance and GPS, RFID, etc.).  This 
additional information can be used for enhancing safety and it is 
also a potential means of overcoming defects and enabling train 
movement under failure conditions.

Safety nets
We need to ask whether we are using all the information from 
other systems to enhance the overall operation.  Figure 1 shows 
the range of information that can be exploited in this context. 
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Communication links
Error rate
Communication systems report on the quality of the link.  Should 
high error rates be experienced, not only they should be flagged 
to the maintainer but also an alert should be given to enable 
control action to be taken.

Latency
Similarly, an alert should also be given if messages are taking 
an excessive time to be received or if there is an excessive time 
between messages being received.

Rolling stock
Modern locos and trains report their status and position 
regularly.  This information is usually contained within the 
maintenance function of the rolling stock provider. There must be 
opportunities to provide a comparison with the information held 
by the signalling.

Information systems
Modern trains have comprehensive passenger information 
systems that use the train’s location to deliver onboard messages 
to the passengers or to track the movement of freight loads.  This 
information is often confined to the train operating company.

Implementation
To date the experience of operating communications-based train 
control systems has been largely confined to metro railways.  
Many different system architectures have been employed and 
these have each provided an insight into what should be aimed 
for and what should be avoided.  Application to ETCS Level 3 
is still at the early stages and this is therefore the right time to 
consider the potential benefits that can be obtained from the 
lessons that have been learnt to date.  

Train service operation
Application to metro lines varies from main line railways.  The 
management and control of metro trains, rolling stock and 
stations are frequently exercised from a single, shared control 
centre.  Nevertheless the signalling, maintenance and passenger 
information systems are usually divided, both in terms of the 

equipment used and the staff who use them.  On main line 
railways the division between train operating companies, rolling 
stock leasing companies, and signalling/train manufacturers 
is even more pronounced.  The opportunity exists to provide 
a framework within which the various operators (signallers, 
maintainers, and information providers) can exchange 
information to alert to potential problems, to provide diverse 
means of moving trains safely under failure conditions, and to 
alert the police and other bodies involved to any anomalous 
behaviour detected in the communication links.

Supply chain
Many signalling suppliers are part of larger corporate groupings 
that embrace both communications and loco and rolling 
stock supply.  When considering the fitting of tachometry to 
a train, there are considerable advantages to be gained by 
eliminating duplication and combining information between 
the signalling and traction/brake control systems.  Divergent 
standards for signalling and rolling stock equipment and differing 
speed measurement requirements have prevented signalling 
systems utilising other rolling stock speed sensors in the past. 
Nevertheless recognition of the benefits of having diverse means 
of measuring train position and estimating its accuracy should 
enable us to remove the barriers.

Simplicity versus complexity
Whilst the measures just mentioned will improve the reliability of 
the system, they also introduce additional functions in the code.  
This has a counter effect, as it increases the likelihood of coding 
errors and adds to the testing and verification requirements.  
Hence a balance is required between seeking a robust system 
and overcomplicating it with unnecessary features. 

A trap that must be avoided is the tendency to increase 
the complexity of the signalling, particularly in its vital role.  
By segregating the system into separate vital and non-vital 
subsystems, the basic safe control loop can be kept as simple 
as possible.  In the vital functions error traps, sense checks and 
system diversity (duplication) can enable alerts to be given to 
highlight any emerging issues to the operator.  The fallback or 
non-vital systems can then provide the means of authorising train 
movements under special rules.
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  Figure 1 - Are we using all the information available to us?
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Fail-safe or fault-tolerant?
Signalling has moved on from the basic implementation of 
fail-safe systems in which ‘a stopped train is a safe train’.  We 
recognise the need to bring a train to a place of safety where this 
is possible and to protect those on and around the train.  The 
use of data consistency and redundancy can enable trains to be 
keep moving (e.g. no need to stop the train if a single message is 
lost or corrupt; a single failed tacho or missed balise should not 
prevent the signalling staff knowing where the train is). 

Where the primary system is unable to authorise a new 
movement authority, the overall train management system 
should be capable of assisting the operator by providing a rich 
picture of the railway derived from the various sources of train 
information. The design of traffic control centres should reflect 
these possibilities.

Do what you can, when you can
Whilst the ideal is to have one single universal application that 
does everything, the reality is that railways grow and evolve.  
Apart from on the smaller metros, it is inevitable that the 
total railway control system will have to embrace a variety of 
systems of different generations.  These range from mechanical 
interlocking to advanced satellite-based train location systems, 
and from unfitted freight trains to Level 3 equipped trains, each 
providing its own picture and requiring its own operational 
controls.

It is no longer possible for the signalling supplier to dictate to a 
closed world with signalling seen as an end in itself. All the same, 
the disciplines and technology deployed by signal engineers 
provide the means of capturing this wider picture and taking 
a whole-system approach to the introduction of new control 
centres and train management systems as and when they are 
introduced.  

Enforcing maintenance and operational disciplines
Whilst the above processes will detect potential faults, it is 
essential that action is taken to determine their root cause 

and then correct them.  This applies equally to operational, 
maintenance and security personnel, as the tendency is to 
ignore the alerts when the system ‘carries on working OK’ or 
‘always does that’.  Consequently strict procedures must be 
implemented to ensure that latent errors are not left uncorrected.

Conclusions
1. There is much that can still be done to improve the reliability 

and security of communications-based signalling systems. 
• By checking new data against that currently held and by 

exploiting the inherent physical characteristics of a railway, 
it is possible to secure a high degree of protection against 
data and communications errors, whether these are 
accidental or deliberately introduced;

• By comparing the data held by the shore-based systems 
and that gathered by the rolling stock based systems, 
a further improvement in reliability and security can be 
obtained. 

2. With the increasing convergence in the technologies used by 
metros (CBTC) and main line railways (ETCS) the opportunity 
exists to:
• Apply many of the system-wide techniques that have 

evolved in the more enclosed world of metros;
• Make use of common components to reduce the cost of 

both CBTC and ETCS.
3. Whilst main line railways are considerably more complex than 

metros, many of the techniques, technology, and hardware 
developed for ETCS are already being applied by metro 
signalling and rolling stock suppliers as well, and vice versa.  
Care needs to be exercised by standards setters to avoid 
creating unnecessary restrictions on the acceptability of 
sensors common to both applications.

4. The use of information from diverse systems to improve 
service reliability under failure conditions should be 
encouraged.

INDUSTRY NEWS

Bipartisan legislation that would extend the 31 December 2015 
deadline for the implementation of Positive Train Control in the 
USA was introduced by the leaders of the House Committee on 
Transportation & Infrastructure on 30 September 2015. 

This follows a Government Accountability Office study, which 
confirmed that most railways would not be able to meet 
the deadline mandated by Congress. Without an extension, 
shipments of certain chemicals would need to be suspended, 
along with many commuter and Amtrak services. 

The proposed Positive Train Control Enforcement & 
Implementation Act would extend the deadline for full 
implementation to 31 December 2018 and provide the Secretary 
of the Department of Transportation with the authority to issue 
further extensions if a railway can demonstrate it has made 
a good faith attempt to meet the deadline but cannot do so 
owing to ‘technical, programmatic, or operational challenges, 
such as availability of public funding, spectrum, technology, and 
interoperability standards’. 

PTC deadline extension legislation introduced “Completion of the Positive Train Control mandate by the end 
of the year is not achievable, and extending the deadline is 
essential to preventing significant disruptions of both passenger 
and freight rail service across the country”, said Transportation 
& Infrastructure Committee Chairman Bill Shuster, one of the 
sponsors of the legislation. “Railroads must implement this 
important but complicated safety technology in a responsible 
manner, and we need to give them the necessary time to do so”, 
he continued. 

The American Public Transportation Association called for the 
Senate and House of Representatives to work together to reach 
consensus on the bill, which would ‘avert a transportation and 
economic crisis and enable commuter rail service to continue for 
Americans who take 1·7 million trips a day.’ 

The Association of American Railroads President & CEO 
Edward R Hamberger said freight operators were pleased with 
the introduction of the legislation. “The committee leadership 
clearly recognises the need for immediate action to forestall 
the looming economic crisis that would result from widespread 
freight and passenger rail service disruption”, he said. “We look 
forward to working with both the House and Senate bipartisan 
leadership to quickly get the PTC extension across the finish line 
and to the President’s desk for signature.”
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Crossrail TPWS contract awarded

Amey has been awarded a £3 million contract to provide Train 
Protection and Warning Systems (TPWS) for the Network Rail-
managed sections of Crossrail.  The bespoke TPWS system, 
which will be developed and installed over the course of the next 
18 months, will eventually be replaced by ETCS once Crossrail is 
completed in 2018.

Lee Jones, director of rail operations for Amey, said: “This 
contract award reflects both the expertise we can offer in TPWS 
systems and our position as a trusted supplier to Network Rail. I 
am pleased that we can support them through the delivery of an 
essential safety system on such a significant project.”

Indian metro chooses Alstom trains  
and signalling

Lucknow Metro Rail Corp. in India has awarded Alstom a €150m 
contract to provide rolling stock and signalling for the future 
line.  Announcing the contract on 5 October, Alstom said it 
would supply 20 four-car Metropolis trainsets from its Sri City 
factory in Andhra Pradesh. The trains will be air-conditioned and 
equipped with a passenger information system. Alstom’s factories 
in Bangalore and Saint-Ouen in France will jointly supply Urbalis 
communications-based train control that will provide a design 
headway of 100 seconds. 

The Indian government approved the first phase of the Lucknow 
metro earlier this year, with a planned investment of Rs69·3bn. 
The project is being developed as a joint venture between the 
central government and the state of Uttar Pradesh. 

Phase IA would connect Chaudhary Charan Singh International 
Airport and Munshipulia. Three stations on a 3·4 km section 
would be underground, with the remaining 19·4 km and 19 
stations on an elevated alignment.  Passenger services on the 
initial 8·4 km section between Transport Nagar and Charbagh 
main line station are planned to start by December 2016. The 
line is expected to carry about 430 000 passengers per day in its 
first year of operation, increasing to more than 1 million by 2030.

French metro to become driverless

The Urban Community of Marseille Provence Metropole in 
France approved plans to convert its two-line metro to driverless 
operation on 25 September. 

As the current fleet dating from the opening of the two lines in 
1977 and 1984 is nearing the end of its service life, a decision 
was taken to replace the trains. A tender is to be called for 38 
four-car rubber-tyred trainsets 75 metres long, to be delivered 
between 2021 and 2024. The trains would be equipped with air-
conditioning and audio visual passenger information, and would 
be accessible to persons with reduced mobility. The budget for 
this is €286m. 

A further €86m is to be spent on installing 1·75 metre high 
platform edge doors at all stations. The council has also 
approved €73m for signalling, €23m for communications and 
€6m for other expenses related to the project.

INDUSTRY NEWS

The power, communications, transport and security systems 
support service provider Eltel of Norway, announced on 5 
October that it had reached an agreement to acquire signalling 
installation, maintenance and project management company 
VETE Signaltjenester. 

VETE was founded by former Strukton Rail employees in 
February 2012, and now has 37 staff and a reported turnover of 
NOK60m in 2014. Customers include Jernbaneverket, the Oslo 
metro, signalling suppliers and construction companies. 

“The acquisition of VETE is a good step for Eltel and aligned 
with our strategic plan in the Norwegian market”, said Fredrik 
Häggström, President of Eltel Rail & Road. “Our clients have 
challenging plans and the market is struggling to meet the 
increased needs of competences and resources. With VETE we 
can scale up our Norwegian business and further develop cross-
border co-operation between our Eltel entities.” 

VETE Signaltjenester owner and CEO Richard Bednar will 
continue as Managing Director of the business. He said the 
company had “grown to a size where we consider being part of a 
larger group will further boost the development of business and 
our employees.”

Norwegian signalling business purchased  
by Eltel

Bombardier’s Rail Control Division further 
expands North American presence

Bombardier Transportation is further expanding its North 
American rail control presence with two new mass transit 
projects. 

The first project will deliver the CITYFLO 650 communications-
based train control (CBTC) solution for Toronto’s Eglinton 
Crosstown Light Rail Transit (LRT) Line. The contract with 
Crosslinx Transit Solutions is Bombardier’s first rail control project 
in Canada. As part of the city’s largest transit investment, this 
is a significant milestone marking Bombardier’s expansion into 
the Canadian rail signalling market. A truly integrated system 
supplier, Bombardier is also delivering a fleet of Bombardier 
FLEXITY Freedom light rail vehicles for the LRT line.

In addition, Bombardier is starting to install the Bombardier 
INNOVIA automated people mover system at Chicago O’Hare 
International Airport, one of the world’s busiest airports, in 
a project which includes its advanced CBTC technology. 
Bombardier can now list eight airports across the USA as being 
equipped with its CITYFLO 650 system. This roster includes major 
airline hubs: San Francisco International, Dallas Fort-Worth and 
Phoenix International Airports.

Peter Cedervall, President, Rail Control Solutions Division, 
Bombardier Transportation, said, “We are particularly pleased 
to be expanding into Canada, our corporate home market, 
and be recognised as a trusted supplier across North America. 
Our solutions move millions of passengers a year, safely and 
efficiently, while reducing operator costs and increasing capacity, 
a vital contribution to meeting the demands of urbanisation.” 

Bombardier Transportation already has a well-established 
rail signalling presence in the United States. Its Centre of 
Competence for Automated People Mover systems in Pittsburgh 
is also home to its Rail Control Solutions Centre of Competence 
for radio-based train control solutions, including the CITYFLO 
650 CBTC technology. A pioneer in signalling, Bombardier 
delivered the world’s first driverless CBTC system to San 
Francisco in 2003. As well as extensive mass transit rail control 
projects delivered since that time, it is implementing the Positive 
Train Control (PTC) upgrade for the Long Island Rail Road and 
Metro North Railroad projects.
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IRSE MATTERS

ASPECT 2015 — from the Chairman’s seat
Ian Mitchell

The IRSE’s international conference 
ASPECT 2015 ran from 15-16 
September at the Queen Elizabeth 
II Conference Centre in London. If 
you missed the conference, you now 
have the chance to catch up with 
the papers and presentations in the 
members’ area of the IRSE website, 
but here is a flavour of the event 
from Ian Mitchell, who was chairman 
of the organising committee.

It’s 07.30 on Day 1 of ASPECT and I’m crossing Westminster 
Bridge from my hotel to the QEII Conference Centre — at least at 
this time of morning the pavements aren’t crowded with tourists 
taking selfies with Big Ben. When I arrive, Graham Hill is already 
there, supervising the setup of the exhibition in the catering 
areas outside the conference room we are using. Next we head 
down to the loading bay to look for the 150 delegate bags that 
should have been delivered from the IRSE’s printers, Fericon, 
ready stuffed with the conference proceedings and a selection 
of free magazines. After manhandling these on a trolley to the 
registration area, I take a peek inside a bag. The first sight of the 
printed proceedings, nearly 300 pages - is a real thrill after all the 
effort of choosing the papers, chasing the authors to deliver their 
text on time, and checking that everyone is using the correct 
format. Getting the right number of bags and proceedings is 
also a challenge - we have to decide on the quantity four weeks 
ahead of the conference, so have to make a guess of how many 
late bookings will arrive — this time we got it just right, with one 
for everyone and only a couple of spares left over.

Back at the registration desks, the ASPECT logo has appeared 
on the screens that have been introduced after a revamp of 
the QEII’s reception area. Hilary Cohen from the IRSE office has 
arrived with envelopes and badges labelled up for each person 
we expect to see at the event — speakers and exhibitors as well 
as paying delegates. This is the culmination of a lot of work in 
the office to make sure everyone is accounted for and gives us a 
clear record of who attending each of the optional social events 
and technical visits.

I head up to the conference room on the 5th floor and introduce 
myself to the audio-visual technicians, who will be looking after 
us for the two days of the conference. The lighting is beautifully 
set up, with the IRSE logo projected onto the walls either side 
of the screen. A sound check is under way to ensure speakers 
can be heard effectively from the lectern and the top table. 
Nevin Reddy is also there with all the presentations collated 
onto a memory stick ready to be loaded onto the laptop in the 
projection booth. Nevin does a fantastic job for ASPECT as the 
papers manager, but I only get to see him at the conference 
itself, as he is based in Malaysia — another example of how 
international the IRSE has become.

Coffee is now being served in the catering and exhibition 
area on the 4th floor, as the exhibitors put the finishing 
touches to their displays and the first delegates arrive. My next 
concern is tracking down the speakers for the first session — 
fortunately they all arrive in good time and I brief them about 

the presentation facilities, 
including the all-important 
three-aspect signal on the 
lectern — green at the start 
of the talk, yellow with five 
minutes to go, and red when 
the allotted time is up. 

By 09.30 the room is 
comfortably filled and we 
get the conference under 
way, with a welcome from 

Francis How in one of his first public duties since taking over at 
IRSE Chief Executive. This gives the two of us rather a sense of 
déjà vu, as he was in a similar position as IRSE President at the 
previous ASPECT in 2012. At least this year we don’t have the 
IRSE Centenary and the Olympic Games to complicate matters.

Then it’s into the regular cycle of presentations, questions and 
answers, and breaks to take refreshments, view the exhibition 
and network with the delegates and speakers. ASPECT is a real 
international gathering that reflects the IRSE’s membership — 
50% of those attending are from outside the UK and 20 different 
countries are represented. Over the two days, 27 papers are 
presented on a huge range of topics, from university research to 
strategic policy and practical applications. The speakers are as 
diverse as the audience — in age, nationality and presentation 
styles. I particularly admire the bravery of those with limited 
experience of spoken English, who nevertheless manage to get 
their message across. There is no space in this article to go into 
any detail of the subject matter — I urge IRSE members who 
didn’t make it to the conference to browse the material in the 
Knowledge area of the IRSE website.

The exhibition is another important element of ASPECT; it’s very 
different from the giant trade shows such as Railtex or Innotrans. 
A small but well focussed audience and a very affordable cost 
(just £1000 for two days) make it attractive to smaller and 
specialist suppliers. The products and services on show this time 
included consultancy, condition monitoring, telecomms, axle 
counters and solid-state relays, with a good buzz of conversation 
around the stands throughout the refreshment breaks.

One of the nicest features of the IRSE in recent years has been 
the use of the Hewlett/Fisher bursary fund to sponsor younger 
members to attend events such as the Convention and ASPECT. 
As well as being a fantastic development opportunity for bursary 
winners, it benefits the rest of us oldies with the chance to meet 
such enthusiastic representatives of the younger generation. 
From a selfish point of view, it also gave me a source of willing 
volunteers to run around with the roving microphones during the 
question and answer sessions.

The first day ends with the conference dinner, which gives me 
a chance to relax as all the organisation for this was undertaken 
by Colin Porter. The venue is the Assembly Hall at Church 
House, which is the Church of England’s conference centre 
near Westminster Abbey, just a five-minute walk from the main 
conference venue. The Assembly Hall is a rather grand circular 
room designed for meetings of the church’s governing body, the 

ASPECT
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Synod, and the doors leading out of the room have designations 
such as “Clergy Ayes” and “Bishops Noes” for use during votes. 
We have an excellent meal preceded by short address from 
Martin Giles, managing director of Ricardo Rail in the UK, who 
are the principal sponsor for the conference.

Day 2 goes by in a similar whirl of presentations, Q&A sessions 
and refreshment breaks, and before long its 17.30 and 
Andrew Simmons, this year’s President, gives the closing address. 
Then it’s time to make sure everything is being tidied away, and 
to head for the Admiralty pub in Trafalgar Square for a much less 
formal social event than the night before. We have a mezzanine 
area reserved for us, with a ‘pint and pies’ menu that goes down 
very well while exchanging views on everything we have learnt 
during the two days of the conference.

The final element of the conference was a choice of technical 
visits on the morning of the following day. Seventy of the 
delegates and speakers took up this option and three parties 
headed off to different destinations:

1. London Underground’s Northern Line control centre at 
Highgate.

2. Network Rail’s ERTMS National Integration Facility at Hitchin.
3. Crossrail’s Farringdon station construction site and Liverpool 

Street offices.
I led the group to Hitchin — inevitably a couple of people missed 
the train from London and one of those then went to Cambridge 
instead of Hitchin by mistake, but all arrived eventually — where 
Network Rail and five suppliers put on an excellent show for us. 
There can be few places in the world where you can see such a 
variety of ERTMS equipment in one location.

The trips to LUL and Crossrail were led by Vivich Silapasoonthorn 
and Martin Fenner respectively, and they also reported successful 
visits, though there was some disappointment that the inevitable 
Health & Safety restrictions limited what could be seen at the 
Crossrail construction site.

So that’s it for ASPECT 2015 — I’m now retiring as Chairman of 
the organising committee and handing over to Martin Fenner, 
who has adventurous plans to support the internationalisation 
of the IRSE by taking the ASPECT format overseas. Look out for 
ASPECT 2017 in Singapore!

Top left: Speakers prepare for one of the sessions. 
Top right: The conference room at the QEII Conference Centre. 
Centre left: The exhibition room during a coffee break.
Above right: The technical visit to ENIF at Hitchin.
Left: The technical visit to Highgate.
Photos: Graham Hill, James Lynch, Colin Porter, Vivich Silapasoonthorn
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IRISH SECTION
Technical weekend visit to  

Northern Ireland
Colin Mcvea

So after months of planning the first weekend Technical Visit to 
Belfast for the Irish section of the IRSE was upon us. Members 
and wives were invited to attend Cultra Museum, which included 
both the Transport and Folk museum. Those who attended this 
afternoon event enjoyed the experience but few managed to visit 
both museums, and some would like to return at another time to 
finish the visit. The good weather ensured the folk museum was 
equally as attractive as the covered transport museum. 

The event officially started on the Friday evening, with 
registration at the Grand Opera House Belfast, from 16.30. 
Members, wives, sponsors and guests mingled in the balcony 
area, and were treated to a tour of the fabulous opera stage and 
stalls. The tour guide was a long serving employee, who could 
engage those attending with real-life stories of the history.

After this, guests were then taken into the Baby Grand Piano 
Room, where tables were set with splendid style, set off with 
the candelabras placed in the centre of each table. Colin Mcvea 
(Secretary of the Irish Section), welcomed guests, followed by the 
Sean Burns (Chairman) and Andrew Simmons (IRSE President).

Colin Mcvea presented a short presentation titled “The Troubles 
with Signalling”, which was a personal reflection of his time 
as a Technician Officer on track. This included some technical 
challenges brought about by the change from mechanical 
signalling to RRI, which saw the migration to Programmable Logic 
Computing (PLC), Westinghouse S2 and Concept 32 electronic 
systems. He also included details of the additional challenges 
presented by external events that were unique to those working 
within NIR, some of which have been televised across the world. 

The second presentation was by recently retired Operational 
Manager Mal McGreevy, who had spent his time as an engineer 
working in the bus and rail division before finishing his career in 
Operations. Some of his highlights included the first purchase 

of new trains in over 20 years. Major projects involved the ‘New 
Trains 1’ purchase of CAF3000, followed a few years later by 
‘New Trains 2’ purchase of CAF4000 trains for the network. His 
insight identified the distance the company had come, from 
the early days of low investment and making do with ageing 
degrading rolling stock, up to the investment in new trains and 
improved infrastructure, which saw the passenger numbers 
increase year upon year. He had seen future success down to 
the park and ride facilities, as well as the potential for new lines. 
His vision of 20 million passengers (currently 13 million) by 2020 
as something possible and highlighted his macro and micro 
thinking: “Aim high and take small steps to get there”. 

Both presentations, although very different, showed just how far 
the company had come and Mr McGreevy’s in particular showed 
a vision for the future. His mention of electrification and ERTMS 
kept the railway signalling engineers present interested. A two-
course meal was then served and a talented pianist played some 
beautiful tunes (most of which had an Irish theme). While guests 
enjoyed their meals, pictures of various parts of the network 
through different eras were displayed on the large screen during 
the meal. Tray bakes were supplied by local signalling volunteers 
at the end of the evening, and a collection was taken for 
Macmillan Nurses, raising a total of £220. 

There were some lighter moments near the end of evening, 
when Colin tried to educate those visiting on some of the local 
sayings. This came under the heading Norn Iron and included 
such sayings as “He fell on his hoop” and ”Do you think I came 
up the Lagan in a bubble?” In closing Colin hoped all had 
enjoyed their evening and thanked everyone for supporting 
this event, including his team which had helped provide the 
support required, but rarely seen. He hoped all those attending 
the two-day event would enjoy the occasion and go home more 
informed about Northern Ireland Railways, and Northern Ireland 
the country.

Members and guests seated in the balcony area of the Grand Opera House.
Photo: Peter Cuffe.
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Guests got to take home the normal folders and pens, but as an 
additional memento a booklet was produced giving event details 
as well as the history of NIR. This was well received.

The next morning saw guests, members and wives meet at 
Belfast Central railway station, where they were divided into two 
groups. Group one contained IRSE members and interested 
parties, who were then taken to Whitehead station, where 
the Railway Preservation Society for Ireland (RPSI) is based. 
Here they were taken on a tour of the site by society chairman 
Dennis Grimshaw, who is also an ex-NIR employee. The site 
contains the only working foundry in Ireland, and it is through 
the skills and ingenuity of volunteers that the steam trains and 
carriages are authorised to use the Irish rail network. The tour 
was restricted for time due to other events organised, but 
most of the facility was visited, and although Colin had initially 
thought the visit would not accommodate the one wheelchair 
guest attending, this visitor managed to attend the venue, 
accommodated by a large portion of determination and a small 
amount of assistance.

The remaining guests were taken on a tour of Belfast and 
Stormont. The driver Rab and tour guide Colin (another) along 
with the beautiful weather made this event enjoyable for those 
attending. The bus tour returned around 12.00, with guests 
then treated to lunch in Belfast central boardroom, where Colin 
the tour guide gave them more useful information. Colin was a 
civil engineer on a weekday but his interest in local history and 
communication skills made him an excellent guide. After lunch, 
guests had the afternoon free; some went to Botanic gardens, 
others to Victoria Square to make use of the excellent shopping. 

Meanwhile, the group at Whitehead used the train network 
to stop at Yorkgate station, where they took a tour of the 
engineering facility at York Road, which was occupied in the 
refurbishment of the Dublin ‘Enterprise’ service. The group were 
given access to the engines and carriages, and were shown the 
new rolling stock and livery to be used. Members were then 
taken to the Signalling department, a short walk away. They had 
lunch here and were taken through the telecomms facilities on 
site, which included the train radio, voice communication, CCTV 
and other various telecom-related functions. They were taken 
into the training area as part of this tour. Here was a short pause 
while the president highlighted an opportunity for the regulated 
photo by the HW point machine, but the opportunity was lost 
due to the tight timescales. Again the trip was shortened to 
facilitate timetable trains. 

Their final destination was Belfast Central, where the group 
received two presentations on the development of the current 
signal panel as well as the IRSE licensing system, which NIR 
is now incorporating in its own licensing agency, with various 
competency assessors for covering testing, maintenance and 
design. This was followed by a tour of Belfast Central NX/
LCD panel as well as the Relay Room. The Panel had started 
from small beginnings, less than two metres in length, but had 
now extended to some twelve and had a Westcad system with 
LCD screens at one end. It had recently been enhanced with 
a dedicated crossing panel that monitored four MCB CCTV 
crossings. The original Relay Room had been filled with relays 
but the introduction of Programmable Logic Controllers (PLCs) 
had seen the removal of over 75 per cent of these, the space of 
which was now taken up with telecomms equipment. Although 
S2 remains the main means of transmission, a small pocket of 
TEML still exists for controlling train movements in two small 
interlockings at Magheramourne and Larne (the recovered TEML 
systems ensure that adequate spares are maintained).

The day was completed by three presentations in central 
boardroom, the first by retired Infrastructure Executive and FIRSE 
John Barnett, followed by retired Chief Signal Engineer FIRSE 
Malcolm Overton and finally current signalling department head 
Jim Moore. It was interesting to see the challenges each one 
had faced, as well as how signalling had developed throughout 

Above right, Day 1, Andrew Simmons addressing the audience. 
Above left, Day 2, Visit to RPSI Whitehead. The group on the platform 
and left, showing an interest in an earlier version of engineering train. 

Photos: Michael Murphy and Peter Cuffe.
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their times in charge. Mr Barnett had dealt with the lack of 
investment and poor infrastructure as well as the height of ‘The 
troubles’. Nevertheless it had secured funding to upgrade the 
infrastructure, with the opening of Great Victoria Street station 
giving him the most pride, as this brought passengers right 
into the heart of Belfast. For his part, Malcolm identified the 
development of the training school and structured training 
programme as his greatest source of satisfaction. Finally 
Jim Moore highlighted the investment in the IRSE licensing 
system as a means to prove and ensure competency, together 
with the introduction of railway standards and the improved 
performance of both staff and equipment. The recent installation 
of data loggers had helped make their work more proactive. 
This clarified the theme throughout the weekend and although 
the day had been long, most enjoyed the relaxed intimate 
atmosphere in which all spoke. Occasionally the speakers broke 
away from their prepared scripts to discuss personal insights.

The day’s visit was finished by a few words from Peter Cuffe 
(Vice Chairman), who realised this responsibility would be placed 
upon him only when he saw the current chairman (Sean Burns) 
catch an earlier train. He conducted himself well and thanked 
all those who had helped provide the weekend of events, which 
were both informative and entertaining. 

Those still able met in a local Belfast restaurant (Darcy’s), where 
they were surrounded by pictures of famous Northern Irish 
people and the relaxed atmosphere allowed members to let their 
hair down. Some of the more jovial moments included the now 
adopted Japanese member Masaki Oti, who talked about the 
merits of Guinness, as well as attempting to teach some of his 
local language to others! 

As the weekend  progressed, the polite formality (with everyone 
introduced by their title and surname, such as the President and 
his wife)  was replaced by welcome familiarity. We ended up 
knowing one another well enough to be entirely comfortable in 
each other’s  company. Vitally the event gave Northern Ireland 
Railways an opportunity to tell their story, as well as affording the 
Irish Section their first real opportunity to socialise together since 
the Section’s formation in December of last year. 

Those attending from outside the Island seemed to enjoy their 
visit, some visiting Northern Ireland for the first time, and such 
were the friendships that were established, the Irish section 
would like to invite them back again. 

Clockwise from top left: York Road fleet engineering with Enterprise carriages in their new livery.  
Wives and guests enjoying the view from the Stormont Northern Ireland parliament buildings. 

Section Chairman Sean Burns inside the Enterprise carriage as it awaits fit out. 
Enterprise cab showing DA, CAWS and TPWS systems. 
Photos: Michael Murphy, Peter Cuffe and Colin Mcvea.
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Site visit to Norton Bridge

Paul Toole, Engineering Integration Manager, Staffordshire Alliance Project

On Tuesday 29 September 2015, a band of 12 S&T Engineers 
undertook a site visit to the Norton Bridge Grade separation 
scheme, part of the Stafford Area Improvements Programme 
(SAIP).   Work at GRIP (Governance for Railway Investment 
Projects) Stage 5 (detailed design) commenced in January 2013, 
with the project being delivered in three phases:

1. Speed increase from 75 to 100mph on the Slow Lines 
between Norton Bridge and Basford Hall (commissioned 
March 2014):
• DfT (Department for Transport) requirement to mitigate 

impact when Fast Line services are routed on the Slow 
Lines;

• Mitigation of impact of timetable strategy, whereby some 
100mph passenger trains are routed on Slow Lines;

• Opportunities to reduce Birmingham – Crewe journey time.
2. Stafford Re-Signalling (23 Stages with final commissioning in 

August 2015):
• Renewal of signalling and power from north of Colwich and 

Penkridge in the south, through to Doxey Junction in the 
North;

• Resignalling of a complex station area to provide modern 
equivalent functionality, with bi-directional signalling for all 
platforms;

• Associated replacement of life-expired telecomms 
infrastructure and signalling power supplies;

Left: The Stafford Area Improvements Programme 
(SAIP) - map and elements of work.
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• Signalling control transferred from the existing Stafford 
No. 4 and No. 5 signal boxes to Rugby ROC (rail operating 
centre);

• Provision of new Stafford Goods Loop: Track and OLE 
(overhead line equipment) enhancements;

• Selected S&C (switch and crossing) renewals, including 
selected motorisation of mechanical and hand points;

• Recovery of the Universal Grinding sidings;
• Recovery of Salop Sidings and provision of new 

maintenance depot.
3. Norton Bridge Grade Separation Works (due for 

commissioning Easter 2016):
• Construction of a flyover at Norton Bridge, including 6 

miles of new 100mph railway, 10 new bridge structures 
and one bridge enhancement, four river diversions, 
major environmental mitigation works, pipeline, road and 
footpath diversions and the construction of temporary haul 
roads;

• Existing Down Slow line replaced by a chord that re-joins 
the existing WCML alignment at Heamies Bridge, thus 
eliminating almost all of the current conflicting movements;

• Existing Up and Down Stone lines partially recovered and 
remodelled, leaving a 40mph bidirectional chord on the 
existing twin track formation;

• Line speeds on the Fast lines through the existing South 
and North Junctions to be maximised following the 
rationalisation of existing S&C trackage;

• Norton Bridge revised control centre strategy requires the 
workstation to be transferred to the Rugby ROC; 

• The associated interlockings will remain at Stoke-on-Trent 
SCC (signalling control centre).

The journey from Stafford station to the extensive site offices 
at Chebsey, near Norton Bridge, made use of the Staffordshire 
Alliance courtesy bus driven by our driver for the day. ‘Hom’. We 
were then treated to an excellent presentation on the Norton 
Bridge Scheme by the Alliance’s Overall Engineering Manager, 
David Lawrance.

David, who has been on the project from early GRIP phases, 
explained the history of the scheme, the number of options 
considered and discounted, and the reasoning behind the layout 

progressed. David went on to describe the set-up of 
the organisation at SAIP and how the engineering 
functions in place, both during the Stafford resignalling 
part of the works successfully commissioned over the 
August 2015 bank holiday weekend and currently at 
Norton Bridge, which is in full construction mode and 
on schedule for commissioning at Easter 2016.   
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Following this excellent presentation and various questions, the 
party donned the safety gear of ‘full orange’, in line with SAIP 
policy, and headed off in the Stafford Alliance site vehicles. On 
this 29 September all expected a usual British drenching but to 
everyone’s amazement the sun shone and a glorious site visit 
commenced.

The first stop was just near the site office close to the newly 
installed railhead at Bridge 1. At this location the group photo 
took place (above) and David explained the reason for the 
temporary railhead, enabling trains to access the new Down Slow 
line for constructing the new lines. All works in this new section 
of line are being undertaken using trains that go onto and off 
site each night under possessions, thus vastly reducing the effect 
on the local population and environment.  The following day 
the New Track Construction (NTC) train was in this section and 
installed 1.5 km of new track. Works have progressed significantly 
since our visit. 

The party then moved onto the next Bridge 3, where panoramic 
views of the new line could be observed in both directions. This 
bridge is a new road access and is open to the public.

Finally the party progressed to the last site, which included the 
newly constructed Bridges 5, 5A, 6 and 6A, a combination of 
Rail and Road bridges in parallel. Here 30-tonne dumper trucks 
were running up and down in the final stages of earth removal 
at the north end of the scheme, to enable track installation to 
commence.

What was clear to all who attended was the scale of the 
alterations occurring in the Norton Bridge area, with work being 
undertaken by the Stafford Alliance to ensure minimal impact on 
both the environment and the public at this extremely busy time.  

We were all then transported back to Norton Bridge site offices 
for coffee and biscuits (and further questions on the scheme) 
prior to our transport back to Stafford station.  A thoroughly 
enjoyable afternoon  

The Midland & North Western section would wish to pass on 
many thanks to the Staffordshire Alliance project, in particular 
David Lawrance (Overall Engineering Manager) and Eric Pritchard 
(Senior Construction Manager), for organising and facilitating this 
site visit. We wish the team at Norton Bridge future success in the 
months running up to and including the commissioning works.

The party consisted of 12 Engineers ranging from the new starter to the experienced, through to even more experienced retirees. 
From left to right: Joe Brown, Melvyn Nash, Robin Lee, Roger Sherlock, Paul Toole, Dave Darby, Ron Whalley, Andy Witton,  

Dion Boulton, Andy Whitehouse, John Gardener, Alan Joslyn and David Lawrance. Photo: Paul Toole.

View looking back from Bridge 3 towards Bridge 1 up the new 
formation of the Down Slow. Photo: Paul Toole.

Bridges 6 and 6a at the northern end of the Norton Bridge project.
Photo: Paul Toole.
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Past, present and future on the Albula Line

George Raymond

IRSE SWISS SECTION

On 11-12 September, Swiss Section members and guests got 
a close-up look at the past of the Rhaetian Railway (RhB) at 
the Albula Museum in Bergün, its present location among the 
multiple loops of the line below Preda and its future at the north-
west portal of the new Albula tunnel.  

BUILT FOR AFFLUENT TOURISTS
Siegfried Ritter led the English half of the museum tour.  Built 
originally as a military arsenal, the Albula Museum showcases 
the men who built the RhB, including the Dutchman Willem 
Jan Holsboer (1834-1898), who became director of a London 
bank at age 30 but in 1867 brought his young wife to Davos 
for treatment of tuberculosis.  He stayed on in Davos to lead its 
development as a health resort and build the Landquart-Davos 
line, which was the start of the Rhaetian Railway.  

We learned about early engineers’ search for catenary 
insulators: porcelain was sturdier, but glass resisted temperature 
extremes better.  Posters from 1937 offered special cheap fares 
to locals to ride on the RhB, which had been built with affluent 
tourists in mind.  We also saw equipment from a Swiss Army 
hospital train — with 27 beds per carriage and an operating 
room — that ran until 1955.  We lingered over the extensive 1:45 
model railway that Bernhard Tarnutzer has been building since 
the 1960s and still represents that period.

EAVESDROPPING IN THE DINER
The museum’s cellar is normally closed to visitors.  We discovered 
local interlocking panels recently replaced by RhB’s Landquart 
control centre.  We also saw remains of a restaurant car that 
RhB bought during World War II from a Berlin builder; the 
Germans had secretly fitted microphones to eavesdrop on table 
conversations.

After a night’s sleep in Bergün’s 
silence, on Saturday morning most 
of us walked up to Preda.  Event 
organiser Marco Lüthi of RhB 
forwarded our luggage by car.  
Between the two towns, the railway 
winds through a number of loops to 
gain 417 metres in altitude.

HELICAL AND SPIRAL 
TUNNELS
We came upon a sign that 
distinguished the helical tunnel, 
which reverses a train’s direction, 
and the spiral tunnel, in which a train 
does a full circle and continues in 
its initial direction.  An invention of 
Swiss engineer Achilles Thommen, 
such tunnels helped gain altitude 
during the building of Austria’s 
Brenner railway in 1864-1867 and 
Switzerland’s Gotthard railway in 
1872-1882.

A rack railway between Bergün and Preda would have limited 
speeds and train lengths.  RhB therefore opted for an adhesion 
railway with a maximum grade of 3.5 per cent.  Other design 
criteria included protecting the line from falling rocks and 
avalanches and minimising the time passengers spent in tunnels.  

RhB engineers opted for stone bridges after the 1891 collapse of an 
iron-and-steel bridge near Basel claimed 74 lives.  Builders typically 

re-used wooden falsework (framing) like this for several stone bridges.  
After 110 years of use and reasonable maintenance, the Albula line’s 
bridges are still going strong under ever-higher loads and speeds.  

Albula Museum; photo by Wim Coenraad.

The Albula Museum holds the 
only machine in Switzerland 
that can still print cardboard 

Edmondson-type tickets.

German and English signs along our footpath told the 
story of the Bergün-Preda line.  

Photo: George Raymond.



IRSE NEWS |  ISSUE 216  |  NOVEMBER 201526

IRSE MATTERS

The line’s designers (notably Friedrich Hennings and Robert 
Moser) decided to lengthen the route between Bergün and 
Preda artificially from six to 12.5 km with nine viaducts and three 
helical and two spiral tunnels.  Armed only with theodolites and 
measuring tapes, engineers guided the workers who built the 
tunnels in 1901-1902 to within a few centimetres of plan.  In the 
tunnel above Muot, men toiled without modern rubber boots 
in knee-deep, 4° C water that leaked into the tunnel from an 
underground stream.  Today, a door at the tunnel’s lower end 
opens for trains and keeps water in the stream from freezing.

On the tunnels and viaducts of a 4 km stretch below Preda, 
trains crossed the valley — and passed under or over our 
footpath — four times.  

A SAFER ALBULA TUNNEL
After 110 years in service, the arch and drainage system of the 
5,860-metre Albula Tunnel are ageing.  It urgently needs renewal.  
Instead of refurbishing the existing single-track bore, RhB opted 
to build a new single-track tunnel about 30 metres to the north-
east.  

In an emergency, 12 cross tunnels will enable passengers to 
escape into the old tunnel, which will become a safety tunnel 
with lighting, a communication system and ventilation.  This and 
three cross tunnels will be accessible to road vehicles.  

The new Albula tunnel is planned to enter service in 2020 and 
the safety tunnel a year later.  The project, including rebuilding 
Preda and Spinas stations, is priced at 400 million Swiss francs 
(€365 million).

MORE SWISS VISITS COMING
Coming events of the IRSE Swiss Section include a visit to 
Lausanne marshalling yard in November 2015 and to the Gonzen 
mining railway and Zurich Airport’s cable-powered people mover 
in 2016.  

Among the loops below Preda.  
Photo: Rolf Seiffert.

Ubiquitous Charles Lung of Singapore witnesses two of the line’s  
four crossings of the valley below Preda.  

Photo: Rolf Seiffert.

Below Preda, RhB trains change valley sides four times within 4 km.  
Photo: Christian Lüthi.

A memorable lunch above Preda station.  
Photo: Charles Lung.



IRSE NEWS |  ISSUE 216  |  NOVEMBER 2015 27

The IRSE’s governing Council meets six times a year in London.  
It comprises 24 people elected by you, the IRSE members.  
The chairman is the current President of the Institution, 
Andrew Simmons.  Members of the Council currently include 
representatives from Switzerland, Australia, Hong Kong, 
South Africa, USA and the UK, reflecting the global nature of 
the Institution’s membership.  You can see details of all the 
members of Council under the About tab on the IRSE website.

The Council’s most recent meeting took place on 6 October 
and this article provides members with a brief summary of the 
matters that were debated.  We will produce a similar article 
after each Council meeting in future.  Matters discussed at the 
October meeting included:

• Final review and approval of the Implementation Plan 
for the IRSE’s Strategy 2015 – 2020.  The Strategy was 
published in IRSE NEWS in June 2015, and this Plan 
provides an additional level of detail about the actions 
to be taken to implement the Strategy.  It includes key 
items about communications and publicity, establishing 
and supporting local sections, and raising the profile 
of the Presidential Programme of Technical Meetings.  
The Strategy and the Implementation Plan will both be 
published on the IRSE website (under the About tab).

• Reports from the Southern Africa and Australasian 
Sections of the IRSE, both of which continue to run full 
programmes of events. The rail industry in South Africa is 
struggling to find sufficient capable resources to support 
its investment programme and one of the challenges 
for the IRSE is to see how the Institution can help by 
providing educational material.

• Proposals for establishing a Masters course in the 
UK (with distance learning) for train control and 
communications engineering.

• Plans for replacing the existing membership and 
licensing database with a new system, due to come into 
operation during 2016.

• Vacancies that will arise on Council in April 2016, and 
which will need to be filled by election by then.

• Reports received from the International Technical 
Committee and from the Audit Committee.

Council also routinely receives reports from its Committees, 
including Membership, Licensing, Education & Professional 
Development, and Recruitment & Publicity.  Council is next 
due to meet on 8 December.

IRSE Council: October Meeting
Francis How
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They did things differently then…
The early days of railways must have been an exciting time. 
There was an explosion of railway construction in the 1830s, 
with investors large and small falling over themselves to put 
money into enterprises which promised returns of better than 
10%. The population at large greeted the exciting prospect of 
travelling at speeds exceeding 20 mph with enthusiasm and, at 
last, freight could move between centres in bulk at all times of 
the year, something otherwise impossible using other forms of 
transport. This enthusiasm and its technology was exported to 
the Continent and around the world, over the following decades.

In UK, the safety of the staff and passengers or their comfort, 
however, was not high on anyone`s agenda – safety measures 
cost money and reduced the shareholder`s dividends. The ability 
of a train to actually stop from speed was not given any great 
priority, relying only on a single brake at each end of the train 
and rear-end collisions became almost an accepted feature of 
early railway travel! The signalling of trains depended on lonely 
trackside policemen who would raise the arms to warn a driver 
of a hazard ahead, or later, operate some form of fixed warning 
signal. The fact that this warning was often either not fully visible 
or too close to the obstruction, didn`t seem to matter too much.

Of course, public opinion mattered, particularly if the railways` 
reputation became tainted and caused shareholders to withdraw 
their funds. So, the various railway companies found themselves 
under pressure to improve passenger comfort and to give more 
attention to safety issues. This latter was always a difficult area 
– it is not always easy, even today, to make a business case for 
safety measures on their own. A policy decision is often required 
– and there was no central authority before the 1870s to press 
the railways companies to spend money on safety features. The 
governments of the day all adopted a laissez faire attitude to day-
to-day railway affairs

Still, improvements in safety did take place, albeit slowly, 
making use of the technology available. However, much reliance 
was placed on published Rules and Instructions which the staff 
had to learn and remember. At a time when literacy amongst the 
staff generally could not be relied upon, supervisory management 
was required to actually read the Rules to the staff on a regular 
basis. Curiously, this was still a requirement in some regions until 
the 1980s!

The first semaphore signals appeared in the 1840s and the 
operating levers for the points and signals became grouped 
together, often in a cabin, later to be known as a signal box 
occupied by a policeman, now known as a signalman. As an 
aside, it was common practice to address a signalman as `officer` 
in one region of UK, until at least 1985. 

1843 saw the first installation of a Wheatstone telegraph system, 
between Paddington and West Drayton. As developments in 
telegraph and telephone technology accelerated in the USA, 
through to the 1870s, so did the expansion of the railway 
communication systems in UK. These became an essential feature 
of operational life for Britain`s trains, as these are today..

There was even a progressive attempt to improve the braking 
power of the trains, if only by a continuous chain linking the 
brakes of individual coaches but it would take nearly half a 
century for continuous air or vacuum braking throughout the 
train to be provided. Indeed, freight trains of wagons relying on 
a brake at each end of the train, were still regular a feature on 
Britain`s railways in the 1980s, albeit restricted to low speeds. The 
era of continuous braking allowed higher speeds to be reached 
on passenger trains, a feature always attractive to the public.

However, although the accident record gradually improved, 
any reader of `Red for Danger` by LTC Rolt, would learn of some 
horrifying and tragic incidents, very often the result of human 
error.

The introduction of interlocking between levers in the signal 
box gradually appeared after 1850 but with the creation of the 
Railway Inspectorate in 1870, there began a frenzy of safety 
improvements across the country, with the supply industry very 
actively involved. Names like McKenzie and Holland, Saxby and 
Farmer, Dutton and Stevens, entered the day-to-day vocabulary, 
throughout the railways.

The emphasis then, as now, was to find a way of enforcing the 
Rules and Regulations as far as the signalman was concerned in 
particular, to reduce the element of human error in his normal 
working. The answer to the question “where is the train?” was 
a continuing problem though, until the introduction of the track 
circuit at the end of the 1800s. Even then, overall widespread use 
of the track circuit did not take place, generally on the grounds 
of cost. As late as 1950, a number of signal boxes still relied 

They did things differently then ... The Sykes electro-mechanical interlocking with its Stevens pattern lever frame at Glasgow St Enoch  
at the beginning of the 20th century. Photo: Westinghouse Archive held at Kidderminster Railway Museum.
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on mechanical lifting bars to ensure the safe passage of trains 
through facing points.

As Past-President Tony Howker once asked, “Have we forgotten 
the driver?” In one respect, we may have done. The driver 
is tested for his route knowledge but perhaps it is possible 
for him to be distracted, perhaps to forget briefly just where 
he is at night or in bad visibility. In September 2013, near 
Santiago, Spain, a speeding train entered a zone requiring a 
reduced speed which was ignored. A serious accident with 
many casualties resulted. Similarly, in May 2015, In Philadelphia, 
USA, a fast passenger train entered a section of line requiring a 
considerable reduction in speed, which didn`t take place. Again, 
a serious accident resulted, enquiries into which are still ongoing.    
In a perfect world, every train would be equipped with ATP, 
ERTMS, PTC or equivalent but that time is yet some way distant 
– the technology exists but may lack funding. Until that time the 
travelling public will be vulnerable to a driver error. In the UK, 
giving the driver an AWS warning at the start of any significant 
speed restriction at least warns drivers of action required, and is 
surely a step in the right direction.

Of course, in the 21st century, we might think we have reached 
a point of satisfaction, that safety is now assured in the signal 
box. That may be true in normal working but as soon as a failure 
occurs, the situation becomes full of hazard. Effectively, we 
suddenly find ourselves back a couple of centuries in time. There 
seem to be more incidents when the system is in a failed state, 
than when it is working normally. Reliance must then be placed 
on competent personnel to operate the railway in a safe manner 
as set out in the Rules and Instructions; these people seem to be 
a scarce resource.

With sadness we record the passing of two worthy members of 
the Institution, Geoffrey Miller and Hugh MacGillivray.

Although Geoffrey ‘Geoff’ Miller was not an IRSE member in his 
later years, he contributed a great deal when he was younger. He 
was a self-starter and prime mover in the IRSE, firstly in arranging 
meetings in conjunction with the UK’s Western Section and later 
in initiating the formation of the Plymouth Section, of which he 
was the first to be elected as Chairman, a post that he held in 
1969/70 and again in 1979/80.

Dave Came, current Hon. Secretary at Plymouth, writes: “During 
his working life he was a keen supporter of the Institution to the 
extent he initiated the formation of the Plymouth Section in 1970, 
after joining ML Engineering from Westinghouse.”

On the work front Geoff developed the product manufacturing 
capability of ML, with the most notable being jointless track 
circuits. Originally he obtained a licence to manufacture the 
French Aster track circuit equipment in the UK until such time 
as a modulated version was necessary, at which time ML’s own 
TI21 was developed. He also drove the development of many 
telemetry products, all prefixed by the well known TEML logo.

Geoff Miller passed away on Friday 28th August, aged 86. He 
died in Plymouth’s Derriford hospital, with his family at his side.

On the other side of the Atlantic in the USA, in a career 
spanning more than 45 years in the metro, regional and light 
rail sectors, Hugh MacGillivray’s first significant post was as 
Chief Line Maintenance Officer, Superintendent C&S, Signal 
Construction Supervisor with the Southeastern Pennsylvania 
Transportation Authority (SEPTA). During his 10-year tenure 
from 1983 to 1993, he had responsibility for Power Distribution, 
Signals, Communication and Track within the authority’s Railroad 
Division, covering 260 track miles and a work force of 325.

He then became involved with new-build light rail construction 
projects.  His final assignment up to his death last year was 
with international consultancy Hatch Mott MacDonald, as 
senior associate leading the Train Control and Communications 
Section of the Rail Systems Group. At the time of his death, he 
was a member of the APTA Power, Signals & Communications 
Technical Forum in recognition of his considerable expertise in 
the disciplines of Rail System Design, Systems Integration, and 
Signalling and Train Control.

Gordon MacDonald, rail systems practice lead (US), for Hatch 
Mott MacDonald, paid tribute saying:  “Hugh MacGillivray made 
great contributions to the transit industry, where he has mentored 
many young systems engineers. He never hesitated to assist his 
fellow work associates and never refused any challenge.”

Hugh passed away in Tracy, California on 3 December last year, 
after fighting a long battle with cancer.

PAST LIVES

20 years ago, a solid core of experienced operating personnel 
existed, who had probably risen from senior signalman positions, 
and could be expected to take charge of handling traffic in the 
case of serious failure. It is not clear whether such people still 
exist nor whether special training programmes are in force, to 
prepare staff for future eventualities. In the 1960s a considerable 
model railway layout existed at Derby, long since removed, 
where operating staff could test their skills against various failure 
scenarios. A similar approach was adopted on some Continental 
railways and may still exist.  It might be said, the modern trend to 
centralising control of the signalling systems, where an operating 
centre controls large geographical areas, requires very special 
attention to the `failed state` problem. Apocryphal observation of 
the operational handling of trains during two cases of disruption 
a few months ago, suggests there is some way to go before 
confidence in the backup procedures can be assured. 

Perhaps there is some way in which the signal engineer can help 
this situation although thoughts of emergency panels can be 
controversial. The installations themselves can produce their own 
problems of technical complexity, reliability, manning and staff 
availability, training and communications.

It appears then, the human factor has not yet been eliminated 
from every aspect of railway operation. Perhaps this is an 
impossible goal but there is no room for the complacency of the 
1830s.

Michael Page
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MEMBERSHIP MATTERS

Current Membership: 5351

ADMISSIONS

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

FELLOW
Le Bouar P SNCF Reseau France

ASSOCIATE MEMBER
Agarwal S Bombardier India
Arumugam T Ansaldo Malaysia
Chawla V Delhi Metro Rail Corp India
Cheung C W D MTR Corporation Hong Kong
Chew T G MMC Gamuda Malaysia
Dhanaraj S Bombardier India
Dixon A Network Rail UK
Dumitrascu M Jacobs UK
Dutta D Bombardier India
Esposito D London Underground UK
Fu H S Marubeni China
Gera A A Bombardier India
Gupta S Bombardier India
Hammond A Network Rail UK
Khan A M Atkins UK
Kolli V S Indian Railways India
Kumar A Bombardier India
McGrath W W P McGrath Pty Australia
McKinley R Northern Ireland Railways UK
Mehra R Water Power Eng India
Muthuvel S Aurecon Australia
Nemalapuri S K Bombardier India
Quick S Verebus Engineering Netherlands
Srivastava J Bombardier India
Thanekar S Bombardier India
Warren B Northern Ireland Railways UK
Wogrinc C Canadian Pacific Canada
Wood D Network Rail UK
Wood T M Network Rail UK

AFFILIATE

TRANSFERS

MEMBER TO FELLOW

ASSOCIATE MEMBER TO MEMBER

MEMBER
Anif M A Ansaldo Malaysia
Cai B G Beijing Jiaotong University China
Halls A Carillion UK
Lawana H L Network Rail UK
Mohamed T U MMC Gamuda Malaysia

Bonnet E VolkerRail UK
Dowe C D Siemens UK
Gollan T Downer Australia
Hilote I I Signalling Solutions UK
Hoving M Grontmij Nederland Netherlands
Kim H S University of Birmingham UK
Kumar D Bombardier Transportation India
Lake A Atkins UK

Hersey P Lionverge Civils UK

Firth S VolkerRail UK
Mishra A Public Trans Auth, WA Australia

AFFILIATE TO ASSOCIATE MEMBER
Cole L S Carillion UK

DEATHS
It is with great regret that we have to report the death of the 
following member:  MacGillivray M.

RESIGNATIONS
Butler B, Hillidge CG and Williams R.

ENGINEERING COUNCIL REGISTRATIONS
Congratulations to members Arnold B and Brennan S who have 
achieved their Final Stage EngTech registration. 

AFFILIATE TO MEMBER
Ireland R A Network Rail UK
Obitayo A Arup UK
Robilliard P K Network Rail UK

RE-INSTATEMENTS
McKendrick B.

AFFILIATE (CONTD)

Ma K W MTR Corporation Hong Kong
Mitchell R Colas Rail UK
Muskett J Network Rail UK
Mustapha R London Underground UK
Nelson C Atkins UK
Nyakudarika M Ansaldo Zambia


