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SUMMARY 

Innovative asset management is about starting a project with “The End in Mind”, including how they need to 
operate and maintain the system, so a better overall outcome can be achieved. Metro companies are able to 
take advantage of new technologies and gain from the benefits they are providing, rather than just installing the 
same old solutions they have in the past. For instance, Asset Management (AM) is continuing to develop through 
new standards, innovation, technical developments and from new ways of looking at whole of life management. 
In tough economic times, business often take short cuts with asset management in a bid to remain profitable. It’s 
usually one of the first areas whose budget gets cut back for a whole range of reasons. Such a decision only 
provides a short term solution to a problem that ultimately gets worse and comes back to bite even greater. 

Technologies such as BIM, Mobility, Analytics, Virtual Reality and a suite of ISO standards represents a coming 
of age for rail systems asset management. They are transforming the Metro rail sector and are helping to drive a 
long term approach to maintenance with benefits. One that is now allowing staff to do more with less whilst 
allowing them to improve the asset availability and reliability.  

1 INTRODUCTION 

There has been a significant expansion in the number of new and extended metro systems around the world in 
order to serve the number of customers using them. Customers have also become more demanding and want a 
Metro system that is reliable, available when they need it, so they can turn up and go. The system has to be safe 
and future proofed in order to accommodate the ongoing increases in patronage that many Metro systems are 
now facing. 

With the overall aim being to spend less on maintenance to provide a greater gain for the business. The benefits 
this produces can transform a business with a poor reputation for on time delivery to a highly reliable, customer 
focused operation where patronage growth raises the overall service performance.  

Metro owners are having to get smarter in the way they design, build and maintain their systems. From a whole 
of life costing point of view, it’s the design phase of a project that locks in the future operating and maintenance 
costs for a Metro system. The purchase price of the equipment is only a small proportion of the overall system 
operating and maintenance costs. It is therefore critical that designers achieve the right project outcomes. By 
applying a reliability, availability, maintainability and safety (RAMS) analysis approach to support a whole of life 
cost model, then an optimum solution can be produced during the design phase. 

Predictive maintenance and new technologies are the driving forces behind changes that are occurring in AM. 
They are helping to drive the railways to be more focused on how they can best meet their business goals and 
the level of service required.  The main focus is to maximise efficiency in railway maintenance practices utilising 
data and information available in order to achieve a cost effective outcome. While also managing the level of 
acceptable risk and the impact that it may have on the overall operation. 

This paper covers the new way of thinking which Metro owners can adopt and the principals required to 
implement them, if they are to remain competitive in the rail environment against other transport modes. 
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2 ASSET MANAGEMENT  

2.1 Definition 

What is asset management and why do we need it?. 

AM is defined as “the combination of management, financial, economic, engineering, and other practices applied 
to physical assets with the objective of providing the required level of service in the most cost-effective manner. It 
includes the management of the entire lifecycle—including design, construction, commissioning, operating, 
maintaining, repairing, refurbishment, replacing and decommissioning/disposal of physical and infrastructure 
assets.” 

This is illustrated in figure 1 below which shows the main steps involved within the asset lifecycle.  

We need a good AM system and process to ensure that AM is looked at it from a “whole of life” point of view and 
to ensure that the full cost of ownership is understood. Asset Management is not just about the capital cost of the 
asset, but also includes the operating and maintenance costs. 

It’s also about having a well-defined AM strategy, AM objectives and AM capability (people, process and 
procedures). 

By understanding the basis of AM we can then look at the standards, principals and processes required to deliver 
the necessary outcomes. 

Figure 1:  Asset Management System 

2.2 Standards 

The introduction of the suite of ISO standards on Asset Management (55000, 55001 and 55002) represent the 
coming of age for the Asset Management industry globally. Asset management has grown out of the challenges 
faced in managing an increasingly complex and aging asset base within increasingly demanding public and 
private environments. 

It’s become increasingly important that railways are more proactive in understanding customer requirements and 
translating these current and future needs into tangible plans for action. This is particularly important where 
customers have a choice of transport modes that they can utilise along with a higher level of service expectation. 
For example on a metro system, no longer do customers want to be constrained by timetables, but rather have a 
turn up and go approach ensuring they get to their destination in a timely fashion.  

The ISO 55000 standards for AM are helping railways understand what AM is and more importantly, what it can 
do for them and their organisations. It’s a way for the railways to understand the potential and how to organise 
those possibilities. 



Innovative Asset Management & Metro Technologies Page 3 of 9 

2.3 Principles  

Implementing an AM system is just the start, whereby it will clarify the organisations purpose and strengthens the 
link from what you are trying to achieve with your assets, to what your organisations customer and stakeholders 
actually need. It sets you up for life but is not a means to an end by itself. 

The organisation needs to understand what impact the key principals above will have and drive a culture change 
within its business to ensure that everyone understands the value that it will bring to the organisation as whole 
and just as importantly to its customers. 

ISO5000 helps to define the relationship between asset management, system and portfolio as:- 

Asset Management – A co-ordinated activity of an organisation to realise value from assets. 

Asset Management System (AMS) – A set of interrelated or interacting elements to establish asset management 
policy, objectives and processes to achieve those objectives. 

Asset Portfolio – Assets that are within the scope of the asset management system. 

ISO55000 provides an overview of the subject of asset management and the standard terms and definitions to 
be used. 

ISO55001 provides the requirements specification for an integrated, effective management system for assets. 

ISO55002 provides guidance for the implementation of such a system. It states that compliance with all of the 
requirements of ISO55001 should only be considered as achieving only the minimum starting point for an 
effective AMS and should be seen as the final goal. 

Organisations need to identify their maturity rating levels against ISO55001 requirements as shown in figure 2 
below. 

Figure 2: ISO55000 Maturity Rating 

A Metro railway and its asset portfolio can have a number of different characteristics which can lead to a 
divergence in the best appropriate practice. The main items an organisation has to consider are:- 

Asset System Criticality – which is the importance of managing the assets optimally 

Scale and Complexity of the Asset Portfolio – which is the difficulty of managing the assets optimally. 
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Volatility of Business Environment – which is the freedom/opportunity to manage asset optimally over the whole 
lifecycle. 

As an organisation adopts the ISO55000 principals then compliance becomes the expected norm, the higher 
level of maturity will become the driver for change. When an organisation achieves the competent maturity level 
and above, it will really demonstrate the value of the organisations objectives. 

3 MAINTENANCE APPROACHES  

There are a number of steps that a metro company must take to achieve a predicative maintenance approach. 
The first is to understand their current state approach to maintenance and then identify what they need to 
change. They then need to make those changes along with the required culture change. 

There is generally one of two current state approaches to maintenance that many organisations have in place. 
Whether they have planned it that way or not. 

3.1 Reactive Maintenance 

As economic conditions toughen, then metros face the challenges of improving their bottom line performance 
year after year. Yet in doing so, they risk bypassing the fundamental practices needed to sustain a reliability 
driven approach to AM. 

Too often businesses take a short term view of AM, whereby they take short cuts or easy options to cut costs or 
postpone shutdowns in order to boost asset utilisation rates and keep their railways up and running. Yet often or 
not, these practise are not sustainable and generally don’t support continuous improvement. 

A “reactive maintenance” approach is about following good work practises and fixing broken equipment in the 
shortest possible time. It often involves spending more money on spare parts and various tools now, in a bid to 
reduce the time spent on unplanned maintenance and repairs down the track. 

A back to basics approach is about fixing faults, rather than eliminating faults. It’s a reactive approach to 
maintenance and one which many organisations use to get by each day with. It’s easy to cut the maintenance 
spending when you don’t see an immediate adverse effect of doing that. Yet this short term move has costly long 
term implications. 

3.2 Planned Maintenance 

When metros take a longer term approach to maintenance and find ways to do things more efficiently and 
effectively, then they start to reap significant rewards over a reactive maintenance approach. 

A planned approach to AM is all about decreasing the number of unplanned outages to ensure that the rail 
system continues to operate when it is required to. 

The fundamental steps behind developing best practice AM are:- 

1. Develop and implement an effective maintenance strategy to improve maintenance effectiveness.  

2. Creation of a work order system to improve maintenance efficiency. 

3. Adoption of world class operations with efficient and effective practices. By benchmarking against 
others already performing AM to a high standard, then lessons can be learnt as to what needs to be done to 
achieve the same or do better.  

Planned maintenance whilst a popular approach to asset management, also has the tendency to reduce the 
useful life of the equipment due to unnecessary maintenance activities or early replacement of equipment to align 
with the standard change out requirements. Increasing the replacement or maintenance time intervals without 
further data to support it, will increase fault probability and the risk of major failures.    
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3.3 Predictive Maintenance 

When a metro company has implemented an effective planned maintenance approach to managing their assets, 
they can then take the next step towards a predicative maintenance approach if considered necessary. 

Predictive maintenance techniques are designed to help determine the condition of in service equipment in order 
to predict when maintenance should be performed. It is about optimising the maintenance timing for individual 
assets and systems based on their condition, utilisation and criticality to the system they are a part of. The asset 
evaluation is based on data inputs and looks at the probability and likelihood of failure of that asset and impact 
such a failure will have on the system. For example – the impact to the level of service that has to be provided 
and what the costs will be for any failure and the time it will take to repair. This can also include the damage to 
reputation due to failure and disruption to the railway network. The evaluation is then used to determine what 
level and type of maintenance is required for that particular asset. This will also include consideration for spare 
parts, training, tools and test equipment required.  

This approach can provide cost savings over planned maintenance as tasks are only performed when really 
required. Another benefit it can provide is the convenient scheduling of corrective maintenance to prevent 
unexpected equipment failures. The key to this is having the right information at the right time. By knowing which 
equipment needs maintenance, maintenance work can then be better planned (access, parts, labour, plant, etc.,) 
and what would have been an unplanned outage, is transformed into a shorter outage at the time to cause the 
least amount of impact to the railway. 

The ultimate goal of predictive maintenance is to perform maintenance at a scheduled point in time when the 
maintenance activity is most cost effective and before the equipment loses performance within a threshold or 
fails. 

The “predictive” component of predictive maintenance stems from the goal of predicting the future trend of the 
equipment condition. This approach has typically used principles of statistical process control to determine at 
what point in the future, maintenance activities will be appropriate. 

Within the railway environment, most predictive maintenance inspections are performed while the equipment is in 
service, thereby minimising disruption to the normal system operations. This is sometimes performed remotely 
where a communications system is available to stream the necessary information back to a central location and 
the data evaluation is performed without leaving the office. 

Implementation of a predictive maintenance approach can therefore result in substantial cost savings and 
provide a higher level of system reliability. 

4 NEW TECHNOLOGIES 

Asset management is now utilising an increasing number of new technologies and techniques in order to 
evaluate equipment condition and thus drive the maintenance planning required. 

In the past, non-destructive testing technologies such as infrared, acoustics, vibration analysis, sound level 
measurements, oil analysis and other online testing has been used. 

There is a number of new technologies which are starting to make their impact in the rail industry. Whilst some 
are still a developing technology, that pace of change is ever increasing the benefits that they bring to the 
industry. Correctly applied to AM, then  organisations stand to reap the savings they are providing, be it in terms 
of dollars, time, efficiency, availability, reliability or safety. 

A new approach to this area is to utilise measurements on the actual equipment in combination with 
measurement of process performance, measured by other devices to trigger equipment maintenance. 
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4.1 Condition Monitoring 

The use of model based condition monitoring for points machines and layouts have grown in popularity in recent 
years. This method involves spectral analysis on the point’s machine, motor current and voltage signals then 
compares the measured parameters to a known and learned condition model which is built up over months and 
years of use. This process of model based condition monitoring was originally designed and used on NASA’s 
space shuttle program to monitor and detect developing faults in the space shuttles main engine. It allows for the 
automated data collection and analysis tasks to occur for every train that passes through the site being 
monitored. This provides round the clock condition monitoring and warnings about the faults as they develop. 

Warning thresholds can be set up to provide sufficient time for maintenance staff to program their maintenance 
work to visit the site prior to a failure occurring. As the system learns over time, adjustments can also be made 
on a per site basis to accommodate the local environment, the weather, frequency of train movements and the 
age of the point’s equipment. 

Figure 3 – Points Condition Monitoring Equipment                Figure 4 – Voltage & Current Sensors 

Point’s condition monitoring equipment usually consists of a data interface unit, communications system (as 
shown in figure 3) and voltage & current sensors (as shown in figure 4) used to collect the operating information. 

4.2 Building Information Management (BIM) 

From out of the building industry a new design process has evolved which is now helping to improve the area of 
AM. Originally known as Building information Management (BIM), it has more broadly become known as Better 
Information Management. 

BIM is enabling better asset management through the use of new technologies and is providing an integrated 
data platform. It’s able to link data systems providing a single source of truth where the 3D design drawings 
(visual & non-visual), AM information and asset data can all work together. 

For example, asset monitoring systems, such as condition monitoring can generate a huge amount of data which 
often end up in a silo. By providing a way for AM to more widely utilise this data, metro companies then have a 
much boarder view of the overall health of assets in support of their asset management strategy. 
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Figure 5 below shows an example of a federated BIM design which has combined building and railway designs 
into one common environment. This allows an overall view of how the combined design and systems fit together 
as one feature rich data set. 

Figure 5 – BIM Design 

By linking together the BIM designs, the AM Information and the asset data, then details can be exchanged 
between the different systems, whilst retaining a single source of truth. 

This ensures that when a change is made, for example – a different type of motor is installed to replace a failed 
one, that the asset register gets updated (the asset data), the AM Information receives the updated the 
documentation for the new type of motor and the BIM drawings get updated to show the visual and non-visual 
details associated with the new type of motor. 

By linking the different data sets mentioned above, the level of data assurance improves and also provides a way 
for an integrated mobility solution. One that can benefit maintenance, engineering, operations and management. 

In other words, BIM supports AM through the availability of appropriate and reliable information about assets. 
This information is vital to support decision making, planning and execution activities on the assets. It provides 
the ability for data management, configuration management and traceability. By knowing the exact location of 
each key asset, its class, type & component breakdown structure and other supporting data, work orders can be 
issued out electronically. 

Technology is now allowing mobility to link to the asset data, AM Information and BIM designs providing an 
automated tool for maintenance staff. Work orders can be issued electronically to a mobile tablet and the 
maintainer is able to complete the necessary actions and electronic paper work in the field. The system can then 
update the master asset data and trigger work flows to ensure that other systems are also updated. 

As the amount of data being used grows, then careful consideration of what information is required to be 
transmitted needs to identified 

4.3 Analytics 

Analytics is all about the discovery, interpretation, and communication of meaningful patterns in data. Especially 
valuable in areas rich with recorded information, analytics relies on the simultaneous application of statistics, 
computer programming and operations research to quantify performance. Analytics often favours data 
visualization to communicate insight. 
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With the implementation of BIM, AM Information and Asset data, then railways may use this information and 
apply it to business data to describe, predict, and improve business performance. Specifically, areas within 
analytics include predictive analytics, enterprise decision management and system modelling.  

Analytics has also driven the term “Big Data” and the question for the rail industry is what the right balance 
between Big Data and the need to expand the human input and analysis. 

4.4 Augmented Reality 

Sometimes a higher level in performance of a system cannot be achieved by simply improving the current 
solution. A step change and completely different approach is often needed to achieve a more effective way of 
performing maintenance. 

Introducing Augmented Reality. This is not about playing games, but utilising a technology which has largely 
been driven by the gaming industry for the good of the railway industry. 

What is Virtual Reality (VR) 

Virtual reality is all about the creation of a virtual world that users can interact with. This virtual world is designed 
in such a way that users find it difficult to tell the difference from what is real and what is not. Furthermore, VR is 
usually achieved by the wearing of a VR helmet or goggles such as Oculus Rift as shown below in figure 6. 

Figure 6 Virtual Reality using Oculus Rift 

What is Augmented Reality (AR) 

Augmented reality is the blending of virtual reality and real life, as developers can create images within 
applications that blend in with contents in the real world. With AR, users are able to interact with virtual contents 
in the real world, and are able to distinguish between the two. 

Both virtual reality and augmented reality are similar in the goal of immersing the user, though both systems 
approach this in different ways. With AR, users continue to be in touch with the real world while interacting with 
virtual objects around them. With VR, the user is isolated from the real world while immersed in a world that is 
completely fabricated. As it stands, VR might work better for video games and social networking in a virtual 
environment. 

Asset Management using AR include:- 
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Staff Training – in order to provide a safe training environment, AR can be used in a class room situation to walk 
the user through the asset management requirements for a particular piece of equipment. It may be one that they 
have never physically seen before, but through the use of AR, they can learn to maintain it as if they were in the 
field working on the railway. It can be used to train them on how to disassemble or reassemble a piece of 
equipment. AR allows them to pull the item apart by using their hands as shown in figure 7 below. 

Figure 7 Augmented Reality Training 

5 CONCLUSION 

In setting up an asset management system, a metro company needs to have a clear understanding of the 
standards, principles and process required to deliver the required outcome. ISO55000 is a set of standards that 
is helping the AM industry do just that.  

Technology based AM that is driving change through the use of predictive maintenance. This is helping metro 
companies make smarter business decisions in the area of their maintenance spend, renewals and upgrades 
expenses. By optimising when equipment requires maintenance, tasks are only being performed when they 
actually need to be. 

With metro companies now embracing new technologies such as condition monitoring, BIM, Analytics and 
Augmented Reality, an integrated and more efficient approach to AM is being achieved. Better utilisation of asset 
data is being achieved and analytics is helping to achieve more out of the information being collected. 

This is helping staff to do more with less whilst allowing them to improve the asset reliability, availability and 
system safety.   
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SUMMARY 

Data is increasingly seen as the fundamental component of modern railway systems which is required to achieve 

objectives for standardisation, interoperability, capacity improvement, reduce lifecycle costs and improve safety 

and performance.  The methods for the collection of data would benefit from standardisation of key elements that 

are required.  The development of specifications to cover a range of typical applications could be the first steps in 

standardising the key elements of the data collection in terms of accuracy, verification and validation. 

This paper considers the role of Building Information Modelling as a tool which could be used to manage data 

which is vital for modern signalling systems and how this would enable suppliers to have greater confidence in the 

data supplied by infrastructure owners. 

1 INTRODUCTION 

European Train Control System (ETCS), Communications Based Train Control (CBTC) and many Traffic 
Management (TM) technologies all need accurate and up-to-date models of the infrastructure they control.  
Constructing these data models is seldom straightforward, especially for brown field sites.  Data has to be collated 
from diverse surveys and designs, each using different datum points and coordinate systems.  Having constructed 
a data model, it then has to be updated each time the infrastructure changes.  Even then, things don’t always 
behave as expected: assets that are physically close together can appear a long way apart in the model. 

This paper presents the argument that Building Information Modelling (BIM) provides an opportunity to obtain 
infrastructure data, for design purposes, from a trusted source requiring optimised levels of validation because the 
data requirements can be included in BIM from the outset and that data is regularly actualised in terms of as-built 
records delivered in a timely manner.  Additionally, the responsibility for data accuracy and validation will be shared 
between suppliers providing the data into BIM because many of their activities are upstream in the lifecycle of the 
system implementation project and future whole life.  The project client or asset owner’s BIM Manager is the overall 
custodian of the data and therefore, maintains the validity of the data. 

Opportunities for further work are identified including standardisation of data requirements and their formats such that 
BIM setup in the mobilisation phase of projects can utilise an agreed common set of standards ahead of signalling 
supplier selection. 

The term 'signalling' is used generically throughout this paper to include ETCS, CBTC, TM and other modern signalling, 
control and traffic management technologies. 

2 BUILDING INFORMATION MODELLING 

The term BIM describes the use of advanced computer systems to build 3D models of infrastructure and hold large 
amounts of data about asset positioning and, potentially, condition throughout the whole life of a system1.  

It is important to acknowledge that 3D models of large complex systems can, not only enable those engaged in 
the design and construction to reduce costs and waste but can also be used by operators and maintainers during 
the ongoing life of the system.  Crucially, any changes to the system for enhancement or improvement purposes 
can utilise the BIM tool providing data configuration is maintained as a true and accurate representation of the 
system in operation. 

Her Majesty’s Government, in declaring a strategy and mandating the use of BIM on all centrally procured projects 
by 20162 has provided industry in the UK with an opportunity to develop integrated systems which utilise data 
stored in BIM as a key component.  Of course, the UK is not alone in aspiring to the universal use of BIM and the 
potential for global data harmonisation at all sub-system levels, including railway signalling.  For example, China 
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Railway BIM Alliance has produced a standard for Railway BIM Data3, however it does not include a specific 
section on data requirements for signalling systems. 

Why then, are there not more papers, articles, specifications, standards and products geared to incorporating 
signalling systems into the wider BIM universe? 

3 HISTORIC ISSUES 

The main challenges faced during the design of signalling systems have been grouped into three main topics within 

this paper.  

Before addressing each topic, it is worth noting that signalling system design requires information based on 

distance travelled between objects which is unique to each track.  The baseline for the data is often termed a track 

skeleton or track map depending on the type of signalling system.  Each object has a referenced position as the 

distance travelled (real distance) from the element at the start of the segment. 

To create a track skeleton or track map the infrastructure will often need to be surveyed because there is no pre-

existing validated source containing all the required data.  Examples of typical data requirements including both 

positional measurements and calculated or derived attributes are listed in table 1. 

Positional Surveyed Attributes Calculated Derived Attributes 

Signals Buffer stops/train arrestors Track centreline 

Drivers signage TPWS OSS loops (arm & trigger) Level transitions 

Balises TPWS TSS loops Gradients 

Track circuit connectors AWS magnets Line speeds 

Track circuit interrupter  Ground frame Temporary (!) speed restrictions 

Axle counter head Staff warning equipment 

Train stop Platform signal equipment 

Trip cock tester Automatic power control magnet 

Treadles Neutral section 

ATP Beacons Level crossings 

Impedance bonds Footpaths 

Point ends Platform screen doors 

Table 1: Typical positional and calculated signalling system data requirements 

3.1 Standards/specifications for data collection 

While some individual railways may have standards covering the methods for survey data collection and data 

quality management on their own infrastructure there is no common approach which is applicable to all signalling 

systems.  Reasons for this include; a tendency to build on tradition, the network may consist of a collection of 

routes brought together or built at different times in the past to standards of the day, green versus brown field sites, 

national or regional variance and differing construction tolerances. 

The consequence of not having a common set of standards and specifications leads to uncertainty when planning 

for signalling design projects and, hence suppliers of systems tend to build-in risk (cost) when tendering for the 

supply and implementation of signalling systems.  Equally, the responsibility for defining an approach may fall to 
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an individual project team who focus on delivery and handover of the signalling system rather than whole-life 

management of the entire railway system.  Subsequently, the processes developed on individual projects may 

simply be filed under 'lessons learnt' at the end of the job! 

3.2 Data ownership and storage 

The traditional means of controlling infrastructure data information has been via records that each depict a defined 

area.  This is usually in 2D.  This information is governed by a local Asset Manager and the records maintained by 

a records group. Increasingly, signalling system technologies are moving from having physical assets on the track, 

such as signals and driver signage, to providing the driver information regarding their movement authority via a 

human machine interface in cab, and/or utilise automatic train operation.  This will lead to traditional means of 

recording the layout information on 2D scheme plans, location area plans and signal sighting forms becoming 

outdated due to the need for data to be modelled in order to provide the track skeleton or track map of the signalling 

system. 

If we accept that the trend is to a more data dependant railway system then we must address how data is; defined, 

generated, recorded, validated, managed, controlled, distributed, updated, secured, and issued to signalling 

system suppliers. 

3.3 Data maintenance and change control  

In general maintenance of railway assets is divided into asset groups and physical works are conducted by different 

skilled workers under an umbrella maintenance regime.  When maintenance is conducted assets may be physically 

repositioned within defined tolerances.  However, the new position of assets may not be recorded on the existing 

records, because they move within tolerance, and as such the data in the signalling system may not be wholly 

accurate.  Additionally, the next time a project or maintainer obtains data from records it may not be a true reflection 

of what is on the ground which will lead to concerns about data validity once anomalies are identified.  This is often 

during system testing which results in preventable costly data updates. 

The necessity for accurate and reliable data throughout the whole life of a railway system will require change in 

the following areas: 

• The development of new techniques/processes/culture 

• Defined set of requirements that allows the updated information to be fed back and recorded 

• Data base not just traditional records 

• Means of enabling efficient capture and download of information following updates, 

• Validation that support Safety Integrity Level (SIL) level 4 systems  

4 SOLUTIONS 

4.1 Data not drawings 

In traditional signalling projects, the same piece of information is repeated many times across multiple drawings.  
For example, the location of a signal can appear on any or all of the following drawings, often in subtly different 
ways: final scheme plans, stage work plans, location area plans, sighting forms, control centre display screen 
layout, ETCS configuration data, civils drawings for signal post/cantilever/gantry, track designs, electrification 
designs.  In the days of hand drawn engineering drawings, and the early computer aided design (CAD) tools that 
mimicked them, this was hard to avoid.  With modern CAD, an item of information can be represented once in a 
central database and fed into multiple drawings. This same database can also be used as the source of 
configuration data for signalling equipment as illustrated in Figure 1. 
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Figure 1. Drawing and data based design approaches

This data based approach has many advantages over a traditional drawing based approach including: 

• It facilitates central ownership of information as this information is held in a single central store rather than 
distributed across many drawings. 

• The scope for errors, omissions and uncertainties is greatly reduced as there is a ‘single source of truth’ 
for information. 

• Significant cost savings are possible as information does not need to be copied from one location to 
another. 

• Change control is more straightforward, facilitating long-term maintenance of data records. 

• Items of information can be related to one another providing a further safe guard against error. For 
example, signalling routes can be related to signals such that it is impossible to define a route starting at 
a non-existent signal. 

4.2 3D coordinates with known tolerances 

One particular type of information, frequently encountered and of vital importance to modern signalling 
technologies, is the location of assets. With traditional colour light signalling systems, this was needed for siting / 
sighting purposes and calculating braking distances, but with significant margin for error. With modern signalling 
technologies, such as ETCS, the stakes are much higher.  Errors of just a few metres in asset position could result 
in trains overrunning their movement authorities, stopping in the wrong place or applying emergency brakes when 
they find the signalling system’s map of the world does not tally with physical reality. 

To be meaningful any location must be specified in terms of a coordinate system.  There are many coordinate 
systems that could be used, however not all lend themselves equally well to the task of representing asset locations 
in an unambiguous and useful manner. 

Traditionally, the location of signalling assets is defined in terms of a distance from a datum.  Whilst this is logical 
in that it aligns easily with train odometry and braking, it does have major drawbacks.  

The first drawback is cumulative error.  The further away the asset is from the datum the greater its uncertainty 
window.  This means that two relatively good survey methodologies, with an accuracy of ±1%, could legitimately 
record two adjacent assets as being 200m apart when measuring over 10km from a datum.  This is illustrated in 
Figure 2 and presents a major obstacle to collating data from multiple surveys.  The problem is further compounded 
where the direction of measurement is changed; for example, measuring from one signal to the next then 
measuring back from the latter signal to determine location relative to the former. 
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Figure 2: Survey tolerance issues

The second drawback is that the track itself is continuously changing as a result of maintenance and renewals 
activities as well as planned changes to the infrastructure.  Consequently, the actual distance along the track 
between two assets can diverge from the measured distance over time.  Without re-surveying, it may not be 
immediately obvious that this change has occurred. 

3D geographical coordinate systems overcome this problem by assigning a unique, unambiguous coordinate to 
each point on the Earth’s surface.  This point is defined in terms of latitude, longitude and elevation relative to a 
mathematical model of the Earth’s surface, such as the WGS84 model used by Global Positioning System (GPS) 
coordinates.  However, such geographical coordinates do not lend themselves to simple. distance measurements 
between assets.  This is because their axes are non-linear, reflecting the curvature of the Earth’s surface, making 
distance calculations extremely complex. 

To facilitate distance calculations, 3D coordinates are often projected onto a survey grid with orthogonal axes as 
illustrated in Figure 3.  This enables distances between points to be calculated simply using the Pythagorean 
Theorem (distance = √(x2 + y 2 + z2) ) though at the expense of distortion.  To minimise distortion, survey grids 
must be optimised for the specific area over which they are to be used.  This presents a challenge for long and 
narrow worksites, such as railway lines, that cannot be tied to a specific local area.  One solution is to use multiple 
grids with special arrangements at the fringes. 

Figure 3: Survey cordinate projections

A more pragmatic solution is to use a SnakeGrid4. A SnakeGrid is a coordinate system, with orthogonal axes, 
optimised to long, sinuous sites such as railway lines.  The grid is optimised so that distortion is minimised for 
points immediately adjacent to the railway line rather than an equally across a circular area. 

As well as defining a surveyed asset’s location, it is important to define how precisely that location is known.  As 
no measurement is perfect, an asset’s surveyed position always has an uncertainty window of ± x m either side of 
it.  This uncertainty must be taken into account by the signalling system itself (for example by the ETCS 
Q_LOCACC) and in any measurements to / from surveyed assets. 

A similar issue is encountered for designed assets.  In the case of a designed asset, there is no uncertainty window 
as the location is an intended location rather than a measured location.  However, it is still desirable to specify a 
window either side of the designed location to facilitate installation and maintenance.  This window forms the design 
tolerances – the acceptable range of locations in which an asset can be installed.  For installers, design tolerances 
specify the range of acceptable locations in which the asset can be installed without invalidating the design.  For 
maintainers, design tolerances define the positional window within which asset location must be maintained; if, at 
any stage during maintenance, the asset is found to be outside the tolerance window then it must be re-located to 
a position within that window. 
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4.3 Verification and validation 

The traditional method of verification and validation of control and signalling design on new build, upgrades and 
enhancement works involves detailed checking of compliance to requirements and standards throughout the 
design process and during testing at the generic and application levels both in the factory and on the railway 
system.  As previously described data sources are often not up to date or suspicions of inconsistency may exist 
both of which result in the requirement to re-correlate the validity of data.  The responsibility for the validity of 
source data to be used in the design process is that of the client who may ‘share’ this with the supplier contracted 
to undertake the signalling works which can lead to further uncertainty. 

Ensuring the validity of the source data can be an onerous task if the data source cannot be guaranteed as up to 
date.  During the life of an existing system there are legitimate reasons for relocating assets during maintenance 
which under conventional signalling design may not impact on the system.  However, if the data source is not 
updated following such maintenance activities then accuracy cannot be guaranteed. 

The use of BIM as a tool for controlling data does not remove the necessity for updating as-built or maintenance 
changes but it does provide a common repository which if kept updated can be treated as a trusted source.  
Additionally, the responsibility for ensuring the BIM data is current resides in the role of the BIM Manager who will 
ensure that as-built or maintenance changes are incorporated in the BIM. 

4.4 Application variants 

The requirement for validated data that forms a trusted design input applies to all control, signalling and traffic 
management systems, as previously described.  Many of the required data attributes will be common across the 
different system types and products available in the global market place.  

From the BIM perspective, the data may only be captured if the requirement for it has been specified from the 
outset or, fortunately, it is present because it was specified for another sub-system.  

Rather than produce specific requirements for every project that uses BIM in the future it would be beneficial to all 
clients, project teams and suppliers if a common set of BIM data specifications for control, signalling and traffic 
management systems existed.  Given that suppliers’ products tend to be marketed globally the production of 
universal BIM data specifications would be a logical next step.  

4.5 Whole-life data management using BIM 

The data management challenges described herein are not unique to railway signalling.  There are many lessons 
that can be learnt from how they have been dealt with by other industries, notably construction.  Many of these 
lessons are encapsulated in the BIM standards, processes and procedures developed by other industries.  There 
is therefore an opportunity to improve the delivery and maintenance of signalling systems, particularly those with 
significant data management challenges, through the application of BIM.  

By enforcing a disciplined, whole-life approach to data management, BIM can help owners of signalling systems 
reduce costs and reduce risk.  Savings will come from the avoidance of re-surveying activities at successive project 
stages, reduced re-work due to errors or lack of confidence in data and less time spent transferring data between 
different documents / drawings.  By promoting a common data environment (CDE) across disciplines, BIM also 
facilitates the integration of signalling work with civils, track, electrification and plant activities.  Furthermore, the 
process driven approach to data that BIM entails can form a key part of safety justifications to demonstrate fitness 
for purpose of data is suitable for use by signalling functions with a SIL requirement.  

A whole life approach to data management using BIM for a signalling system would include the following stages: 

• Identify need. A BIM system is established as part of early stage project work to include the needs the 
project is required to satisfy. 

• Plan. The types of signalling system technologies to be used are identified in the planning stage and 
their configuration data needs assessed. 

• Design. The data requirements for signalling and control technologies are identified and included in BIM 
Employer’s Information Requirements (EIR). These EIR include specification of the items of data required 
as well as requirements on their format, accuracy and quality assurance. They will be used to specify 
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data requirements from surveyors of existing infrastructure, designers of new infrastructure and 
installers/testers of as-built infrastructure. 

• Procure & build.  Data is procured alongside hardware and software as part of the construction phase. 
Typically, there are multiple suppliers of data, each required to conform to EIR and demonstrate that they 
have a robust BIM Execution Plan (BEP) to meet these requirements.  The data supplied is captured in 
a common Project Information Model (PIM), using a common 3D coordinate system in the case of spatial 
data, which is maintained throughout the project lifecycle. Outputs from this PIM are issued to technology 
suppliers as warranted data for use in configuring their products. 

• Test & commission. As-built positions are verified to check they are within design tolerances and 
signalling systems tested to confirm that they have been configured correctly; remedial action is taken 
where necessary.  The PIM is updated to as-built data.  The safety case for commissioning the signalling 
system includes reference to the BIM management of data as evidence that it is fit for use in functions 
with SIL requirements. 

• Operate & maintain. A subset of the PIM is used to create an Asset Information Model (AIM), containing 
the asset information that must be maintained through the life of the signalling system.  At this stage 
processes are instigated to ensure that the AIM is kept up to date, typically through a combination of 
planned re-survey and business processes to trigger updates to the AIM when the infrastructure if reflects 
is changed. 

• Performance Manage. Post commissioning, the performance of the signalling system is monitored and 
opportunities to improve it identified.  Where these changes impact data in the AIM, it is upgraded 
according and new set of warranted data issued to suppliers to reflect the new state.  

• Modify or upgrade. Any changes to infrastructure represented by the AIM trigger an update to the AIM 
in line with the change. 

5 OPPORTUNITIES  

As we look to innovate and seek new efficient means of safely operating modern railways, the way in which we 

design and construct them has to change to allow for the introduction of these new signalling systems.  With the 

increase in automation the reliance on the accuracy of the data which these systems use to operate is crucial. 

In order to create an efficient system, you first need to establish the parameters to which that system must adhere.  

There are interoperability standards that govern the application of ETCS, CBTC & TM.  There are also existing 

standards local to individual countries signalling systems.  An element that is critical to the integrity of these 

signalling systems is accurate data for the infrastructure which they are operating.  

The information gathered during the design, construction and testing phases of projects and maintenance, when 

collated in a BIM model, can be used to seek long term cost savings, by providing accurate information that can 

be passed on to the operators of the railway for managing infrastructure assets post completion.  This will require 

processes to manage the information throughout the life cycle of the infrastructure. 

Therefore, the key opportunities are: 

• Develop a suite of global signalling system specifications for BIM 

• Develop specific data output formats, by system product type, that suppliers can rely on receiving 

• Adopt a whole-life approach to the use of BIM  

• Adapt design, maintenance and V&V processes to incorporate the use of BIM as the data repository 

6 CONCLUSION 

If we reflect on the journey the railway has taken to get to the point we are at today, it has been one that has seen 
constant development throughout its history.  The technologies of the day helping to improve all aspects.  Along 
this journey the demand has risen for ever increasing levels of data to enable designers to make improvements in 
safety and operational performance.  To achieve these improvements changes have been accepted and new 
approaches adopted.
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This paper has sought to propose that the use of BIM as a tool for data management vital to signalling system 

design, operation and maintenance is a viable prospect that should be adopted. 

The Authors see BIM as having a major role in the delivery, operation and maintenance of signalling systems 

which, if specified correctly, would reduce costs through a reduction in the initial price of products and the removal 

of preventable re-work during the life of the system. 
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INFRASTRUCTURE HEALTH: A NEW APPROACH AND A 
REAL-TIME NETWORK VIEW 

Michael Thiel, CEO, Frauscher Sensor Technology 

Peter Bradley, Director FTS Strategy, Frauscher Sensor Technology 

SUMMARY 

Being aware of increased interest in solutions based on Distributed Acoustic Sensing (DAS), Frauscher Sensor 
Technology has developed a multi-functional single sensing system called Frauscher Tracking Solutions FTS. In 
numerous pilot installations all over the globe, FTS have confirmed the capability to provide train tracking, broken 
rail, flat wheel, rock fall and personnel detection data based on specifically developed algorithms. Using only one 
single core of a fibre, FTS have current capabilities – and future ones in development – that can and will provide 
a real-time, multi output infrastructure health status to the operator. This allows the development and realisation 
of comprehensive rail maintenance strategies. 

1 INTRODUCTION 

Monitoring of train and infrastructure components is a fundamental task for all railway operators. In most cases, 
highly specialised systems provide data from fixed points of surveillance to evaluate the health of rails as well as 
track or train components and to secure the infrastructure. Therefore, infrastructure maintenance also represents 
the highest annual operational cost which all operators are looking to reduce. Furthermore, they want to heighten 
safety, increase availability and manage an ever-growing ridership. Asset condition monitoring strategies based 
on prevention and prediction are being developed to provide a clear view of the health of the infrastructure and 
the knowledge as to when specific components should be repaired and replaced. By introducing Distributed 
Acoustic Sensing (DAS) to the railway industry, this system provides new appropriate possibilities within the area 
of asset condition monitoring, but also for train tracking and security applications. 

2 HOW DISTRIBUTED ACOUSTIC SENSING WORKS 

DAS technology is based on a physical effect called Rayleigh scatter which explains why we see the sky as blue 
or the reddening of the setting sun, as tiny particles in the atmosphere scatter the sun’s rays. Shorter (blue) 
wavelengths are scattered more strongly than longer (red) wavelengths. This results in the indirect blue light 
coming from all regions of the sky. When the sun rises or sets near the horizon, the reddening of the sun is 
intensified because the light being received from it must pass through more of the atmosphere. This effect is 
further increased because the sunlight must pass through a greater proportion of the atmosphere near the 
earth’s surface, where it is denser. This removes a significant proportion of the shorter wavelength (blue) and 
medium wavelength (green) light from the direct path to the observer. The remaining unscattered light is mostly 
of longer wavelengths and appears redder. 

This phenomenon of scattered light also takes place within the tiny changes of refractive index within a glass 
fibre. When a laser light pulse is sent into a glass fibre, millions of minor changes in the fibre scatter a small 
portion of the light pulse back towards the laser emission site. These reflection sites are called “scatter sites” and 
the reflected component of the scattered light is called “backscatter”. DAS uses this effect by sending a laser 
pulse down the fibre strand. On its way through the fibre, minute portions of the pulse are scattered by the many 
scatter sites. A component of each of these scatters is reflected to the source as backscatter, which is then 
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detected. At the opposite end of the fibre the laser pulse is absorbed by a termination unit, preventing a large 
reflection back to the detector.  

Sound waves and vibrations affecting a point along the fibre cause small changes in the light reflected from that 
point. This changes the backscatter that reaches the source from the affected point along the fibre. This change 
is then evaluated, transforming a fibre optic cable into a continuous sensor that works like a string of virtual 
microphones. As the light pulse and backscatter is travelling at the speed of light, changes detected in the 
backscatter caused by various sound sources can be translated into acoustic signatures. By developing 
appropriate algorithms it is possible to connect these signatures to specific events. Using this method it is 
possible to detect people walking, trains moving, changes in asset’s condition, and more, as all of these create 
certain amounts and patterns of acoustic energy. 

2.1 Simple and quick installation 

A DAS based system needs access to just a single core, requiring no other trackside equipment or cabling. Any 
single-mode fibre can quickly be turned into a series of listening devices with minimal fibre work at both ends of 
the monitored fibre section. As on many railroads, a multicore single-mode fibre optic cable is already installed as 
part of the communication network, installation can be done simply and quick on that existing infrastructure. 

2.2 Challenges to overcome 

Several pilot and test installations around the world in different rail sectors (main line, light rail, metro and freight 
lines) were carried out in close cooperation with innovative operators to gain experience regarding specific 
applications and requirements. Following this path, it was possible to evaluate both, the opportunities as well as 
the limits of DAS-based applications in detail. Just like any other sensing technology, DAS has a specific set of 
challenges to overcome. In its current form, it does not robustly identify which track a train is travelling on along a 
multi-track line. While the cable senses all the trains and their movements on all the tracks, it still requires a 
secondary input to corroborate which track the acoustic signature is associated with. 

3 FRAUSCHER TRACKING SOLUTIONS FTS 

Frauscher has started a comprehensive research and development programme to further develop the use of 
DAS in the railway industry. This programme comprises various concepts, which include enhancing the DAS 
system by testing specific cables, investigating on optimum hardware variants to be applied on railways, 
developing specific algorithms and by providing a rail-specific human/machine interface (HMI) that displays data 
in a proper way and enables appropriate reactions to tracked events. As it is the objective to track single trains 
which are continuously moving and stopping over long distances, logical functionalities have to be implemented 
as well. A second and parallel concept study includes the integration of DAS with axle counter [1] and wheel 
detection [2] information or even to combine axle counters with DAS systems. These ideas will compensate for 
the limitations mentioned above. 

The result of this process so far is a set of railroad specific DAS solutions, called Frauscher Tracking Solutions 
FTS. When used as a stand-alone train tracking solution, FTS provides real-time information of a train’s position, 
speed, acceleration, direction, length, and more. By combining the inductive sensor and DAS technology, FTS 
are able to offer the railway industry numerous new possibilities for data generation. Implementing data from the 
operator's other systems can improve the quality of the information even further, but also places special 
demands on interfaces and data formats.  
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3.1 Functionality and capabilities 

Every second, the latest version of FTS emits 2,500 pulses, providing an overall spatial resolution of 10 metres. 
One unit can cover up to 40 kilometres of fibre in two directions, yielding a total range of 80 kilometres per unit. 
Various signatures of people on the track or travelling trains can be classified within this range. Using now 
available hardware, persons and comparable acoustic sources can be detected within a radius of 5 metres from 
the fibre optic cable, whilst trains with a considerably higher acoustic energy level can even be detected at a 
distance of approximately 50 metres. These values are influenced by various factors, including the condition and 
quality of the cable, the type and site of routing and various surrounding sounds, but based on experiences 
gathered in various field tests so far, these numbers can be seen as an average to optimise future installations 

3.2 Cable quality and condition  

In the first place, every standard fibre optic cable can be used by DAS-based systems. However, as the cable 
itself becomes the sensor, various components of the cable, which have to be passed by the signal to be 
detected, and its individual properties can have positive as well as negative impacts on the sensitivity. These 
include the sheath, which can be of varying thickness and condition as well as aramid yarns made of Kevlar 
which are used to fill the “gaps” and provide protection. The loose tube that contains the coated fibres is mostly 
filled with either gel or tight buffer. The type of gel might affect the sensitivity. Other layers, such as a water 
blocking compound or the fibre coating itself are not expected to have an impact on the same. Also the effect on 
a cable’s sensitivity from the central dielectric strength member, which runs through the core, is negligible.  

Analysing the single parts of a fibre optic cable illustrates that there are many possibilities to optimise the cable in 
order to gather high quality data when realising specific applications using DAS. Therefore, it can be said that a 
purpose laid fibre may typically be able to outperform a spare telecom fibre – but the latter can be used for some 
application as well. 

3.3 Type and site of routing  

Until now, ideal results were obtained with cables laid in a concrete cable tray or directly into the ground, running 
approximately three to five metres away from the track. Other methods, such as attaching the cable directly to 
the foot of the rail or to attachments near the track, might make it easier to detect certain acoustic sources. 
However, they prevent the parallel detection of other influences.  

3.4 Surrounding sounds  

Since the FTS detects and classifies different incidents through its acoustic signatures, all acoustic sources in the 
vicinity of the track must be taken into consideration. All of these influences combined can lead to overlaying, 
which in turn must be considered in the evaluation. Corresponding filters can, for example, mask firmly located 
and routinely detected acoustic sources. Depending on the intensity of the acoustic emission, the distance of the 
acoustic source to the glass fibre also plays a role. This interaction can also cause weaker signatures, for 
example from steps, to be overlaid by stronger distinct signals, like a train.   

4 TRAIN TRACKING 

FTS make it possible for all trains within a monitored track section to be located in real-time. In non-safety-
relevant areas, they can also be used as a stand-alone solution, i.e. without integrating an axle counter or wheel 
detection system. Since no specific equipment has to be fitted to the vehicles, their design and origin are 
insignificant.  
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The information obtained provides considerable benefits for traffic management. In remote areas, this technology 
can provide a cost effective and efficient solution to controlling systems. Integrating an axle counter, for instance 
the Frauscher Advanced Counter FAdC, makes it possible for the DAS-based real time tracking of trains to be 
combined with safety-relevant applications up to Safety Integrity Level 4 (SIL 4). Associated interfaces enable 
level crossings to be controlled with even greater precision. Inputs from both systems can be combined in the 
Traffic Management System (TMS) in order to calculate accurate times of arrival, supply platform displays or to 
precisely coordinate and compose platform announcements.  

A standard acoustic waterfall diagram can be seen in Figure 1. Time is represented on the y-axis with current 
time at the top and earlier time below. Distance from the FTS equipment is represented along the x-axis. Thus 
critical information about the train can be determined such as its length, speed, direction, and location. The 
thickness of the line indicates the length of the train. The acoustic energy and detectable signatures of the trains 
are clearly seen by considering the colours – red means higher acoustic intensity, whereas yellow areas are 
created by lower intensity. This might give an indication whether a freight- or a high speed train is passing by.  

Figure 1: Acoustic waterfall of five trains tracked over 40 kilometres 

5 DETECTING PEOPLE AND ACTIVITIES FOR INCREASED SECURITY 

The oil and gas industry successfully uses DAS for a range of safety applications. Adapting the corresponding 
algorithms for the railway sector was therefore one of the first steps to be taken when developing the FTS. This 
enables people and animals on or in the vicinity of the track to now be detected. It also allows various safety 
applications to be implemented, such as the detection of activities associated with vandalism or cable theft.  

Passing on data and linking it with additional information further increases the potential of the applications. This 
means that interfaces to safety equipment can be used to provide alarm messages by email or SMS. Work crews 
can be accurately located and provided with information, for instance about approaching trains, via a direct 
connection on mobile devices. Even drones can be supplied with data which is then used to directly fly to a 
section to be controlled.  
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6 PROVEN CAPABILITIES FOR ASSET CONDITION MONITORING 

Whilst conducting tests to further develop the capabilities of FTS for train tracking and security applications, a 
range of options to use this new solution for asset condition monitoring were also identified. When combined with 
proven wheel detection systems, DAS is able to be applied comprehensively to a double track line. 

6.1 Broken rail 

Currently, track circuits provide the most commonly used method for detecting some, but not all – namely 20% to 
a maximum of 60% – broken rails within a specific block section. However, it is not possible to accurately locate 
the broken rail within that block section. Using FTS it is possible to detect broken rails under a passing train 
anywhere along a monitored track economically, with an accuracy of up to 10 metres. 

An algorithm for broken rail detection has been developed based on samples gathered over more than two years 
of testing at the TTCI test centre in Colorado, USA [3]. Detection and classification of a broken rail is possible in 
real-time and the operator is made aware of the broken rail immediately. Every successive train wheelset that 
passes over the broken rail reinforces the classification and alert to the operator. 

From the library of broken rail signature recordings captured from TTCI, 61% of the broken rail signatures could 
be detected and alarmed with the current algorithm. The cable in this installation was typically direct buried at a 
distance within 5 metres of the track. Now, the focus is on increasing the probability of detection. It must be 
considered that due to various installation methods, the distance between cable and track can vary. Further 
developments will focus on various installations where different types of trains are travelling with various speeds. 

6.2 Flat wheel 

Alongside broken rail detection, a similar process was applied to the capability to detect flat wheels. Under 
development is the ability to grade and track the severity of flat wheels as they develop from a minor to a more 
hazardous defect. 

Currently, flat wheel detection systems are used at discrete fixed locations to detect flat wheels. FTS has the 
capability to identify flat wheels along the entire length of the sensing fibre. In the future it will classify their 
severity across the whole network.  

6.3 Rock fall 

In some regions, rocks falling on tracks create significant risks to railroad operations. As rocks landing onto the 
track generate a certain degree of acoustic energy, it became clear at an early stage of development that FTS 
can detect this kind of environmental influence. As with other applications, it can localise the event to the closest 
10 meter section of fibre significantly reducing the downtime associated with finding the source by ground staff. 
Recognizing such an event enables railroad operators to warn trains, improving safety and traffic management. 
Radio transmission even allows appropriate information to be sent directly to the train engineer.  

A comprehensive archive of acoustic signatures from rock falls has been collected from tests carried out with a 
railroad operator in Europe. After being evaluated and systemized, the data can now be re-implemented to the 
detection system to allow further development of accurate classification and localization of rock falls. By 
conducting fine adjustments, even the moving paths of rolling rocks are detectable.  
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6.4 Catenary flash over 

Catenary flash overs can in some cases damage the overhead line. The ability to detect and accurately localise 
such events allows to control and, if necessary, repair appropriate infrastructure components whilst maintaining 
railway operations.  

In close cooperation with a railway operator, Frauscher has realised a range of tests to investigate on the ability 
of FTS to detect catenary flash over. In the results it was clearly seen that the system was able to detect a 
majority of all artificially made flash overs. Additionally it enabled a localisation of these. These results will now 
be tested in a second series of tests to explore the ability of FTS to lokalise flash overs of various intensity. [4] 

7 OUTLOOK ON FUTURE POSSIBILITIES 

Advancements in coherent laser technology, signal processing, and dynamic management of big data, combined 
with fibre cable manufacturing provide the opportunity for FTS to revolutionize the way trains are tracked, long 
linear assets are managed, monitored, and maintained as well as how safety and security on tracks are 
increased.  

7.1 Future potential to prevent and predict 

Ongoing development work with rail operators has demonstrated the potential to provide a network dynamic view 
and situational awareness of the ongoing health of the rail, rail fixing, track bed and ballast. The asset condition 
monitoring data generated by FTS can support the development of smart maintenance strategies based on 
prevention and prediction. Thereby, FTS contributes to reduce the overall cost of running expensive maintenance 
assets whilst at the same time improving the ability of an operator to increase operational service. 

To raise the potential of these detections to a level where preventive and predictive maintenance strategies can 
be developed, railway operators and their maintenance teams must work very closely with this technology. Only 
then is it possible to analyse acoustic signatures and their sources in detail. As an example, imagine the example 
below of the process used to monitor the degradation of a track joint: 

First, the acoustic signature generated by a trains’ wheelset traversing a track joint has to be captured. The 
maintenance crew will then have to inspect, photograph, and classify the joint. Once the acoustic signature of a 
“good joint” is captured, this becomes the baseline for subsequent “pattern analysis”. For each train and wheelset 
traversing the track joint, the acoustic signature will be compared with the ground truth baseline signal from a 
“good track joint”. As the track joint wears, the acoustic signature changes. The maintenance crew will inspect, 
photograph, and confirm the state of the degraded track joint.  

The changed acoustic signature is then mapped to the degraded joint. Over time a picture of how the joint 
degrades is captured. This leads to the development of an algorithm that detects the various stages of track joint 
degradation, thereby alerting the operator and the maintenance team when required. 

The goal of this process is to provide the operator and maintenance crew with a set of “Track Joint Severity State 
Alerts”. Following the detection of joint wear, the next stage is to work with the maintenance team to develop a 
prediction capability. This will provide insight as to how each joint wears and aid in the development of both 
prediction and prevention strategies. 

7.2 Possibilities of continuous train localization  

The fundamental needs for train detection systems are: Proof of train presence for controls, updating train 
positions for network management, and customer information purposes. The existing technologies for track-
based train detection are track circuits and axle counters. These systems provide a fail-safe occupancy status of 
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each defined track section. However, the exact position within the section is not known. Nor is a continuously 
updated train position possible. 

Therefore, complex solutions have been developed for continuous train detection. These alternative systems are 
train and communication based, using various technologies for localization of the trains. These categories of 
systems require a continuous or quasi-continuous data link between track and train. In Europe, coded track 
circuits, cable loops (LZB system), and radio transmission (CBTC or ETCS 2/3) are the communication methods 
used. 

In addition, an extensive trackside infrastructure is required to support all these train borne devices with data 
transmission and to allow communication between dispatchers and drivers. One thing that all of these 
technologies have in common is that they require expensive and complex systems to track them continuously 
and transmit this information to the operator. They also require continual annual investment in multi-system 
training and spare parts availability.   

A new approach with FTS will be the only track-based technology that permits permanent train location without 
any technology fitted to the rolling stock. This means it does not matter which trains are moving in the network or 
whether they have the right onboard equipment. This reduces the amount of trackside and on-train equipment 
significantly, simplifying traffic management and interoperability. With further efforts, continuous train detection 
via one single track side solution could be made available, providing the required quality, reliability, and safety. 
These capabilities and the massive reduction of complexity and costs will push forward the existing 
requirements, opening up exciting new ideas and concepts for train control and traffic management.  

8 CONCLUSION 

Systems based on Distributed Acoustic Sensing (DAS), such as the Frauscher Tracking Solutions FTS, have the 
potential to revolutionise the way trains are tracked, components are monitored and infrastructure is secured. By 
detecting events based on their acoustic signature it is possible to localise and categorise various activities such 
as trains moving or people walking. Furthermore, asset defects, such as broken rails or flat wheels can be 
detected. Without requiring any additional equipment on trains, DAS based solutions can provide valuable 
information for various railway applications. FTS combine this technological approach with proven wheel 
detection systems and axle counters. This further increases data quality and allows FTS to be used in safety 
relevant areas. By ongoing development and close cooperation with operators and system integrators all over 
the globe they will also support the elaboration of sustainable maintenance strategies based on information to 
prevent and predict damages of infrastructure components. 
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CONDITIONING FOR THE FUTURE 
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SUMMARY
This paper discusses the benefit of adopting a condition based maintenance regime for railway signalling. A 
worked example of a condition based maintenance regime applied to Northern Ireland Railways is presented, 
together with projected costs. The intrinsic value of maintenance is explained together with recommendations for 
change management within signalling maintenance. This paper highlights current maintenance practices, and 
demonstrates how new technology can enhance the business effectiveness of signal maintenance, if 
maintenance strategies are modified to take them into account. We provide a case study for Northern Ireland 
Railways which quantifies the potential savings along with a discussion of managing the required changes to 
maintenance practices. 

1 INTRODUCTION 
Railway infrastructure management plays a key role in meeting the business needs of railways. Effective 
infrastructure management requires balancing the market expectation of a low cost, quality service with the 
responsibility of ensuring public safety. This challenge sets the context for maintenance management.  

Railways compete with other modes of transportation and customer expectations increase with time. As such, 
infrastructure managers must innovate in order to make better use of their limited resources and provide 
improved services without compromising safety requirements. Various approaches have been taken. 
Maintenance work and renewals continue to account for a significant proportion of overall expenditure, and as 
such, many railway companies are investigating reliability-based and risk-informed approaches, with the aim of 
reducing operational expenditure while maintaining high standards of safety. (M. Macci, et al, 2012) 

Innovation in the context of railway infrastructure is not easy. Railway infrastructure is characterized by the use of 
a wide range of equipment with extensive co-dependencies, typically on a large geographical scale. Items of 
equipment often have varying technological properties (i.e. they have been manufactured at different times and 
by different producers, using differing technologies) and they are subject to a range of differing operating 
conditions, according to their operating environment and usage. When viewed as a whole, railway infrastructure 
is a highly complex system. This complexity presents a significant challenge. 

Figure 1 below shows the efficiency gap in renewal and maintenance costs across European infrastructure when 
compared to Network Rail. The variations are in part due to reasons such as age, complexity, tonnage, regional 
labour costs including procurement, and density of rail services. Network Rail is slowly closing this gap by 
introducing numerous innovative solutions, although change does not come easily within the railway industry. In 
addition to the technical complexity, railways tend to be large organisations with many stakeholders, all of whom 
must be satisfied that any risks associated or arising from change are mitigated effectively.  
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Figure 1: International benchmarking on infrastructure maintenance and renewal costs (ORR, 2010) 

Consequently, railways have been relatively slower in comparison to other industries (e.g. aerospace, defence, 
retail etc.) to adopt new technologies and techniques (figure 2). Although contemporary technologies have been 
applied in many new signalling systems, with the aim of improving safety, capacity and overall performance; the 
use of contemporary technologies and methods in infrastructure maintenance has lagged behind. Infrastructure 
maintenance, particularly signalling maintenance, has used the same maintenance techniques and strategies for 
over 30 years, with few exceptions. Recently, we have seen railways begin to invest in new technological tools 
which can assist in predicting, and therefore preventing signalling failures; but we argue that possession of the 
tools alone is not sufficient. In order to realise their full potential, maintenance strategies should be changed 
accordingly. 

Figure 2: Comparative innovation index (ORR & DFT, 2011)
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2 THE VALUE OF MAINTENANCE 
For many organisations, maintenance is viewed mostly in terms of expenditure. A necessary evil. As such their 
focus in on reducing maintenance costs via efficiencies, for example, reducing head count, adopting lean 
principles (or similar), purchasing more reliable equipment, and so on. Often left unidentified is the hidden value 
of maintenance. We argue that maintenance completed in the right way, at the right time, increases the value of 
assets. Generally, a well maintained asset has a higher level of performance and an extended lifecycle. These 
characteristics have a business dollar-value. This intrinsic value is not revealed by a cost-centric model, and as 
such, this model can lead to sub-optimal maintenance strategies Marais and Saleh, (2009) identified the hidden 
value of applying the correct maintenance strategy to critical assets, leading to enhanced performance. In the 
study they noted that a perfect maintenance strategy increased the value of the asset upwards of five times the 
value of the asset had it not been maintained, over a ten year period (figure 3) 

Figure 3: Value of perfect corrective maintenance (Marais & Saleh p.653, 2009) 

In addition to the performance related value of an asset, its remaining useful life also has a value, and this is 
enhanced by a suitable maintenance policy, as illustrated below. 
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Figure 4: maintenance strategies and benefits (The-PMPdm-Program-124, 2017)

3  MAINTENANCE STRATEGIES 
As railway maintenance practices have evolved over the years, several types of strategy have been applied. 

Run to failure: No actions are taken to prevent assets from failing during their operational life. The only time an 
intervention occurs is when the equipment fails. This strategy is normally applied to equipment which will have no 
effect on safety or operations, can be easily replaced, or where equipment redundancy mitigates the impact of a 
failure.  

Preventive Maintenance: Preventative actions are taken during the operational life of assets, to reduce the 
likelihood of failure. Typical activities include systematic inspections based upon time or frequency of operations. 
The aim is to ensure corrective actions are taken to prevent degradation or failure, where defects are detected or 
where they are likely to occur. The actions can include adjustment, lubrication, securing or replacing of 
equipment outside its optimum operating conditions. It requires a visual inspection of the asset, along with 
measurements and tests and can be intrusive to normal signalling operations. The benefit of the intervention is 
often difficult to measure, especially when there are no indications defects will be found. Typically, inspection 
frequencies are high to ensure safety critical equipment is operating correctly. 

Predictive Maintenance or Condition Based Maintenance: Maintenance activities are carried out when the 
performance of equipment degrades or indications of a defect are present. This strategy requires tools to 
remotely monitor the operating condition of the asset. Process variables monitored may include vibration, 
temperature, electrical current draw, or others, depending on the asset. Maintenance schedules are variable, and 
based on the analysis of process data. The type of required maintenance is often indicated by the data, and the 
timing of an intervention is provided when operational or safety limits have reached a defined level. The benefit 
of the intervention can be measured against the return of performance. This technique can reveal failures not 
detected by other maintenance strategies, aid timely interventions, and can help identify trends in failures. In so 
doing, maintenance costs are reduced and value is added to assets. This strategy, however, requires investment 
in equipment, technology and special training, as well as the application of a suitable change strategy when 
introduced. 

Pro-active maintenance: Using reliability analysis (e.g. Failure modes effect and criticality analysis, fault tree 
analysis etc.) to determine failure risks a-priori, with the intention applying suitable mitigations to prevent failures 
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occurring.  Normally carried out at the design stage as part of the supplier’s assurance procedure, but where a 
significant amount of legacy equipment never having been subject to this process, it may be used to identify 
inherent design problems. This strategy requires a team of experts, detailed design information, measurement & 
testing and time.  

The business value of each strategy varies per asset, but a trend is present. Figure 5, below, indicates the trade-
off between the complexity of the strategy and the value added to the asset maintained. 

Figure 5: Evaluation of maintenance strategies (R.K, Mobley, p.399, 2002)

3.1 Calculating the Value of Maintenance Strategies 

The value of an asset increases with better performance and relative safety, reduction in failure frequency, and 
extended lifespan. Maintenance costs for an asset decrease with reduced inspection time when no fault is 
present, reduced travel time, reduced equipment cost, and reduced disruption and expense arising from 
restorative work. Balancing these factors influences the selection and implementation of maintenance strategies. 

The value of a preventative maintenance strategy is currently estimated and a generic frequency and routine is 
chosen for each asset type, taking into consideration a number of factors: historical application (i.e. what routines 
have worked well in the past), historical failure rate, perceived safety and tolerance of risk, equipment supplier 
recommendations, delays incurred by failures, and historical cost of disruption and maintenance. The frequency 
of maintenance activities is determined in advance, and is typically applied to types or groups of assets, rather 
than individual items. Standards describe which checks, tests and tasks are to be completed at each visit. The 
experience of local signal engineers can supplement the former, as local knowledge and experience will help 
identify additional tasks and frequencies, this is normally gained after failure trends have been observed. 

Within NIR, the current asset maintenance regime requires inspections to be completed quarterly and annually to 
defined standards, the latter being more intrusive. Less critical assets such as signals, AWS, and TPWS can 
have reduced frequencies, but only if they meet certain criteria. Although a comprehensive database of failures 
exists, this is not used to identify a suitable maintenance strategy. However assets subject to routine inspection 
still continue to fail.  

The aim of condition based maintenance techniques is to increase the timeliness of interventions and to reduce 
the expenditure associated with inspections of fault free equipment, thereby adding value and reducing cost, 
respectively. Condition based maintenance requires the use of remote condition monitoring (RCM) tools to 
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provide real-time, or near real-time, diagnostic data which can indicate the presence of a fault, or indicate that a 
fault is developing. This data can additionally be used to determine trends that affect the performance of a 
number of assets together. Condition based maintenance regimes can either augment or replace preventative 
maintenance regimes on a sliding scale, according to the type of asset under consideration. 

Diagnostic data can be provided in several forms. In the railway industry, the most common types of RCM data 
are physical variables, recognised by all engineers, e.g. current, voltage, torque etc. However, it is in many cases 
possible to provide more abstract, higher level data, e.g. motor over-speed, suspected valve blockage etc. if that 
is desired. 

Venkatasubramanian (Venkatasubramanian, 2003) identified three approaches to generating diagnostic data 
and fault detection. He also provides examples of their usage in industry. Quantitative model based methods use 
an explicit mathematical model of an asset (often derived from first principles) to predict its performance or 
operating parameters, where no fault is present. Where the prediction deviates from observation (e.g. a higher 
electrical current is observed than would be expected in a fault free condition), then it may be inferred that a fault 
is the cause. Qualitative model based methods are similar in that they predict performance and compare the 
prediction to observations, but here the models used are not strictly numerical or analytical, rather they 
summarize qualitative changes. For example, a qualitative model may relate a valve opening to increased flow 
rate. Finally, process history based methods utilise historical data to infer expected performance or to recognise 
fault conditions. Typically, statistical techniques are leveraged (e.g. principle component analysis, fitting 
probability distributions etc.). More recently, machine learning tools have been used, both to produce diagnostic 
data and to detect faults. 

The difficulty in producing mathematical simulation models for disparate railway infrastructure assets, which are 
subject to modification and varying operating environments, rules out the use of the first family of techniques in 
many cases. As such, railway RCM systems tend to make much greater use of process history based 
techniques. 

Figure 6 gives an idealised illustration of how diagnostic data can be used to optimise the timing of maintenance 
interventions. The key point is that preventative maintenance regimes require frequent routine inspections, 
because the remaining useful life (RUL) of an asset is unknown. This leads to wasted effort where the asset has 
a large RUL, and furthermore it can lead to failures and shorter asset life, where the RUL falls within the 
inspection cycle. 

Figure 6: Illustration of alert levels (R.Nappi,p.3, 2014)
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4 NORTHERN IRELAND RAILWAYS EXPERIENCE 
NIR signalling have invested in monitoring equipment for nearly 15 years, with various levels of success, due 
mainly to the functionality and reliability of supplied equipment, but trials some 8 years previously identified units 
with proven in-service performance, and the added ability to view data remotely, this removed the additional time 
required to visit sites. Analysing the streams of data, however, required knowledge of signalling principles, in 
tandem with interlocking drawings, particularly when diagnosing faults.  

RCM systems for signalling assets provide near real-time information, which can include both analogue data, e.g. 
current measurements from track relays, point or barrier motors, and digital data from relay contacts. This data 
can be used with the web application to generate alarms, where the data indicates poor asset performance. 
Alarms can be generated based on points swing time, current draw, barrier timings, and relay sequences.  

The functionality of the RCM has evolved and been extended over time. The information from the early units was 
first presented in data list format detailing the time, function and state. Since then, the introduction of mapping 
software enables viewing and replaying data graphically by replicating the signaller’s panel, with appropriate 
animations. Placing tracks, signals and points, along with barrier on maps, is simple and each map can be easily 
changed to display relevant information, such as relay states or allocating colours to certain conditions making it 
easy to identify important information. Examples include mains power failure, barrier failures, or ECR failures. An 
important use-case is to display information relating to unusual events or alarms. Two key benefits are identifying 
degrading assets before they reach a service affecting point, or alternatively reducing the number of “No Fault 
Founds” on manual inspection.  Additionally, the replay function provides reliable data for incidents or accident 
investigation, identifying inherent design failures, or human errors reported as signalling failures.  

The web application also provides simple statistical tools to help analyse data and determine alert thresholds. 
For example, the distribution of points swing time or current draw can be plotted. Reports containing information 
such as crossing sequence timings can also be automatically generated. 

When located within trackside locations (1 mile radius), the units are capable of being linked together in a master 
slave arrangement, this is a cost effective means of capturing data from a number of assets within a local area. 
The units are designed to take up the same space as a shelf mounted relay, simplifying installation. 

Retro-fitting loggers can be achieved with minimum costs and design requirements, they are non-intrusive to the 
normal signalling operation, but are dependent upon available contacts; hence there is an advantage in 
identifying monitoring requirements within capital projects. 

5 CASE STUDY ON THE APPLICATION OF RCM WITHIN NIR 
Most Signal Maintenance technicians within the UK complete time centric routines on signalling assets. The 
nature of the business requires that the majority of these assets are trackside. To ensure the safety of staff 
additional rules regarding working practice are in place. Suitable possession arrangements are required. These 
can include: working between trains (deemed red zone) or various possessions (green zone). There is a large 
amount of administration and planning to ensure the most suitable Safe System of Work (SSOW) is selected. A 
high frequency of train services along with the time required to set up SSOW often mandate that maintainers 
work nights, when services are either stopped or greatly reduced. This brings additional risks to Signal 
technicians (fatigue, slips, trips and falls, degraded standards of maintenance). The process of getting the 
maintainer to the asset is time consuming and inefficient; it often takes longer and costs more than the task of 
maintaining the asset. A generic approach has been applied across all equipment types. They normally require a 
quarterly inspection with a more detailed annual inspection, and they must be within certain timescales, 
otherwise they would be considered “missed” which will require the use of certain additional risk management 
techniques. The main focus is on compliance to the current standards, with little considerations for the additional 
stresses equipment may or may not be placed under.  

Maintenance routines are required to return assets to their optimum performance levels, extend the useful 
working life, whilst identifying and correcting any degradation in equipment. The frequency of these actions is set 
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to reduce the risk of missing a defect which can affect operations or safety. Operation affecting issues can 
materialise as degraded working which may incur delays. Delays will have an associated cost based upon the 
Railway Undertaking (RU) and Infrastructure Management (IM) agreement. Safety affecting issues have a 
greater risk, and can affect the company’s reputation as well as legal duties to regulating authorities. Due to the 
high risk associated with missing safety issues, the IM sets the frequency of inspections at a level well before 
any safety affecting issues would reach the level of concern. It is this safety related issue that RCM should aim to 
identify and resolve, therefore enabling the reduction of high frequency inspections to a level where maintenance 
of assets has a benefit which can be easily measured.  

Below we examine a number of railway infrastructure assets, their maintenance mitigations, current maintenance 
strategy, and examine where RCM tools and condition based maintenance could be used to implement a more 
efficient maintenance regime. The cost savings for each of the modified regimes are listed. In addition to costs 
savings, effective, timely maintenance adds value to assets, but quantifying this is more complex, and as such 
left as future work. 

For these calculations we have assumed the following conditions exist for all assets: 

• Waste: + 25% of total maintenance + travel time 
• Travel time: 30 minutes for each asset visit 
• An average man-hour rate of £30 

5.1 Points  

Description: Historically these are the asset which pose the greatest operational and safety risk. There have 
been a number of high profile accidents where insufficient maintenance of points has been identified as the 
primary cause (Grayrigg and Potters Bar). Points consist of a number of mechanical and electrical components 
which are designed to ensure the movement is completed and confirmed to the interlocking. These can be 
hydraulic, electrical, mechanical or a mixture.  

Mitigations: Oiling, adjusting and inspecting of point machines are actions used to return the units to their 
optimum operating level. This will ensure that fittings are tight and secure, the time to move switches is at the 
required level, and movement is free and fluid and these should be set and recorded over a period shortly after 
commissioning, or a period when they are known to have reached their optimum or “as good as new level”. The 
most intrusive of actions is when control of points is taken by the maintainer, and visual inspection of covered 
components is required. They are designed to be failsafe, and unless the confirmation of full movement and 
locking is presented to the interlocking, trains will not receive an authority to proceed, and special operating 
procedures will then be required to ensure safe movement. The mechanical fittings are designed to be reliable, 
but wear and fatigue can occur and it this which presents the greatest risk to safety.  

Current strategy: Within GB the maximum frequency between inspections is 3 months. These routines are 
divided into inspections of the points mechanism, which creates the movement and the internal fittings which 
provide confirmation that the movement is complete. Local engineers may decrease the intervals of maintenance 
inspections, usually based upon previous failures, local knowledge, increased stresses (environmental, 
operational) or impact of failures/delays.  

RCM strategy: The RCM system can monitor times to move switches, as well as the current draw for the power 
unit used. These could identify degradation in real-time and alert the maintainer when an intervention is required 
between inspections. We can extend the frequency of intrusive inspections based upon analysis of both historical 
data, real time data and local engineers’ experience (i.e. findings during inspection, required adjustments, and 
level of wear). The greatest safety risk associated with points is the security of switches, and failure to detect 
loose or defective fittings, which can escalate very rapidly into a dangerous situation. Although condition 
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monitoring has been proven to identify many defects, there are still a number of potential problems associated 
with points which may go undetected. It is for this reason that the financial calculations for the new maintenance 
strategy shall still include physical checks of fittings at the current frequency. These will not require any additional 
checks which require point lids open, gauging and oiling. No matter how good the data, this can never remove 
the need for visual inspections, and these should remain part of the new strategy. Future monitoring techniques 
may allow for open and closed switch movement, detection current and insulation values, which may enable 
extending maintenance frequencies at a later date.  

The physical check of point components may require additional maintenance visits at a different occasion, this 
may impose added time, due to the need to plan. Where other infrastructure competencies have regular track 
access, they could be trained to complete these physical cheques, therefore completely removing the task from 
signalling. Alternatively, if new point fittings have an improved MTTF and have completed a suitable assurance 
process the increased reliability may allow physical inspections to be extended and calculated on speed, volume, 
environment, location and impact. This would require careful monitoring.  

There are certain assets where the financial and corporate risk to the business is such that the current frequency 
levels cannot be reduced, regardless of monitoring tools. For NIR these are estimated to be 25% of points 
assets. They can be identified by the number of point movements, combined with the number of trains traversing 
them, environmental condition or time to access and repair. Along with the risk to highly critical points there is the 
additional safety risk associated with degraded conditions falling below an acceptable safety level. As a result, 
75% of total assets would have maintenance completed once every two years, whilst 25% would remain at their 
current frequency. Please note these savings exclude the assurance checks at the current frequency rates. 

` Number 

of 

assets 

Work 

time 

Travel 

time 

Annual 

routines 

Total time per 

year 

Total time

per decade 

(hours) 

2 man 

team 

cost 

3 man team 

cost 

Current 

Strategy 

214 60 30 4 77040 12840 £963,000 £1,444,500

Assurance 

Inspection 

214 15 30 4 38520 6420 £481,500 £722,250

25% 

assets no 

change 

52 60 30 4 18720 3120 £234,000 £351,000

75% 

assets with 

RCM 

regime 

162 60 30 0.5 7290 1215 £91,125 £136,687

Savings £156,375 £234,563

Table 1: Comparison of 10 year maintenance costs for points 

5.2 Automatic Warning System 
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Description: Automatic Warning Systems (AWS) are used to give train drivers warnings when approaching 
restricted aspects. They require a positive action to prevent automatic braking. They use two magnets with 
opposing fields, which provide the driver with an audible and visual warning. 

Mitigations: There is low risk to operations or safety should they fail (with the exception of those located in 
depots). They are automatically checked for correct operation each time a train travels over them (although 
electro only checked if green signal is displayed). They are relatively reliable devices and the average UK failure 
rate is 1 per 40,000 operations. Completion of full asset check before implementation and yearly performance 
reviews assist in reducing additional risks.  

Current strategy: The assets are inspected annually to ensure that both magnet strengths are within 
specification, the units are secure, positioned correctly and cable insulation is not deteriorating. 

RCM strategy: Remote monitoring of O/P current to the electro units provides assurance of correct operation, 
therefore maintenance intervals can be extended. If their position could be verified automatically with on-train 
equipment, together with a measurement of magnetic field strength, then only a manual visual inspection once 
every four years would be required. Adopting this strategy would provide significant cost savings with minimum 
business risk. 

Number of 

assets 

Work 

time 

Travel 

time 

Annual 

routines 

Total time 

per year 

Total time 

per decade  

(hours) 

2 man team 

cost 

3 man team 

cost 

Current 

strategy 

325 15 30 1 14625 2437.5 £182,812 £274,218

RCM 

strategy 

325 15 30 0.25 3656.25 609.375 £45,703 £68,554

Savings £137,109 £205,664

Table 2: Comparison of 10 year maintenance costs for AWS 

5.3 Track Circuits 

Description: DC track circuits are used throughout the network. They include high/medium and low voltage 
tracks, with the latter typically installed at locations with automatic barriers. These assets are used to determine 
the position of trains and provide the interlocking with critical information.  

Mitigations: The performance of each track is tested by each train occupation and faults can sometimes be 
observed on the signaller’s panel. High to medium voltage track circuits are reliable under most operating 
conditions. Low voltage track circuits are more susceptible to faults related to poor rail to wheel interfaces (track 
circuit bobbing), which can be caused by rusty rails, rail head contaminations and so on. Conditions like this 
increase the likelihood of a train failing to activate track circuit relays. Track circuit operation is designed to fail-
safe, so that where failures occur, the impact is on operations rather than safety. Historical records can highlight 
areas more susceptible to faults. Track components installed to current maintenance installation standards with 
substantial insulated joints fitted (6 hole) are particularly reliable, and failures are usually caused by external 
factors. 

Current Strategy: These assets require quarterly inspections which include the following tasks: checking track 
components are secure, cables are not damaged, and shunt values are within tolerance. A more detailed 
inspection is carried out annually, or when component changes occur. 
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RCM Strategy: Data loggers can monitor both the digital output of track repeat relays, and the analogue track 
circuit current. With this data, the RCM system can trigger alarms, should track bobbing occur, or tracks remain 
down longer than normal. Alarms thresholds can be set for analogue data, to check track circuit rise/fall times, 
and to ensure correct current profile. As such, manual track circuit maintenance inspections could be carried out 
bi-annually. 

Number of 

assets 

Work time Travel 

time 

Annual 

routines 

Total time 

per year 

Total time 

per decade 

(hours) 

2 man team 

cost 

3 man team 

cost 

Current 

strategy 

1134 30 30 4 272160 45360 £3,402,000 £5,103,000

RCM 

strategy 

1134 30 30 0.5 34020 5670 £425,250 £637,875

Savings £2,976,750 £4,465,125

Table 3: Comparison of 10 year maintenance costs for track circuits 

5.4 Equipment Cabinets and Location Cases 

Description: These cases house signalling equipment which includes various electrical and electronic 
components, along with power supplies. Maintenance is required to ensure the trackside units remain secure 
and waterproof, the internal units are clean and secure, distribution voltages are within specified limits, and 
cables and connections are not degrading.  

Mitigations: Modern units are installed to current standards which ensure greater resilience to corrosion and 
other external influences (e.g. vermin, lightning and vandalism). Units themselves generally do not cause 
failures, although equipment housed within such as fuses and transformers may fail. These units are normally 
run to failure, and real-time monitoring is not used owing to the low failure rate.  Assessments should be made 
on the condition of housing, equipment, and wiring, to ensure an appropriate maintenance frequency. Areas 
susceptible to vandalism or extremes in weather may require additional inspections.  

Current strategy: Quarterly checks include, inspecting, cleaning, equipment, and recording voltages.  

RCM strategy: Condition Monitoring devices can record voltages which can provide real-time indication of 
deterioration of insulation. Internal temperature and moisture sensors can be used to monitor the operating 
environment. Bus bar monitors can be used to check for earth leakage faults. Forward facing cameras fitted to 
trains can assist in assessing external condition remotely. With these tools in place, the frequency of A&B 
maintenance could be extended to once every two years, with alterations depending on the number and severity 
of defects found. As such, significant savings can be made.  

Number 

of assets 

Work 

time 

Travel 

time 

Annual 

routines 

Total 

time per 

year 

Total time 

per decade 

(hours) 

2 man 

team cost 

3 man team 

cost 
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Curren

t 

strateg

y 

799 30 30 4 191760 31960 £2,397,000 £3,595,500

RCM 

strateg

y 

799 30 30 0.5 23970 3995 £299,625 £449,437

Saving

s 

£2,097,375 £3,146,063

Table 4: Comparison of 10 year maintenance costs for location cases 

5.5 Barriers 

Description: Barrier equipment includes a number of critical components. Faults affecting individual components 
can lead to systemic failure. The barrier pedestal contains actuator and detection equipment which both provides 
the movement and confirmation to the interlocking. Automatic Half Barrier Crossings (AHBCs) and Manually 
Controlled Barriers (MCBs) incorporate the same type of equipment but controls and interlocking`s differ. There 
have been a number of fatalities at AHBC assets, and as such proof of correct operation is essential. 

Mitigations: Equipment is generally fail-safe and as such, the majority of failure modes affect operational 
performance rather than safety. Degraded working will delay trains and may inconvenience those wishing to use 
the crossing, according to the level of use and criticality of access (e.g. use by emergency services). Excessive 
delays to road users may increase the risk of accident due to numerous human factors (impatience, risk averse, 
poor perception of risk), this will have a negative effect on the business and reputation 

Current strategy: Quarterly and annual maintenance inspections to ensure the correct operation of all 
components. 

RCM strategy: Barrier mounted data loggers can monitor many barrier functions, including, raise times, lower 
times, operating sequences, motor current and other indications, all of which can be used to confirm correct 
operation. The need to measure operating sequences and confirm functionality of lights and barriers could be 
confirmed by the monitoring of certain controls, but further assurances may be required, such as CCTV 
monitoring. Supply voltages and charging rates can be remotely monitored. Given the road/rail interface and risk 
to the public, it is unlikely the frequencies of these could be extended, unless component suppliers can prove 
extended mean time to failures. The main benefit afforded by RCM is reducing inspection time and the time 
taken to complete restorative work. Within NIR a large number of failures (80%) occur at a small number of 
crossings (20%). Reviewing level crossing failures and performance, and applying site-specific routines may 
further improve maintenance times and effectiveness. 

Number of 

assets 

Work 

time 

Travel 

time 

Annual 

routines 

Total time 

per year 

Total time 

per decade 

(hours) 

2 man 

team cost 

3 man team 

cost 

Current 60 180 30 4 50400 8400 £630,000 £945,000
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strategy

RCM 

strategy 

60 90 30 4 28800 4800 £360,000 £540,000

Savings £270,000 £405,000

Table 5: Comparison of 10 year maintenance costs for barriers 

5.6 Savings in Cost and Managing Change 

Team size 2 person 3 person

Current 10 year cost £7,574,812 £11,362,218

Projected 10 year cost £1,937,203 £2,905,803

Savings £5,637,609 £8,456,415

Table 6: Comparison of 10 year maintenance costs for all assets 

Although the costs saving may seem ambitious, this is offset with the conservative approach to maintenance 
intervals, which could be further extended. These represent initial estimations of what could be achieved if RCM 
tools are used to their full potential. A further benefit left unexplored is the value added by timely maintenance, 
where incipient faults are repaired before they cause assets to fail systematically, and the extension of lifecycle 
afforded, reducing the need for renewals.  

This being said, the following factors would need to be considered when managing the changes suggested: 

• Asset inspections are required to ensure there are no site-specific risks which may require additional 
consideration such as, age, condition, and operating environment. These must be completed before any 
implementation. 

• There needs to be additional planning of asset maintenance to ensure all required assets are covered in 
locations in the safest and most effective way. This may require a review of the current process. 

• Applying lean principles when maintaining areas should be considered to reduce waste, particularly in 
areas where travel time/ setting up SSOW or access takes longer than the maintenance process. 

• Buy-in is required from all stakeholders who need to be involved in the change process. This is to 
ensure that the business does not inherit unacceptable risk. 

• Staff competency and training, will need to be reviewed to ensure the new methods are applied as 
required. 

• Constant review of performance of equipment and staff to identify gaps in intended outcome and actual 
outcome, making required adjustments. 

• Condition monitoring equipment must be regularly checked and calibrated to confirm supplied data is 
accurate. 

• Reliability of monitoring equipment must be confirmed, this will include both transmission of data and 
ability to deal with various operating conditions (power outages). 

• New capital projects should apply condition monitoring techniques at the earliest stage, including 
benefits to operation and maintenance. 
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• Field staff should have remote access to asset information, this may include operating manuals, design 
specifications and past history, and should be presented in a suitable format (hand held devices). 

• Maintenance data recorded from the asset should be remotely accessible and presented in a manner 
which can be easily analysed. 

• All areas of monitoring should be explored for future benefits, this may include the installation of other 
condition monitoring techniques, such as thermal imaging, vibration sensors and oil analysis. 

• A dedicated team with reliability techniques and competencies should be established to ensure the data 
is fully utilised and improvement techniques applied.   

• New equipment must be supplied with relevant performance documentation, including FMEA data and 
include detailed maintenance recommendations which should be presented in a manner which fits into 
the maintenance strategy.  

• Future equipment suppliers must provide MTTF/MTTR rates and incorporate condition monitoring of 
vital functions which can identify degradation of components. 

• New equipment must be supplied with optimum performance data, detailing the operating limits, 
effective operating life, recommended equipment change, and environmental effects on components.  

• Utilising times and costs gained from the new maintenance strategy to apply improvement programs. 
This may include mid-life asset reviews, future condition monitoring requirements, installation standards, 
training and competency of field staff in other techniques. 

6 FURTHER CHANGES 

6.1 Record Cards 

All locations across the NIR network have relevant maintenance record cards located within them. These record 
all the required measurements identified as part of the maintenance visit. The values recorded indicate if the 
equipment is within the operating specification, and if actions are required to bring back to normal operating 
values. They also provide assurance to auditors that maintainers have completed the required inspections and 
provide vital data where incidents involving signalling assets occur. These record cards, however, are left in situ 
at their associated locations and access to information recorded is only achievable after a site visit, or if the 
record cards have been returned when completed.  

As such, much of this performance data is not available for analysis nor to assist with the drive to improve 
maintenance activities. Within NIR this data has been recorded for over 15 years, but it is not yet in a suitable 
format for analysis. Looking forward, this information should be made more readily available. This could be 
achieved if maintenance staff used hand held devices with electronic templates of all card types. Measurements 
and notes could then be entered and recorded against specific assets and stored within a central database. 
Alarms and triggers could be used to highlight deviations to an unacceptable level, prompting more timely 
maintenance interventions or mitigation strategies. 

6.2 Capturing Maintenance Action 

As part of a new strategy, a record of any maintenance actions required to return the asset to its required state 
should be captured. This can confirm the validity of maintenance frequencies, or prompt further adjustments. The 
maintainer should record specific maintenance actions, e.g. items secured, adjustments, lubricated or tightened, 
as this can be used to measure the effectiveness of specific routines.  

All of these changes will assist in confirming the performance of the new strategy and allow for continual 
improvement. The availability of this information is essential for continual improvement and for the 
implementation of the business improvement model illustrated below.   
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Figure 6 – An illustration of the proposed business improvement mode 

7 CONCLUSION 
The drive for change in signalling maintenance can only be satisfied by harnessing new technology, and making 
good use of data. Critical evaluation of work and continuous improvement rely on rigorous quantitative analysis 
to demonstrate which practices work best. We have shown where potential cost savings can be made, how value 
can be added to assets, and how maintenance procedures can be continually improved.  

RCM cannot replace the need for certain asset inspections, particularly those which are critical to the operation 
and safety of signalling. These inspections can be used to identify issues not monitored or proved by the RCM, 
for example checks for fatigue cracks, misalignment, loose fittings, unacceptable wear (treadle arms, brushes). 
These inspections should record defects and actions which can be further used to determine future inspection 
frequencies and requirements.  

Verifications of maintenance tasks are completed by senior engineers by sampling various signalling assets to 
determine if the asset is maintained to the required standard. This normally requires engineers completing similar 
inspections and tests to ensure the asset is within operational specifications and finding no evidence of 
maintenance deficiencies. Any defects found will give engineers cause for concern and may lead to further 
analysis of signalling assets and competencies of maintenance engineers. Alternatively, alerts can be activated 
to identify maintenance activities, and provide some assurance to maintenance engineers that staff have at 
minimum worked on the asset. If an alarm generated identifies a degradation in performance, the return to 
optimum performance after a maintenance intervention will provide the assurance required. Physical inspections 
may still be required, although these can be a lot less intrusive when combined with monitoring tools.  
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