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DELIVERING A WORLD-CLASS FAO SYSTEM FOR MTR 
SOUTH ISLAND LINE – CHALLENGES AND SOLUTIONS  

Terence Law, MTR Corporation Limited 

SUMMARY 

Thanks to proven advanced technologies, the increasing deployment of Fully Automatic Operation (FAO) 
solutions using Communications-Based Train Control (CBTC) technology has been the latest trend in heavy 
metro networks for both revamping projects and construction of new railway lines. On operational aspects, FAO 
systems provide a much greater flexibility for meeting service demands and resource management. However, 
the level of systems integration complexity throughout the whole project lifecycle has also been increased 
considerably, from train control to the interfaces with passengers to meet the latest service standards and project 
specific constraints, such as the given track alignment and civil construction challenges. 

This paper discusses the challenges and solutions experienced in the delivery in the South Island Line Project 
with an aim to foster continuous improvement in the railway industry and customer experience. 

1 INTRODUCTION 

1.1 Background 

On 28 December 2016, the opening of the 7-km South Island Line signified the commencement of a new FAO 
train service for the MTR railway network in Hong Kong. This new medium-capacity line offers the 350,000 
people living and working in the Southern District of Hong Kong Island reduced journey time, as well as seamless 
connections to the whole MTR network. A further 7-km line extension has been proposed in the Government’s 
Railway Development Strategy 2014. 

In 2016 the average weekday patronage for all MTR rail and bus passenger services in Hong Kong increased to 
5.59 million, which represents 48.4% of the overall share of the franchised public transport market. MTR has 
been maintaining the service performance of 99.9% passenger journeys on-time for years. FAO-ready / FAO-
enabled rail infrastructure is clearly one of the ways forward to achieving enhanced efficiency and better 
customer service. 

Figure 1: SIL Track Alignment Figure 2: SIL 3-car Train 

1.2 Keys to Success 

To commission a new line, it is required to demonstrate “safe and sound” performance to the statutory authority 
prior to Day 1 passenger service. Safety, as always, is a must while the “sound” element refers to an integrated 
fit for purpose solution to a high system reliability standard. The followings are the key to success throughout the 
whole project delivery phase: 

• Establishment of comprehensive operational scenario descriptions and early confirmation of mandatory 
user requirements during the development of detailed designs; 
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• Management and adaptation of the most appropriate baseline solution (system configuration and 
generic products) to fulfil project requirements from initial gap analysis to detailed assessment of both 
operational and safety constraints, whilst keeping development risks as low as practicable; 

• Establishment of detailed functional and testing requirements of interfaces among mission critical 
systems - for example Rolling Stock characteristics, ATO tuning strategy, passenger information, 
remote recovery and surveillance facilities. This demands a total solution approach across different 
disciplines; 

• Management of the software build plan to align with the project implementation schedule with clear 
definitions of factory integration tests and on-site test requirements, especially quick software upgrades 
for resolving T&C anomalies during the time critical commissioning phase; 

• Overall system engineering management between the system R&D centre and respective project 
engineering teams in different locations over the world, i.e. technical leadership, competence 
management and change control; 

• Proactive stakeholder management for confidence building, speedy resolution of issues, safety 
certification and finally statutory approval. 

2 SOUTH ISLAND LINE 

2.1 The Alignment 

The South Island Line (SIL) is a 7-kilometre, medium capacity railway that connects the Southern District with the 
existing railway network in Hong Kong through tunnels and viaducts, with five stations at Admiralty, Ocean Park, 
Wong Chuk Hang, Lei Tung and South Horizons. A train maintenance depot is located in Wong Chuk Hang. 
Admiralty Station at the northern end is a major interchange station with the Island Line, Tsuen Wan Line and the 
future Shatin to Central Link. The whole SIL Mainline is designed for bi-directional working and the maximum 
operational speed is 80 km/h. The end-to-end journey time is around 11 minutes. The SIL also caters for a 
further extension from Wong Chuk Hang Station to connect with the western end of the Island Line to meet the 
anticipated growth in transport demand.  

2.2 System Configuration 

The SIL Signalling System is a radio-based moving block CBTC system using a 5.8GHz encrypted WiFi network 
for bi-directional wireless communication between trains and trackside equipment. The system is comprised of 
five major subsystems with high redundancy provisions, namely: 

• Automatic Train Control System; 

• Computer Based Interlocking System; 

• Automatic Train Supervision System; 

• Data Communication System; 

• Maintenance Support System. 

The SIL is designed for 3-car heavy metro train operation using a DC 1500V traction supply system. The trains 
are built for fully automatic operation and have adopted open-cab design at both ends. A fallback driving console 
with full control and monitoring functions is embedded in each “cab” for emergency manual operation. With an 
aim to optimize the energy conservation effectiveness, an external energy storage system is provided at either 
end of the railway line to improve the receptivity and store up excessive energy from the train regenerative brake 
system.  
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In regard to the headway capacity upon the given track alignment, the maximum service frequency is 124 
seconds. The current train service at peak hours is operated at 200 seconds. This implies that the Signalling 
System is capable of accommodating 60% patronage growth in future, by introducing more trains when needed. 

2.3 Modern Station Facilities 

In addition to the well-planned connectivity with the nearby community, the introduction of “Self Service Points” in 
station concourses provides passengers with an integrated terminal to deal with all ticketing and passenger 
information matters. Passengers can use the “Call-for-Assistant” function, through which they can contact the 
Customer Service Team at Admiralty Station, the Group Station Control, via real time video and audio 
connection. This modern station facility offers added convenience to passengers and allows a greater flexibility 
on manpower resource deployment from the overall customer service perspective. 

Figure 3: Self Service Points  Figure 4: Station Concourse & Platform 

3 SPECIFIC FAO FEATURES 

3.1 Automatic Forward and Backward Inching

The SIL is fitted with Automatic Platform Gates (APG) and Platform Screen Doors (PSD) at above-ground 
stations and underground stations respectively. In the spirit of continuous improvement, the Signalling System 
shall meet the station stopping accuracy of 99.99% of station stop within +/- 350mm. The design shall enable 
trains to dock accurately within this +/- 350mm Door Open Enable (DOE) window at station platforms. Automatic 
inching is therefore provided if an arriving train is stopped short or overshoots within 10 meters of the stopping 
point at platform. In the event that the train stops beyond this range, the Traffic Controller in the Operations 
Control Centre (OCC) can command the train to either return to the current station or proceed to the next station. 

3.1 Remote Speed Restricted Mode 

It is critical to train service performance to keep trains running according to timetable without any perturbation. 
However, once a train has become “delocalized”, the Signalling System will firstly bring the train to standstill and 
protect it with a wider protection zone for ensuring safe operation.  
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The Remote Speed Restricted Mode (RSRM) feature is purposely implemented to re-localize a train without 
having any manual operation on board the train, i.e. it does not need to send drivers to the incident train for 
recovery. The SIL Signalling System allows a de-localized train to run to up 200 meters at 15 km/h after receiving 
a remote train movement authorization from the OCC by way of each RSRM attempt. The nominal separation 
between adjacent balises is around 120 meters on the Mainline and hence a delocalized train can quickly 
resume normal FAO running within 1 to 2 minutes once it is localized again. If needed, multiple RSRM retries are 
operable. 

3.2 Remote Control & Monitoring Functions 

Under FAO, Traffic Controllers in the OCC undertake the dual roles of Traffic Controller (for overall traffic 
management) and Train Operator (for determination of the healthiness of trains throughout the traffic hours). 
Remote monitoring of all service critical train statuses is provided on the ATS workstations in the OCC, with a 
similar layout to that displayed on the onboard Train Control and Monitoring System console. This facilitates 
Traffic Controllers to remotely diagnose trainborne failures and restore normal operation as much and as fast as 
practicable. 

Comprehensive remote train control commands are provided to support driverless operations and centralized in 
OCC, such as: 

• Train hold / skip at station; 

• Train doors opening / closing; 

• Reset / Application of emergency brake; 

• Remote Speed Restricted Mode; 

• Trainborne computer reset; 

• Train sleep / wakeup; 

• Work Zone /  Evacuation Zone management. 

From asset management perspectives, the SIL railway systems provide enhanced maintenance facilities with 
comprehensive operating data. These data can be further consolidated and analyzed to mitigate asset 
degradation. 

4 RETURN OF EXPERIENCE 

4.1 Understanding the Operating Context 

The establishment of comprehensive operational scenario descriptions has proved to be a very effective way to 
enable good understanding of the operating context by the system supplier, with operations and maintenance 
inputs. It has taken account of normal train operation throughout traffic and non-traffic hours, timetable 
management, unplanned train service reformation as well as degraded operation, such as partial service loops 
and shuttle runs in the event of single line operation. 

This is an essential step to verify the appropriateness of the system level design against the proposed system 
architecture and functional definitions before proceeding onto subsequent detailed design and development 
stages. It also helps to gain early buy-in by end-users, and more importantly, to resolve any potential design 
deficiencies or service critical enhancements at the earliest opportunities. The documented operational scenario 
descriptions provide a good reference for system validation in a later project stage. 
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4.2 System Integration Complexity & Early Validation 

There has been a well-defined interface management process from the preparation of interface requirement 
specifications, development of detailed interface specifications to the execution of interface test plans and test 
specifications between respective interface parties.  The advanced technologies adopted by today’s railway 
systems and increasing performance expectations continue to drive the system integration complexity, for 
example: 

• control of train doors / APG / PSD; 

• automatic passenger information announcement on board the train and at station; 

• real time remote surveillance facilities when passengers call for assistance from train; 

• passenger evacuation management (control of side or ends detrainment according to incident site). 

The interfaces between respective railway systems are no longer in the form of simple hardwire interfaces. Any 
design deficiencies of these integrated functions can be easily become very eye-catching issues even it may be 
just a very minor delayed door operation or incomplete passenger information announcement when changing 
end at terminal stations. The successful delivery of a robust integrated solution definitely does raise the customer 
experience in their train journey. It has therefore demanded dedicated system integration efforts to lead and 
reinforce collaboration between leading and matching parties throughout the whole project term. By doing so, 
major mismatches in functional allocations, interface parameters, system behavior during transitional stages and 
configuration management can be identified and resolved in a timely manner through proactive verification and 
validation checks. 

4.3 Product Customization & System Engineering Management 

In the past decade, the industry has increasingly promoted the use of proven generic products / solutions. Project 
specific requirements are fulfilled by customizing the selected product for keeping system development and 
hence the project delivery risks to a minimum. This has been widely deemed as a prudent implementation 
strategy while the latest proven technologies are deployed. The system suppliers are also benefited from 
incorporation of new features into their baseline products to meet the latest customer requirements. 

Having said that, a comprehensive gap analysis must be performed at the initial design phase to identify the 
most appropriate baseline solution and confirm its suitability. System performance constraints associated with 
the generic product, if any, must be clearly communicated, evaluated and adequately addressed.  

For the SIL Project, the Signalling System Supplier has engaged its product core team and manufacturing 
facilities in Europe, as well as two development centres in Asia-Pacific. Dedicated efforts have been given to 
oversee the system engineering management to ensure appropriate technical leadership, competence 
management and change control among the responsible project offices. In view of a high degree of 
sophistication of CBTC systems, software development and system safety assurance always requires particular 
attention. Proactive management of the software build plan and transparency of any potential deviations to the 
plan has secured the master project schedule. The openness and dedications of the joint project team has 
overcome those challenges and commissioned the SIL system satisfactorily.  

4.4 Station Stopping Performance and Enhanced ATO Control 

The consistency of station stopping performance has a strong dependence on the brake blending performance of 
the whole fleet of trains. The electrical brake fading of SIL Trains is configured at a lower speed, 8 km/h for 
getting a greater energy conservation which defers the fading out of electrical / regenerative brake and cut-in of 
pneumatic / mechanical brake. This effectively brings the brake transition closer to the station stopping point 
(SSP) under ATO control. 
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At the commissioning stage, a high frequency of automatic forward inching was observed, even without any 
adverse impact on service performance. Later investigation has revealed that a potential root cause is related to 
over-braking and variation among different trains, which makes the tendency for short docking greater. The 
variation in braking characteristics may also be subject to some external factors such as the relative overhead 
line receptivity of the regenerative power.  

To deal with this challenge, an enhanced ATO control strategy has been deployed onto the SIL which 
significantly improves the overall station stopping performance. The enhanced strategy introduces a smarter 
station stopping supervision control through intelligent switching of double SSP targets at the brake transition 
speed of 8 km/h, in order to ease the overbraking effect, and selection of an appropriate ATO braking effort 
(weak / medium / strong) at the final approach to the SSP as illustrated in Figure 5. 

Figure 5: Station Stopping Supervision Window  (Source: ALSTOM) 

5 OPERATIONAL PREPAREDNESS FOR OPENING 

5.1 Meeting 120% readiness 

The SIL Project was strategically targeted to achieve the so-called 120% performance on Day 1 operation. In 
addition to a very intensive testing of the integrated system by the project team, the designated O&M team 
(including frontline staff) was mobilized well ahead of the final commissioning stage to take part in system 
commissioning tests and lead the Trial Operations for various drills and exercises. These covered stress tests on 
system capacity, incident management and contingency procedures as reassurance of equipment reliability and 
recovery capability. The operational preparedness also focused on cultivation of staff’s mindset and their 
awareness of differences from the existing practices, such as staff protection and access control arrangement in 
the first FAO depot. 
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6 CUSTOMER EXPERIENCE 

6.1 Understanding our Target Customers 

On the soft side, we hope our customers are satisfied by finding: 

• System facilities are user-friendly and designed to address their needs; 

• MTR staff are proactive, confident and approachable; 

• Passenger information is clear and relevant. 

SIL is serving both daily travelers from local communities along the alignment as well as tourists and leisure 
commuters, since Ocean Park and South District are very popular attractions in Hong Kong. Timetables are 
tailor-made to meet passenger demands with a longer station dwell for elderly people and passengers using 
baby strollers. On top of modern station facilities, an easy way-finding system also provides caring assistance to 
passengers. Prior to the line opening, on-site scenario-based training was given to customer service frontline 
staff on board the trains and at stations. 

Figure 6: Theme Train (Ocean Park Characters) 

6.2 Theme Trains and Artworks at Stations 

Three Special Theme Trains are presented to passengers since Day 1 to create excitement and good riding 
experience. Artworks of local elements are incorporated into station designs to build a closer bonding with nearly 
community. 

7 STAKEHOLDER ENGAGEMENT 

7.1 Vital Catalyst for Project Execution 

Stakeholder engagement has played a significant role to facilitate the project execution since the planning stage. 
From consultations with political parties, government departments and professional institutes to community 
liaison groups, the proactive engagement helped to achieve early identification and resolution of key public 
concerns and promoted the benefits of the Project during design and construction stages. 

Prior to the line opening, a series of roving exhibitions and talks at schools, organizations and housing estates 
were conducted to help passengers familiarize themselves with the new facilities. 
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8 CONCLUSION 

All in all, it is a common objective to build a sustainable platform to offer world-class customer experience to our 
passengers and to facilitate technological developments with the rail industry. Forward looking management of 
technical designs and non-engineering aspects are keys to success in view of the increasing passenger 
expectation and public transport demands ahead. 



Mind the Gap – How looking beyond the system boundary benefits everyone Page 1 of 11 

MIND THE GAP – HOW LOOKING BEYOND THE SYSTEM 
BOUNDARY BENEFITS EVERYONE

Paul Barnsley, BEng MIET, ALIRE Consultants NZ Limited

SUMMARY 

Due to the rapid advances in technology over the past 20 years, the use of embedded software based systems is 
now commonplace throughout the rail industry.  Increasingly, systems that were previously largely independent, 
such as trains and signalling, are now required to work together as an integrated whole.  Whilst this has delivered 
significant benefits, its created additional technical and contractual interfaces and therefore increased the 
complexity of many rail systems.

It has also meant that a failure in one system can be manifested in another via their interfaces and due to the safety 
requirements for cab signalling systems this can be a particular risk for signalling suppliers. 

With a focus on ETCS level 1 systems, the aims of this paper are to explain in more detail how this issue can arise, 
the impact they can have, to present some strategies to improve the efficient identification of the root cause of 
such faults and to demonstrate the importance of looking beyond systems boundaries to improve performance.

Whilst this paper will concentrate on ETCS level 1 systems, it should be noted the issues and solutions presented 
can apply to any integrated systems and applications including high speed, metros and light rail.

1 INTRODUCTION 

The introduction of cab signalling has realised huge benefits for many rail industry stakeholders, such as improved 
levels of safety, increased capacity and reduced maintenance costs.  However, it has also added additional 
technical complication through its multiple interfaces with the train, (usually) the addition of at least one extra 
contractual boundary (i.e. separate signalling and rolling stock suppliers) and from the flow of functionality between 
systems.    

Furthermore, societal expectations and the proliferation of mass and social media means the pressure to deliver a 
safe, reliable service and value for money is greater than ever.  This requires the ability to efficiently identify the 
root cause of faults, whether they be technical, procedural or due to human error.   

However, with the flow of functionality across technical interfaces, the influence of contractual issues and poor fault 
reporting this can be difficult - especially on cab signalling systems at the lower end of the Grade of Automation 
(GoA) scale, such as ETCS level 1. 

But it needn’t be this way.  Systems make decisions based on data they collect and inputs received (or not) either 
internally or from across system boundaries, hence they know why they’ve reacted as they have.  But often this 
capability isn’t fully utilised when designing fault management systems and represents a missed opportunity to 
improve reliability and reduce lifecycle costs. 

Whilst this paper will focus on ETCS level 1 systems, the issues discussed and solutions presented apply equally 
to any integrated systems. 



Mind the Gap – How looking beyond the system boundary benefits everyone Page 2 of 11 

2 CAB SIGNALLING AND “REFLECTED FAULTS”  

As described above, the introduction of cab signalling has added additional technical and contractual complexity 
by combining two traditionally disparate systems trains and signalling (see Figure 1). 

Cab signalling systems react to the changing state of signals passed across the interface between rolling stock 
(RST) and signalling (SIG).  Due to the fail-safe requirements for SIG, the loss of one of these inputs, perhaps due 
to a fault train side may result in an emergency brake (EB) application by SIG.   

However, usually it’s the system where the fault becomes evident that takes the blame.  In this case, it’s highly 
likely the drivers report would reference SIG as the initiator of the EB and that’s how the incident would be allocated 
in the delay management system, meaning it’s contingent on SIG to prove their innocence.  This is the principle of 
“reflected faults” – where a fault on one side of an interface is manifested across the divide and in the other system. 

Figure 1: Additional complexity due to cab signalling1

Examples of functions passing between trains and the onboard component of the signalling system on a typical 
ETCS level 1 system can be seen in figure 2 which also shows how this can lead to reflected faults: 

Figure 2: Typical functions that traverse the “gap” between RST and SIG on an ETCS level 1 system 

For example, a millisecond interruption in the RST power supply for SIG, that may not be detected, could lead to 
an emergency brake application by SIG. 

1Note: A 3rd contractor supplying trackside equipment is more likely on brownfield upgrade projects 
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Note: Paradoxically, whilst systems at GOA 3-4 are more technically complex, they also tend to have more intuitive 
integrated fault management systems when compared to GOA 1-2.  

To identify the underlying causes of poor reliability, it is vital that the root cause of faults can be determined 
efficiently.  If not, the integrity of the associated reliability data and strategies to improve performance will be flawed.  
Therefore, reflected faults have the potential to wreak havoc throughout a systems life, but their impact is potentially 
greatest during service introduction and early rollout, primarily because:  

• Many systems will be suffering early infant mortality failures 

• Staff are at the bottom of their learning curve, hence fault reports may be inaccurate 

• Integration issues not identified during commissioning will start to become evident as fleet mileage 
increases 

• There is huge pressure on resources – technical staff, trains, access to the network, test drivers etc.  

• The pressure to deliver and meet the expectations of customers, politicians, the media etc. is very high

3 WHAT OTHER ISSUES CAN CAUSE OR EXASPERATE REFLECTED FAULTS? 

3.1 Contractual issues  

Having multiple suppliers inevitably leads to them blaming each other for faults.  It’s likely both contracts will include 
individual RAM regimes and targets that reward good performance (and vice-versa) which incentivises them to 
blame someone else.  Also, cab signalling requires RST & SIG to work together as a cohesive whole, but with two 
different contracts it’s difficult for the customer to assign performance accountability at the (combined) railway level.   

SIG is also exposed to reflected faults due to its fail-safe characteristics and from intermittent, hard to find faults in 
cabling and connectors that are likely to have been supplied and installed by RST as part of their contract. 

3.2 Poor or inaccurate fault reporting   

Naturally, drivers will only report what they can see.  If the system advised that SIG applied the brakes, that’s what 
will be reported.  Whilst some drivers provide excellent faults reports, many include inaccurate or misleading 
information, lack technical detail or are provided way after the actual event.  This can be for several reasons;  

• A genuine misunderstanding of the situation 

• Incomplete or inadequate training 

• Basic incompetence or a desire to cover up a mistake 

• Industrial relations issues around the writing of reports 

Consistent inaccuracies from drivers greatly increases the risk of reflected defects being reported. 

3.3 Poorly worded fault messages on driver/machine interfaces (DMIs) 

Unclear or misleading DMI messages can encourage the proliferation of reflected faults.  Very often, it’s argued a 
driver doesn’t need to know the reason for a fault, just how to respond.  But as the driver is often the starting point 
for the fault allocation process, if, for example the EB application by SIG is actually due to a train side issue, such 
as the momentary loss of a critical input the fault message should reference this (see examples later in the paper). 

3.4 Delay attribution systems 

Fault reports that lack technical detail can lead to delay attribution staff making assumptions on root cause even 
without any specific evidence.  Entries such as “Train came to a stand, assumed to be due to ETCS….” Or “looks 
like ETCS issue” become commonplace in drivers reports and delay attribution systems, thus proliferating the 
potentially inaccurate and unfair notion of poor reliability.  

The combination of all these factors can lead to the creation of a false picture of a systems actual levels of reliability 
which can fundamentally impact performance (due to the true root causes being masked) and lead to other ill 
effects, as described below.  
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3.4.1 The impact of reflected faults 

Reflected faults promote the notion that a system is less reliable than it actually is and can:  

• Hide the real underlying issues driving poor reliability & therefore increase costs 

• Damage inter-project and stakeholder relationships 

• Tie up valuable resources that could be better utilised elsewhere 

• Damage a supplier’s reputation and the likelihood of securing repeat business 

• Push the early failure period beyond the end of warranty – see later as to why this a particular risk for 
suppliers 

In the next sections of this paper, two examples of reflected faults will be presented. 

3.4.2 How are Reflected Faults manifested?  

Consider the Correct Side Door Enable (CSDE) function where ETCS is used to provide a door release signal to 
the train once it is confirmed that all doors are adjacent to the platform.  At each station, ETCS must process: 

1. Train length information entered either manually or automatically at Start of Mission (SoM) 
2. Train positional & door side information from a trackside balise on approach to the station 
3. Distance travelled from the balise as measured by onboard odometry to ensure correct stopping position 

However, service delays can occur if door release isn’t given, which could be due to a variety of reasons, as shown 
in Figure 3:  

Figure 3 – Potential underlying causes of door opening inhibition 

The blue items represent “genuine” ETCS faults; the red ones potential reflected defects (i.e. where ETCS behaved 
correctly but could be inaccurately blamed for a delay) due to inaccurate reporting, as per Table 1 below: 

ETCS 
inhibited 

door 
opening

Incorrect 
train length at 

SoM

ETCS door 
balise was 

faulty

Train door 
system defect

Driver 
"stabbed" 

door buttons

Driver 
stopped in 

wrong place

ETCS failed to 
send door 

open signal to 
train

Driver tried to 
open doors 
wrong side

ETCS failed to 
read balise
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Actual root cause of delay System response & why doors were inhibited Reason fault was 
reflected 

Incorrect train length entered by 
driver at Start of Mission (SoM) 

ETCS compares train length data and distance from 
door balise as per odometry and if distance travelled < 
that required to prove train in correct place = doors 
inhibited 

Driver incorrectly books fault 
as due to ETCS 

Train door system defect/driver 
“stabbed” door buttons 

There is a defect with the door system itself (train side) 
or the driver doesn’t press both door release buttons for 
long enough to latch the door open relay 

Driver incorrectly books fault 
as due to ETCS 

Driver stopped in wrong place ETCS compares train length data and distance from 
door balise as per odometry and if distance travelled < 
that required to prove train in correct place = doors 
inhibited   

Driver incorrectly books fault 
as due to ETCS 

Driver attempted to open doors on 
wrong side 

ETCS knows which side to open doors and inhibits their 
operation  

Driver incorrectly books fault 
as due to ETCS 

Train side door fault ETCS has enabled doors but Driver Machine Interface 
(DMI) doesn’t show this and only provides an indication 
if ETCS inhibits doors.  Doors fail to open.   

Driver incorrectly books fault 
as due to ETCS 

Table 1 – Examples of reflected faults due to inaccurate reporting 

Of course, given time and resources the root cause of these events could be determined by manually reviewing 
and reconciling train & signalling fault logs (which may not be available remotely so must be downloaded manually 
next time the train is on depot, thus delaying the start of the investigation).  But in reality, largely due to the pressure 
on resources, this investigation may not be concluded as the delay is likely to be minimal and the incident quickly 
gets buried by a larger, more high profile event.   

And so it goes on, more incidents are ultimately allocated to the wrong party in the fault attribution system meaning 
reliability analysis and subsequent performance improvement plans are fundamentally flawed. 

So, how can we make better use of the inherent intelligence of cab signalling systems to reduce the likelihood of 
reflected faults occurring?  

4 MAKING USE OF A SYSTEMS’ INTELLIGENCE TO DETERMINE ROOT CAUSE 

As stated above, cab signalling systems make decisions based on data they receive, or not, either internally or 
from external sources like RST.  Using the CSDE example again (Figure 4): 

Figure 4 – Correct Side Door Enable (CSDE) function 

ETCS will enable the doors based on the following function: 

• IF (based on train length data) the onboard odometry confirms that the train has travelled >168m but 
<172m from the door balise THEN enable doors on left hand side. 

So, in this simplified example you can see that if ETCS doesn’t enable doors it is because the train has either 
stopped in the wrong place or the train length data is incorrect.  But often this intelligence isn’t utilised in the fault 
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logs nor is it used to drive better DMI messages for the driver and this is a missed opportunity, so therefore why 
not elicit requirements to: 

1. Clearly indicate, in plain English in the SIG fault logs the reason for the ETCS inhibiting doors 
2. Display the actual reason for the doors being inhibited on the DMI  

The next section will describe how to make better use of the underlying intelligence inherent in cab signalling 
systems.  It’s based on an enhanced systems engineering process and the Interface Control Document between 
RST & SIG and includes the joint production of a RST-SIG Fault Management Requirements Specification (FMRS) 
to determine requirements for monitoring points and logging systems that enable the efficient determination of the 
root cause of faults. 

The process starts with the head contracts which should include requirements for both suppliers to cooperate on 
integrated fault management.  Some example requirements could include:  

• That both parties shall enter into a joint co-operation agreement & establish a working group 

• That both parties cooperate to deliver a Fault Management Requirements Specification (FMRS) 

This approach is elaborated in Figure 5. 

Key: 

FMECA Failure Mode Effects Criticality Analysis RST Rolling Stock 

FRACAS Failure Reporting & Corrective Action System SIG Signalling 

FRS Functional Requirements Specification T&C Testing & Commissioning 
ICD Interface Control Document V&V Verification & Validation 

HFIP Human Factors Integration Plan 

Figure 5 – Inclusion of a Fault Management Requirement Spec within the Systems Engineering process
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4.1 Systems Engineering Management Plan (SEMP) and Functional requirements 

The starting point is to include this process as part of the Systems Engineering Management Plan and to use the 
Functional Requirements as the starting point as they define the high-level functions passing between the two 
systems.  For example: 

• “The ETCS system shall command the Main Circuit Breaker to automatically open before the train enters 
a neutral section”.  

4.2 Joint RST & SIG Interface Control Document (ICD) 

The next step in the development of these functions is the identification of interfaces and allocation of 
responsibilities as defined in the ICD.  The ICD also contains the detail around how these functions will be 
implemented on each side of the interface and any additional functions required to facilitate integration between 
the two systems.  For example:   

• “On approach to a neutral section, the ETCS will read a track mounted balise and send a 72V signal to 
the TCMS requesting the Vacuum Circuit Breaker (VCB) is opened” 

4.3 Fault Management Requirements Specification (FMRS) 

This document forms the cornerstone of this philosophy and would be used to determine the specific requirements 
for monitoring points/transducers that drive the fault logging systems on both the RST & SIG to enable efficient 
fault diagnosis.   

Continuing with the neutral section example, the monitoring points shown in Figure 6 would be required to 
determine WHY the VCB failed to open and therefore whether the fault was on RST or SIG:

Figure 6 – Use of FMRS to identify fault monitoring points and requirements for fault logs 

The FMRS would then be used to capture these requirements.  So, in the example above, to determine whether 
SIG actually commanded the VCB to open, SIG should monitor the 72V relay in the TMS system and an example 
FMRS requirement might be: 
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• “The SIG system shall monitor the status of the VCB open relay in the TMS and independently log each 
change of state” 

To implement this function, a transducer and interface to the fault logging system would be required.  The FMRS 
could also be used to initiate the HF requirements for the error messages displayed to drivers and maintainers too 
– see below for further details.  

4.4 Verification & Validation and the Testing & Commissioning plan 

The FMRS should be an input to the V&V process and T&C plan to ensure the fault management system is tested 
“end to end” during commissioning, i.e. manually open/close the 72V relay contact and confirm this change of state 
is logged, for example. 

4.5 Human Factors Implementation Plan 

Using the FMRS, the messages to be displayed to drivers and maintainers that includes root cause should be 
developed as a joint exercise between both suppliers to minimise the risk of fault reflection due to inaccurate 
reporting.  This could simply be via a fault code that a driver must include in their report but will guide the maintainer 
and delay attribution system as to the root cause.  For example: 

• “VCB failed to open prior to neutral section.  Report fault code 1234.” 

The maintenance and delay attribution documentation could then include the actual root cause of fault code 1234, 
e.g. 72V relay for neutral section control failed to close due to balise read error.  Check balise reading system.  

4.6 Maintenance and training manuals 

Furthermore, the FMRS could also be used as an input to the maintenance manuals and driver/maintainer training 
as shown in Figure 7 below. 

4.7 Joint RST & SIG FMECA/fault trees/reliability block diagrams including electrical 
schematics 

The FMECA and other reliability engineering processes are a very useful source of requirements for the provision 
of monitoring points and could therefore be used as an input to the FMRS.  Take another example – the Cab Active 
Relay supplied by RST and how it’s used by SIG to implement the Standstill Supervision function in ETCS.   

IF Cab Active relay state = 0 (contacts open) AND train speed >2km/h THEN SIG shall apply the emergency brake.   

The FMECA would determine the effect of a failure of the Cab Active relay, including those reflected on SIG, hence 
SIG would need to monitor and log the state of the Cab Active Relay via the FMRS as shown in Figure 7 below: 

Figure 7 – Use of FMECA to determine fault monitoring points and requirements for fault logs 
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4.8 FRACAS and component serial number tracking 

The enhanced systems engineering process should be complemented by a robust FRACAS to determine the 
cause of a fault at Line Replaceable Unit (LRU) level.  Requirements should also be elicited for suppliers to track 
serial numbers of components at sub LRU level to mitigate the risk of batch issues impacting reliability.    

4.9 The importance of the warranty period 

Warranty can be considered as a systems apprenticeship and, with appropriate buy-in, as a prolonged period of 
training as the customer has paid for the suppliers’ experts to be on site and accessible.  Everyone has a role to 
play and it can be a win-win for all, so long as the temptation to think “it’s their problem” is avoided. 

Also, a weak warranty is nobody’s friend.  Inevitably, after the warranty period has expired, the suppliers’ experts 
will move onto the next project and it is unlikely that there will be a budget for continued support as the system has 
moved from the “project” to “business as usual” and therefore from one internal cost centre to another.  But if the 
system is still unreliable the customer won’t simply go away, hence there will be a need for some involvement by 
the supplier’s experts, thus potentially eroding the margin and stressing supplier – customer & internal 
relationships. 

5 OTHER POTENTIAL CONSIDERATIONS FOR IMPROVING CROSS 
INTERFACE FAULT MANAGEMENTS  

5.1 Specifying an integrated train & signalling fault management system in both contracts 

Whilst trains have become more complex with multiple interconnected software based systems from numerous 
suppliers now being squeezed together in a fairly harsh operating environment, this has been somewhat 
complemented by the widespread use of software based Train Control and Management Systems (TCMS). TCMS 
is typically based on standard protocols such as IP to which the sub suppliers of train systems like Passenger 
Information Systems (PIS), CCTV, HVAC etc. must interface, thus providing opportunities for improved fault 
management capabilities on the train via a single user interface.  

However, cab signalling systems tend to be packaged as “off the shelf” product ranges such as Siemens 
Trainguard© or Bombardier’s CityFlo© hence it may be impractical to mandate a technical interface with an existing 
rolling stock TCMS system on the signalling supplier.

5.2 Standard database queries and common timestamping 

If complete integration of the respective fault management systems isn’t feasible, and to speed up subsequent 
investigations, an alternative may be to specify a standard database query tool so that the logs from trains and 
signalling can at least be interrogated from a common user interface.   

A requirement for a common time source to be used for timestamping all fault logs should also be specified to aid 
the retrospective analysis of incidents. 

5.3 Use contractual incentives to emphasise the importance of reflected faults

Given the potential impact of reflected faults on performance, another option could be to include a punitive regime 
that incentivises both suppliers to work together to minimise them, such as increased penalties for faults that turn 
out to be reflected from the other side of an interface.   

5.4 Cabling and connectors 

Due to the risk of reflected faults from cabling & connector issues, robust quality control such as audits and 
inspections by SIG is especially important as such failures often result in emergency brake applications and 
reflected faults on SIG as the scope of supply is usually with RST.  Also, such issues are likely to be intermittent 
in nature, therefore difficult to find and often result in repeat failures. 
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Furthermore, the application of Neural network fault finding techniques to identify the source of intermittent faults 
should be considered.  See the next section for further details. 

5.5 Intermittent faults and the use of Neural Network fault finding [Ref 2] 

Modern rolling stock is filled with numerous embedded systems that are required to work together reliably in an 
environment where vibration is a particular risk.  Due to the number of connectors, relays, contacts, PCBs etc., the 
risk of intermittent faults is high.  Traditionally these are the hardest faults to find as most manuals and fault finding 
techniques are contingent on the presence of a hard fault.  By their nature, intermittent faults can greatly impact 
asset availability and reliability and therefore cost a lot to fix. 

Neural Network fault finding is a methodology built around identifying the source of intermittent faults.  It utilises 
the continuous, simultaneous supervision of multiple test points to embed the expertise for early fault detection 
and diagnosis in the equipment, rather than relying on human beings to provide this expertise after the damage 
has been done.   

It’s primarily built around Fingerprinting, where the characteristics of the unit being monitored are gathered and 
continuously compared with real-time monitoring data to identify where a particular characteristic, say resistance 
of a relay contact, is starting to deviate from the fingerprint and could therefore become an intermittent defect.

5.6 Integrating data sources via the use of Ontologies 

Increasingly, the rail industry is using condition based monitoring and other data gathering systems to drive asset 
management and telemetry based fault logging on integrated systems.  However, each systems’ data is often in 
proprietary formats, is difficult to share and requires the development of specific interfaces to enable integration.  
Manual analysis is also required to draw conclusions from the data being gathered. 

Ontology Engineering is increasingly being used to develop railway specific Ontologies that integrate these data 
silos, facilitate easier data sharing and enable the use of machine (semantic), rather than human based (syntactic) 
analysis tools to deliver more efficient evaluation of large data sets.  

5.6.1 What is an Ontology? 

Essentially, it’s a means of representing domain knowledge and how a system works (e.g. a signalling system) as 
a software based model that describes the components, their relationships and specific rules of interaction.  There 
are various ontology software languages, such as OWL, that present domain knowledge in a standardised way to 
facilitate better integration of data silos and enable automated, machine based interrogation via the Ontology rather 
than directly with each specific application.  The basic principle of an Ontology is presented in Figure 8 below. 

Figure 8 – Basic principle of an Ontology to drive fault management data 

Therefore, the use of ontologies to improve the ability to determine the root cause of faults across multiple 
integrated systems should be considered. Ideally, this should be applied at the beginning of a project, but 
ontologies can also be developed later. 
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6 CONCLUSION 

Undoubtedly, the deployment of technology has delivered significant benefits for all stakeholders across the rail 
industry.  However, one of the downsides of closer integration is how reflected defects can impair performance 
and drive up costs. 

However, it’s possible to utilise the underlying functionality of these intelligent systems to enable more efficient 
identification of the root cause of faults that flow across system boundaries.  This ability facilitates more rapid 
reliability growth, frees up resources, can protect a supplier’s reputation, reduces asset downtime and therefore 
delivers a better service more quickly for less cost.   

Furthermore, through the application of Neural Network fault finding it’s possible to reduce the scourge of 
intermittent faults.  The development of Ontologies for railway systems is also enabling all stakeholders to make 
better use of data and is another example that shows how looking beyond the system boundary can benefit 
everyone. 
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DEVELOPING SPECIFICATIONS AND DEFINING 
PERFORMANCE FOR THE UNMANNED 
RAILWAY 

Robert Cooke CEng, MIET, CEng (Singapore), Sr. MIES, MIRSE, Land Transport 
Authority, Singapore  

SUMMARY 

Unmanned trains were first launched in Singapore in 2003 with the aim of providing a fast, efficient high-
performance mass transit solution and setting the standard for the islands future mass transit lines. The paper will 
examine key elements of the unmanned system that system designers need to consider from an operations and 
technical perspective. 

1 INTRODUCTION 

Specifying any modern signalling system is difficult as modern CBTC systems consist of complex sub-systems 
such Automatic Train Control (ATC), Computer Based Interlocking (CBI), Automatic Train Supervision (ATS) and 
Radio all sitting on a modern fibre based transmission network. The days of one person fully understanding every 
part of the system in detail are long gone. Adding unmanned operation (GoA4) to the mix provides further 
complexity. This pulls in new external interfacing systems and adds complexity to those that already exist. If all 
cities had the same operating concept after a few systems had been rolled out it would  become straight forward, 
but alas this seems a long way off and every city has its ‘must have’ features – much to the frustration of suppliers 
who must adapt their baseline solution to each new client. Each supplier’s system has subtle differences, so what 
should you ask for to ensure that a fair comparison can be made? Where will the supplier innovate and where 
should the client insist on innovation. Some examples follow, but the scale of the challenge means this paper can 
only highlight some key features, due to the complexity of the modern CBTC system. 

2 SPECIFYING THE SYSTEM  

2.1 Line Concept - Performance Planning 

Whether the Line is a greenfield or brownfield site, there will be physical constraints that determine the performance 
of the line regardless of the signalling system supplied. Decisions should be made as to what the signalling system 
can realistically achieve.  

2.1.1 New lines 

For new lines, generally there is more flexibility but even new lines will be faced with challenges. When building 
new lines through existing cities, piled foundations, existing lines and services all place constraints on the design. 
Whilst many services can be diverted, the potential impact of settlement on properties can severely restrict the 
alignment. Efficient track maintenance calls for a ‘Hornby’ style of track design, where only standard turnouts are 
used to minimise spares. As such points and crossings may only be permitted on straight track.  

2.1.2 Existing lines 

For existing lines, there will already be information on the performance and the pinch points should already be 
identified. Depending upon the existing system, if the terminal station performance is constraining the line it is likely 
to do the same when a CBTC systems is applied. Thus, decisions need to be taken as to whether layouts need to 
be improved and if so whether the alignment will permit such changes to be undertaken economically and with an 
acceptable level of disturbance to the existing customer base. However, if not done before or during the resignalling 
such changes may prove very costly to make once the signalling system has been commissioned, unless a 
framework agreement has been agreed for future works.  
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2.1.3 Rolling stock 

The performance of any system will depend greatly on the performance of the rolling stock. For CBTC systems the 
train performance characteristics are very detailed and slight variations in traction, braking and system reaction 
times can have a significant effect on performance. For new lines where existing stock cannot be measured the 
signal engineer must work closely with their rolling stock counterpart to agree the parameters that the rolling stock 
will be designed to. Some of the essential characteristics are listed below:   

• Emergency brake rates defined for specific levels of adhesion (surface and tunnel)  

• Service brake rates 

• Brake blending 

• Tractive effort curves 

• Jerk Rate 

• Traction cut off delay 

• Brake build up delay 

• Train Mass (empty and maximum passenger load expected in service) 

• Rotating mass (to ensure braking on different gradients) 

• Number of passenger doors (to determine realistic passenger dwell times) 

• Door opening/closing times to determine available passenger exchange time. 

• Train length 

• Number of motor cars 

In the planning stage, it will not be possible to define these exactly, but good estimates need to be used to 
undertake a line simulation to determine capacity. During the feasibility study phase of a new line undertaken by a 
contractor, they must undertake simulations and be expected to justify the rolling stock and signalling 
characteristics used. Once the line has been designed an in-house simulation using a suitably configured CBTC 
signalling simulator should be used to determine the raw line performance before pinch point management 
commences. Every alignment will have one or more pinch point that determines the maximum capacity. As long 
as they are not at terminal stations then suppliers would be expected to adopt strategies to eliminate them and 
achieve the desired headway. 

2.1.4 Terminal station design 

Terminal stations and any station where scheduled reversing moves will occur must be carefully designed to ensure 
that the performance of the overall line is not constrained. For Singapore where cut and cover construction 
techniques are used for station construction the station box size is critical and so terminal stations are double island 
platforms. The best performance is achieved when a scissors crossover is placed in front of the station and trains 
enter alternate platforms with a minimum of 60s dwell. This is not always possible and so other point arrangements 
may be provided. Staggered crossovers on the approach to the station are still effective but performance will not 
be as good as a scissors crossover. Placing the scissors crossover further away from the station is also an option 
but requires additional short routes to allow departing trains to safely approach a crossover that is in use by an 
arriving train. Reversing behind the station is possible but this effectively turns the terminal station into a through 
station for the train. It restricts the available dwell time which for short trains may be manageable but for six+ car 
trains ensuring that all passengers have alighted before sending the train to the siding becomes challenging for 
station staff. The unmanned train will have to have effective automated announcements on the station approach 
to ensure that all passengers are aware that they are approaching the terminal station and need to alight. 
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. 

2.2 Specifying Performance & Determining Supplier Capability 

The Tender phase for any CBTC signalling system is critical. Each supplier’s system will behave differently and 
they will have different approaches for pinch point management. For the unmanned railway ensuring maximum 
available passenger exchange time as part of a long dwell time is a major safety and operational factor that 
contributes to the effective line operation. For Singapore dwell times are defined as follows: 

• 28 s for non-interchange stations 

• 45 s for interchange stations 

• 60+ s for terminal stations  

For the unmanned railway, it is not acceptable to compromise on the passenger exchange time and a safe system 
is one where passengers have finished entering the train as the doors start to close. Additional doors help and for 
the Thomson Line cars will be equipped with 5 sets of double leaf doors, providing 25% increase in access to the 
train. Queue lines also help to give space to exiting passengers whilst marshalling the boarding passengers, an 
approach which works well here in Singapore. 

2.2.1  Supplier comparison 

During the Tender phase, each potential supplier needs to demonstrate the capability of their system to achieve 
the desired headway. Great care needs to be taken to ensure that the suppliers are using the same baseline. 
Firstly, a baseline is required. This should already have been done in-house and the various pinch points identified. 
For the suppliers to make simulations that can be compared they must be given a baseline train. Whilst the real 
rolling stock characteristics may not be available for a new line it is reasonable to use the characteristics of a 
comparable train from another project if the train type is similar. Next there needs to be a clear definition of what 
simulations should be submitted. The following three simulations allow a real comparison of performance to be 
achieved. 

• Minimum journey time accepting headway impacts 

• Adjusted journey time eliminating headway pinch points 

• Terminal station reversing headway 

The minimum journey time accepting headway impacts is an important measure as outside of the morning and 
evening peak it is unlikely that the operator would need to run at such a headway. The adjusted journey time using 
profiles that are of lower performance to allow closer train spacing at pinch points is needed to assess the overall 
increase in journey time. If the increase is too much then this may impact the fleet size calculations. The terminal 

Figure 1: Terminal station layouts 
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station study is useful to determine how the route release, route setting times of a system affect the terminal station. 
This is a complex calculation and providing the suppliers with a template to fill out provides both assistance to the 
supplier and easier analysis for the client when comparing. The above examples should be tailored to a particular 
project’s need. If for example coast is used as energy saving is considered more important than journey time, then 
simulations with coast should also be submitted. 

The method of pinch point reduction is also an import factor. Is it switchable? A new line may well not need its 
ultimate capacity from day one of operation as rolling stock is progressively purchased to meet the increasing 
ridership. As such, pinch point solutions may not be needed initially and so should be switchable or dynamically 
applied depending on the timetable. Whatever approach is used the dwell times must be preserved for the 
unmanned operation.  

2.3 Understanding the Role of the Train Operator 

When specifying the unmanned system, the roles performed by the operator must be automated but these go 
beyond the basics of train operation and announcements. Automatic driving is not new and so the automation of 
the driving from station A to station B is not a new challenge. The other duties performed by the train operator can 
be more challenging and it is the degraded modes, where a train operator would step in, that require the most 
thought. 

2.4 What Are the Key Functions? 

2.4.1 Enhanced automatic driving 

Whilst automatic driving is not new, with Automatic Train Operation (ATO or GoA2) an operator can intervene when 
the train stops incorrectly. There are three features that directly replace the operator as follows: 

• Jog – This allows automatic realignment in the platform either forward or backwards within defined safety 
limits. It is essential that a train is properly aligned with platform screen doors otherwise the passenger 
exchange cannot be undertaken efficiently and there is a risk of doors closing on passengers.  The 
Automatic Train Protection (ATP) system supervises this process to ensure that the train is aligned within 
+- 0.5m of the stopping point ensuring full use of the train door opening. 

• Creep – This allows the control centre operator to command a train with a failed ATO to move at slow 
speed to the next station, enabling operator intervention without having to enter the track to access the 
train - minimising both delay and risk to the operator. Creep does not have the same stopping accuracy 
as ATO and as such, the station stopping point is not used to prevent misalignment with the PSDs which 
may prevent access to the train. At the station, the train is stopped before reaching the normal platform 
stop mark to ensure that the rear of the train stops just before the platform, where staff can safely access 
the train from the station back of house area without the PSDs causing obstruction.  

• Close stabling of trains to within 3m of another train – This is required due to limited land being available 
for depots so close stabling of trains makes for efficient spacing. This is challenging for must suppliers 
and requires the issue of traction inhibit to the rolling stock and careful consideration of the potential 
position of a non-reporting train ahead that has been put into sleep mode. Whilst the ATO can drive the 
train to the desired stopping point there is always a residual collision risk. The key is to ensure that the 
collision risk is at a speed that is below that where the coupler would sustain damage, i.e. at a normal 
coupling speed. 

2.4.2 Automatic platform management & platform screen door operation 

For an unmanned train both the train and platform screen doors must be opened and closed automatically. Door 
closing warnings must be given and the door closing co-ordinated to reduce the risk of entrapment between the 
train and the platform screen doors (PSDs). Entrapment between the PSDs and the train is a hazard that once the 
train commences movement has a very high risk of fatality. PSD doors are designed to eliminate any potential 
standing area between the train and PSD as it closes, such that if a passenger does not move then the PSDs are 
unable to close preventing the movement authorisation being issued to the train. The main preventative measures 
are as follows: 
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• Ensure that straight platforms are used minimising the gap between PSDs and the train. For older 
railways with curved platforms additional detection systems would need to be considered. 

• Careful train design to ensure minimal gap between the train and PSD at torso level  

• Ensuring that passengers have sufficient time to alight and board the train.  

This last point directly relates to the dwell time. The dwell time is split up into three phases as can be shown in the 
diagram below: 

Door Opening

tO1 < 0.5s Train to PSD controller communication 

tO2 <= 3.3s PSD doors open 

Door Closing

tC1 <= 3.5s  PSD doors close 

tC2 < 0.5s PSD to Train communications 

tC3 < 1.6s ATO commands train to move until 
commencement of wheels turning  

This is an area of the design that cannot be left to the suppliers and must be carefully specified. The two technical 
times for the opening and closing of the doors if left to the suppliers without any requirements may prove to be very 
long. Unlike earlier relay based systems, the sequential processing of CBTC systems can result in delays. To open 
doors, the train borne ATO must establish that the train is stationary, transmit the command to the train and the 
PSDs and the doors then must open. Depending on the supplier this can be a slow process and would typically 
involve the following sequential steps: 

1. ATP proves the train is at rest and berthed correctly and issues door enable to the ATO 

2. ATO issues a command to the track side signalling to open the doors. 

3. Radio propagation delays  

4. ATC processes the door open command and passed to the computer based interlocking 

5. The computer based interlocking outputs the door open command to the PSD controller 

6. The PSD controller processes the command and commences door opening. 

The door closing process is the same except that the PSD closed and locked status must then be transmitted to 
the ATC on the train to permit the train to move.  

Without innovation, this process can take 4-5 seconds before the doors commence opening. This is an area that 
industry has not perceived as important and some suppliers claimed improvements were not possible. By studying 
the process and introducing new communications channels, so that the trainborne ATC can communicate directly 
to the PSD controller, improvements can be made. For the ATP, the concept of assured stopping allows the train 
to be declared at rest as if the traction is disabled, brakes are applied, train is braking at a known brake rate and 
is at very low speed, there comes a point where it is impossible for the train not to stop as it takes a finite time for 

Technical Time 
(Closing) 

Technical Time 
(Opening) 

Train wheels 
stop 

tO1           tO2                                               tC1             tC2    tC3

Train wheels 
commence movementDwell Time 

Passenger 
Exchange Time 

Figure 2: Technical and Passenger Exchange Time 
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the brakes to release, thus the train stationary status can be achieved earlier than waiting to measure the speed 
as 0 km/h. 

The scope for reducing time during the closing period relies on efficient communications between the PSD 
controller and the trainborne ATP to indicate that the PSDs are all detected closed and locked. This is less complex 
than the opening sequence and the closing time is dominated by the closing time of the PSDs which must be 
carefully controlled to minimise the kinetic energy of the doors to prevent injury should someone obstruct the doors. 
Once the doors are closed the time taken for the train to move will depend on the holding brake applied. The higher 
the level of holding brake applied the longer the brakes take to release, as such this requires careful co-ordination 
with the rolling stock provider. 

2.4.3 Other key roles of the operator 

The system will also have to perform other key operator roles and some of the more complex are as follows: 

• Train Wake Up & Sleep – These functions are normally performed in the depot, Train wake up is a complex 
process whereby a remote command from the ATS system, sent to the train ATC system, is used to 
power-up the rest of the ATC system as well as all other train systems. During the power-up the Train 
Data Management System, part of the ATC, will communicate to the train systems and perform its own 
start-up tests of the ATC system as well as integrated tests of the train systems to determine that the train 
is healthy and ready for unmanned operation. The health status achieved is reported back to the OCC to 
permit the operator to intervene in the event that a train does not achieve the desired state. 
Sleep is used at the end of the service day; once the train is stabled the ATS issues the command sleep 
to the trainborne ATC system and this is then used to shut down all the train systems and partially shut 
down the trainborne signalling equipment (except for the radio coms and wake-up equipment).  

• Emergency Detrainment – There must be a mechanism to allow the passengers to be able to escape 
from the train safely in the event of an emergency on the train. The general principle is always to get the 
train to the next platform where evacuation and incident management can be performed more easily than 
in a tunnel, but there may be occasions when evacuation is required in the tunnel. The trains are equipped 
with end detrainment doors that can be lowered to provide a ramp down on to the track. Use of the ramp 
must be carefully controlled to ensure that all trains in the vicinity are stopped and that the traction current 
has been discharged from the third rail, thus minimising the risk to passengers on the track. In the event 
of loss of coms between the train and the trackside an evacuation zone is automatically applied around 
the train by the trackside on the basis that the train is of unknown status.   

• Fault reporting – With no operator on-board all alarms must now be monitored by the OCC. This increases 
the workload of the OCC and as such the alarms must be carefully designed. The criticality of alarms 
across systems must also be consistent to allow the operators to know the comparative importance of 
different alarms. For this the potential impact on safety/service is assessed to rank the alarms. Alarms 
are sent back over the redundant signalling communications network and critical alarms for signalling, 
communications and train systems are also sent back via the non-signalling communications system 
(TETRA) back to the ATS. The ATS must combine the two sources of alarms ensuring that there is not 
duplication to present to the operator. Whilst double failures in the redundant signalling communications 
system should be exceptionally rare, losing critical alarms such as fire alarms for an unmanned train is 
considered highly undesirable. TETRA can carry data in addition to the voice coms but the capacity is 
limited. Only critical alarms are transmitted via TETRA back to the control centre providing a diverse path. 
For a new system this has a relatively low cost overhead as currently there are no suitable frequencies 
available that could provide the bandwidth for both signalling and voice data comms channels. 

2.5 System Interfaces 

System interfaces for the unmanned railway are more complex to permit automation of interface functions that 
would traditionally be done by an operator. Figure 3 below shows the interfaces of a CBTC system. Note that in 
Singapore locomotives are equipped with CBTC (ATP) and this allows safe running at speed, enabling efficient 
access to work sites after the traffic day has ended. There are three interfaces that require attention for the 
unmanned railway and these are considered in more detail below. 
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Figure 3: External System Interfaces  

2.5.1 Passenger train interface 

As has already been discussed in section 2.4 replacing the train operator requires the signalling to perform many 
functions requiring the most complex interface of all the external systems. This is an area where specifying 
requirements requires great care. The requirements for the signalling specification must be mirrored in the rolling 
stock specification. How much to specify? Too little and there may be problems with the two suppliers converging 
to a common design; too much and there is the risk of non-compliance due to systems operating differently but 
meeting the same overall ops and safety requirements as well as the risk of stifling innovation. There will however 
be functions where the ops concept is clear and so such requirements can be defined in detail. The more difficult 
part is defining I/O between systems as different suppliers configure their systems differently and care must be 
taken not to favour a supplier specific solution. Some key issues that need to be considered for the train interface 
include, ventilation, location of equipment including cubicles, defining brake rates for both surface and tunnel 
conditions, Mode transitions, mode selector switch combinations, consist formation and valid/invalid consist 
formations, etc. Whilst many of these issues are not unique to the unmanned railway when added to the unmanned 
railway requirements the interface becomes very daunting especially if one of the interface contractors has not 
supplied an unmanned system before. At the Land Transport Authority (LTA), we are looking to develop a skeleton 
Interface specification that covers most of the fundamental requirements for the interfacing parties on the basis 
that if the interfacing parties have an alternative solution that meets/exceeds the safety and operational 
requirements it can be proposed, but if not accepted then a backstop design solution exists.  

Train announcements also need to be either remotely made or triggered as well as standard train arrival and 
interchange information which is triggered on the train. The Signalling system will be required to provide triggers 
based on location, dependent upon the complexity of the message to ensure that the message is completed prior 
to the train stopping to give passengers time to prepare to alight. With some stations requiring complex messages 
and some only simple messages the signalling must be able to have the triggers set individually for each station 
to station run in order to ensure messages are not broadcast too early or late. 

2.5.2 Power interface 

During a passenger initiated evacuation in the tunnel the signalling must stop trains and discharge the traction 
supply to the third rail. The interface needs redundancy but also needs to be fail safe, such that in the event of total 
failure of the interface the traction can be discharged. Similarly, if the traction is discharged trains should not be 
permitted to enter areas without traction. Determining the extent of traction discharge for an evacuated train means 
careful consideration. The system must ensure that all traction is discharged in areas where the passengers could 
realistically end up. The presence of cross passages and crossovers mean that passengers could stray onto the 
other line, especially if there is smoke in the tunnel. Whilst we would expect that passengers would leave the track 
at the first station we also assume that some might try and exit at the other end of the station and that introduces 
the next traction section. So, the principle is to discharge the traction on both tracks on the section where the 
incident train is located and both adjacent sections on each side of the stations adjacent to the stations. 
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2.5.3 Integrated supervisory control system (ISCS) 

The ISCS system is used to set tunnel ventilation in an emergency and the provision of accurate location 
information is essential as there are no train operators to report where they are. With CBTC permitting multiple 
trains on a single train detection section this further complicates the train location determination for the operator. 
The signalling therefore provides the position of all trains to the ISCS system to allow effective ventilation control 
during an incident, ensuring a smoke free path for passengers to evacuate through. 

2.6 System Architecture 

Most suppliers can supply systems in a variety of architectures for both trainborne and trackside systems, varying 
from completely distributed to totally centralised systems. For the unmanned railway, consideration must be given 
to how the system reacts to a complete loss of redundancy. Whilst such events should be very rare they cannot 
be ruled out. Any incident should minimise the number of affected trains. Any failure that results in the loss of 
communications to the train from the signalling will trigger the evacuation process, stopping trains in the vicinity 
and discharging traction current. At this point the operator must quickly decide whether the system can be 
recovered or whether to commence evacuation as the trains commence load shedding. Under such circumstances 
the affected area should be as small as possible to minimise the number of trains without power. A totally 
centralised architecture is unacceptable due to the difficulty in managing so many trains back into service or in the 
event of an extended shutdown the logistical challenge of evacuation passengers quickly before the batteries drain 
completely.  Evacuation is to be avoided if possible as evacuating in tunnels that can be at over 40°C is a serious 
undertaking. 

Suppliers want to minimise the equipment count and once the location of reversing crossovers is considered, then 
zones covering 2-3 stations tend to be the best compromise. For a service running at 90s headway the failure of a 
zone covering 2-3 stations could affect up to 20 trains which is still a significant incident for operators to manage. 

When the implications of failure even for an optimised architecture can affect 20 trains, then the design of the 
power supply, Zone controllers, Interlockings and Data networks and radio communications systems must ensure 
that there is true redundancy and eliminate all possible single point failures.  

For future lines the provision of diversity, additional stand-by systems in addition to the standard redundancy, are 
being investigated for key systems to increase the robustness of the system. Experience has shown that 
interconnection between redundant systems can have systematic faults that bring down both systems. And so, 
diversity in design can assist in reducing the impact.  

For the trainborne equipment all systems that if failed would immobilise the train must be redundant. Designing out 
single point failures on the train interface can be challenging and a variety of interface circuits maybe required to 
cope with the different train circuits, such as emergency brake release, door enable and control, service brakes, 
traction inhibit, creep etc. I/O redundancy also needs to be done at each end of the train with mode selector, door 
controls etc. This is generally easier if ATC equipment is placed in both motor cars. Main processor redundancy 
however is achieved on an end to end basis making the redundancy arrangements complex.  

2.7 Supplier’ System vs Authorities System Requirements 

Suppliers ideally want to sell you their system off the shelf, but most clients have their own specific needs that 
need to be met. The clash in needs of the client specifications and off the shelf solutions needs to be managed to 
achieve a balance between prescriptive and performance based specifications and ensure that innovation is not 
stifled. 

Figure 4: Emergency Evacuation Area 
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Whilst unmanned systems are becoming more common they are not standardised and as such each operator will 
want to keep a common operating concept across lines; only updating when there are improvements that can be 
made to safety, performance or operability. As such most contracts need to be both prescriptive and performance 
based. This of course poses a dilemma for suppliers in terms of the compliance during the tender process, as a 
fully compliant bid may well be significantly more expensive than the supplier baseline solution. For the Authority, 
this poses a problem where justifying a higher price bidder to the tax paying public is not easy. Often the criticality 
of an unmanned feature may not be obvious to a supplier who is so often far removed from the operating railway. 
Undertaking a rigorous technical evaluation of tenders and then only opening the price for those that reach the 
required technical compliance certainly helps. Having an appropriate weighting between price and quality can then 
be used to ensure that the best value for money solution is adopted. 

2.8 Operator Information 

The signalling system is one of many systems that supports unmanned operation and the interfaces mean that the 
operator is often dealing with multiple systems during an incident. Whilst suppliers must provide detailed manuals 
and training on how their systems work, it is important to provide the operators with a complete picture of the 
railway. The four systems with the most complex interfaces are the signalling, rolling stock, communications and 
ISCS. For these systems, a unified set of manuals is produced in addition to the system specific manuals. All four 
suppliers provide the information with collaborative editing to produce the Operational Modes and Principles 
Document which is formed from the following volumes: 

Volume 0. Table of Contents 

Volume 1. Operations Concept 

Volume 2. Normal Mode Operations 

Volume 3. Emergency Mode Operations 

Volume 4. Degraded Mode Related to Mainline and Depot Operations 

Volume 5. Degraded Mode Related to Trains 

Volume 6. Degraded Mode Related to Signalling System  

Volume 7. Degraded Mode Related to Platform Screen Door 

Volume 8. Degraded Mode Related to Communications System  

Volume 9. Degraded Mode Related to Integrated Supervisory Control System 

Volume 10. Degraded Mode Related to E&M Services 

The manuals are developed in tandem with the system design, the theory being that they are developed from the 
individual system designs, however in practice as they are developed they tend to identify issues with the design 
that are not obvious to the individual system designer and so can identify changes in the design stage prior to 
testing thus saving additional time in the design and testing process. Once complete the manuals are signed off 
by all four suppliers. 

3 CONCLUSION 

Unmanned railways are complex and must be specified very carefully to ensure that a safe and efficient operating 
concept is achieved. Suppliers will try to supply their baseline product with as few bespoke elements as possible 
and so ‘must have’ features need to be carefully specified. The suppliers need to be told up front that the omission 
of any features will mean a technically non-compliant bid that may be rejected. Innovation may need to be client 
driven in some instances where no supplier has an obvious solution to improve reliability or performance.  

Interface management and definition must be an integral part of the process from specification, design process, 
testing and operator manuals to ensure the both the operability of the system and understanding of the system by 
the operators. 
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DEVELOPMENT OF A NATIONAL TRAIN 
CONTROL CENTRE – KEY STAGES AND 
FACETS OF THE PROCUREMENT 

Paul Manning, BEng(Hons); CEng; FIRSE; FIET, Ricardo Rail 

SUMMARY 

This paper presents an overview of the key stages, considerations and a suggested approach, in the development 
of a contract strategy and tender specification for a National Train Control Centre (NTCC) and fully integrated 
Traffic Management System (TMS). 

It draws in part, from experience of a current project in Ireland where Ricardo Rail are working with Iarnród Éireann 
(IÉ) to develop the project documents, as well as other experience of similar deployments in the UK and Europe. 
The author of the paper is the Project Manager for the Ricardo Rail team, delivering the project in Ireland, and has 
worked closely with IÉ in all aspects of the works to date. 

It is not possible within the editorial constraints of this paper to provide an in-depth appraisal of the points made, 
indeed one could write a paper on several different aspects of the project development cycle, however it will serve 
as a useful guide to a model approach and the key learning points when planning such an undertaking. 

1 BRIEF DESCRIPTION OF THE CURRENT IÉ NETWORK  

Ireland’s approximately 2,400km rail network is owned and operated by IÉ, with approximately 600 passenger 
trains and 10 freight trains daily.  There are 144 stations on the network and annual passenger numbers are around 
37.8 million.  There are currently 205 manned level crossings: 67 locally worked gated crossings and 138 four 
barrier CCTV crossings controlled from either the Centralised Traffic Control (CTC) located in Dublin) or one of the 
Level Crossing Control Centres (LCCC) located at Mallow and Athlone.  

The current IÉ CTC centre dates back to the 1970s and has been gradually extended during subsequent signalling 
renewals, including a major extension in the 1980s to accommodate the Dublin Area Rapid Transport (DART) 
project. Around 75% of the Rail network (approximately 1,500km) is currently controlled from the CTC. Much of 
the remainder is colour light signalling with Solid State Interlocking (SSI) controlled from various Emergency Control 
Panels (ECPs). Due to the constraints of the existing premises, and the objective of centralising all railway control 
in an integrated facility, it has been determined that a new NTCC is required.  

The project objective is to develop a contract strategy and tender specification to deliver and maintain a modern 
integrated NTCC and TMS which will meet the needs of the Infrastructure Manager (IM) and Railway Undertakings 
(RUs) in the foreseeable future, accounting for the existing network service levels and envisaged service level 
increases associated with planned and proposed infrastructure developments and enhancements. 

The purpose of the TMS is to run services to all destinations, to the live timetable, whilst identifying and minimising 
potential service disruption with the highest degree of autonomy and minimal Signaller intervention. 

2 BUSINESS REQUIREMENTS 

Technology and system functionality are factors most often at the forefront of people’s minds when considering 
the implementation of a new TMS.  However, consideration of the opportunity for change in the business process 
that the new systems will offer is equally, if not more, important. The success of the project will be measured 
against the Business Change process objectives (benefits from the TMS and the extent of changes in working 
practices/efficiencies, etc.)  Much of the success will depend on management of this change and to maximise the 
chances of success stakeholder consultation, and management and user (operator) involvement, needs to be at 
the forefront of the requirements definition phase.  Likely influencers within the business who will embrace the 
change (‘early adopters’ or a ‘super user’) need to be identified.  These people will be part of the team that rolls 
the plan out across the user community.  The migration to a full TMS will transform the way a railway network is 
operated and change the roles and responsibilities of the signalling control system operators.  This Business 
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Change initiative runs far beyond a technology project and needs operator involvement at the outset, so that they 
make the journey with the supplier. 

3 MARKET RESEARCH OF CURRENT TMS APPLICATIONS 

Figure 1 below represents a summary of market research findings with regard to implementations that have 
progressed to operational service in some other countries. In addition to the systems that are now established in 
use, a number of railway administrations have done significant work towards achieving future integrated control 
centres.  Significant reference projects of this type are: 

1. The Network Rail Traffic Management programme, aiming to harmonise the traffic management functions 
and systems across the Great Britain mainline railway system, including signal box modernisation and 
consolidation. 

2. The Denmark Fjernbane infrastructure signalling programme, aiming to replace the TMS and all 
interfacing sub-systems for the entire country by use of a two supplier strategy, East and West. 

3. The RSSB UK Future Traffic Regulation Optimisation (FuTRO) research project which aims to identify 
technologies to support a vision of the rail industry in 2040. 

Recent research associated with the European Commission funded ‘ON-TIME’ (Optimal Networks for Train 
Integration Management across Europe) project has brought together academia, industry and railway authorities 
to suggest an innovative framework for the closed-loop control of railway traffic during perturbations. 

Figure 1 Market Analysis for Service Capabilities 

4 GENERAL APPROACH 

The approach to the development of the tender documentation is summarised in Figure 2, and is based on two 
principal technical and operational work streams, running concurrently.  The output from stage 1 includes 
determination of the NTCC Operational Scope and the User Requirements, which will cover the full scope of the 
NTCC project including main control centre and back-up control.  Stage 2 covers the development of Detailed User 
Requirements and Technical Specification.   

Railway control system procurements are not routine in nature, even where ‘off the shelf’ proprietary products are 
used, because: 
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• Integration (of the product) is unique to the delivery environment 

• Some bespoke application of a supplier’s product may be necessary. 

Figure 2 Methodology and Development of Project Deliverables 

5 CONTRACT STRATEGY 

The procurement and the contract strategies must be linked to ensure the most appropriate procurement that leads 
to most effective delivery.  The strategy has considered: 

• Risk allocation and management 

• The pricing mechanisms available for the Programme procurements 

• The procurement routes available, e.g. Design & Build (D&B), Traditional, Turnkey 

• The procurement approach, e.g. single stage vs.  two stage D&B 

• Incentives (for both Contractor and Employer) 

• Minimum factors required for delivery success 

• The requirement for a long term relationship with the TMS supplier. 

The system requirements (input- and output-specified) cannot be fully finalised until the supplier’s system is known, 
and until work to finalise attainable requirements (e.g. due to the Contractor’s integration approach and migration 
strategy) has taken place during the early design phase. For tender purposes, a Technical Specification based on 
output performance is therefore used. 



Development of a National Train Control Centre – Key Stages and Facets of the Procurement Page 4 of 14 

Design and build is deemed the only viable procurement route due to the nature of the systems to be supplied, 
with a single stage target cost contract with a Gain/Pain sharing approach considered more appropriate than fixed 
price for the TM systems delivery because: 

• The extent of work to be done may not be fully defined; and/or 

• The scope involves the delivery of novel or unique elements; and/or 

• There may be risks that cannot be mitigated in the pre-contract design stages. 

An appraisal of industry standard forms of contract focussing on the model forms that are known to have been 
used globally on railway control system projects concluded that the NEC3 Option C Target Contract (with Gain/Pain 
sharing), which is a collaborative contract (as adopted by Crossrail and London Underground), is the most suitable 
for use in a single stage design and build tendering process.  For the NTCC building a standard fixed price Design 
and Build contract can be used, as this is more suited to construction projects. 

6 NTCC BUILDING DESIGN 

A key consideration for this is the location relative to the Railway Network -  it needs to be centrally located and 
easily accessible to the Railway. In Ireland, the NTCC building will be a purpose-built facility, located in Dublin.  It 
has been designed to accommodate all RU, IM and National Transport Authority requirements, including provision 
of passive space provision to accommodate future schemes. A concept design for the building was developed as 
part of the works.  This included the design of the Operational Control Room and Equipment Room to 
accommodate: existing and new systems and provision of space for possible future use with the capacity to provide 
a truly integrated transport control facility.  

7 OPERATIONAL REQUIREMENTS AND MAIN CONSIDERATIONS 

7.1 Concept of Operations (CONOPS)  

A CONOPS can be developed through a series of structured workshops with both internal and external (i.e. RU) 
stakeholders, and defines the vision for the future Traffic Management (TM) for railway operations including: 

• The future operational roles 

• The envisaged processes used within traffic management 

• The functionality of the supporting traffic management system.   

A CONOPS is both an analysis and a formal document that describes how an asset, system, or capability will be 
employed and supported.  It is developed to bridge the gap between the Business Need Statement and the 
Requirements Specification. The following sections summarise the main operational considerations. 

7.1.1 Roles

The introduction of new control technology provides an opportunity to define what the future operational roles 
should be; the following options can be considered: 

• Combine Safety Critical Roles: Signaller & Electrical Control Operator 

• Combine Signaller and Information Co-ordinator Roles (generally, dealing with non-safety/passenger 
information) 

• Combine Non Safety Critical Roles: Information Co-ordinator and Regulator 

• Combine Signaller and Regulator Roles. 

The combining of the Signaller and Regulator roles is perhaps the most likely option.  Any decision to combine 
roles will necessitate a full staff/union consultation and change in operational procedures; this is a key component 
of operational readiness and it would be subject to a CSM significance assessment and, most likely an AsBo 
assessment if deemed ‘significant’. 
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7.1.2 Control Room Design and Layout 

The development of the design should be based upon best practice principles identified in ISO 11064, including 
user-involvement, iterative design and development process, and risk-control measures process. 

There is a view that a modern, fully integrated control facility works most efficiently when staff are co-located in the 
same area.  Banedanmark Suburban Railway Control Centre (‘S-bane’) in Copenhagen is an example of a fully 
integrated unit. The operation shows (using UK terminology) Signallers, Regulators, Train Operator Company 
(TOC), Signalling & Telecom staff and other back-office functions on the same floor (albeit on slightly different 
levels). The general working culture in Scandinavia, places more emphasis on collaboration, trust, and openness. 
In the UK, Network Rail is also considering ‘integration’ of the route control, supervision, management, and 
planning functions, in one technological package.

7.1.3 Signaller Boundaries and Workload Study 

The boundaries of each signaller area should be agreed based on interlocking boundaries and geographic control 
areas.  An initial SEU count can then be established per signaller.  This leads to a provisional number of signaller 
desks being identified.  Following this a workload study can be carried out for each signaller location.  Workload is 
the interaction between the requirements of the task, the circumstances under which it is performed and the skills, 
perceptions and behaviours of the operators.  Specifically, in relation to signallers it includes: 

• The number and combinations of tasks that a signaller has to complete 

• How and where they are completed 

• The urgency and accuracy with which activities have to be performed in order to ensure both safety and 
organisational performance targets are met. 

The following workload tools can be used to model future predicted workload: 

• Operational Demand Evaluation Checklist (ODEC): Provides an indication of the operational demand 
upon the signaller given the complexity of the signalling area.   

• Time Pressure Assurance Method (TPAM): Predicts how much of the signaller’s time is occupied over 
a given period based on the number and type of activities that they have to perform. 

• Workload Principles Tool (WPT) the scenarios investigated included normal, perturbed and degraded 
(e.g. system failure).  When used in conjunction, the output from these tools combines to develop a 
profile of a signaller’s workload for each proposed boundary of control during normal day-to-day 
operation with routine levels of perturbation. 

The objective is that operators should be able to perform their tasks in a sustained manner without excessive 
workload, exceptional time pressure or significantly reduced levels of alertness, whilst minimising the need for 
novel actions or procedures.  The design of the workstation Human Machine Interface (HMI), for example, should 
incorporate the control & monitoring functions of the TMS / external systems to provide an integrated user HMI. 

7.1.4 NTCC Training & Competency 

To ensure safe and efficient operation of the re-controlled network during any transition phase and in the final 
operational arrangements, a comprehensive training programme will be needed. This should cover: 

• Novel control system and associated technology 

• New operational rules and instructions 

• New or altered operational processes, e.g. operational planning, track access, delay attribution, 
information management 

• Any specific/unique elements of the transition/migration phase (e.g. temporary reduced functionality, 
temporary special instructions). 
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7.1.5 Operational Planning Documentation 

A complete review of the Operational Planning documentation is required for accuracy, currency, and 
completeness, particularly the Permanent Timetable and the Rules of the Plan.  The completeness and accuracy 
of ‘Base Plan’ or Permanent Timetable data is essential for Automatic Route Setting (ARS), to enable it to correctly 
identify and efficiently regulate trains.  Likewise, the accuracy and quality of data (values and parameters) specified 
in the Rules of the Plan will be key to the efficacy of the ARS and timetable management function.  This workstream 
should be started as soon as practicable post contract award. 

8 TECHNICAL SPECIFICATION & KEY CONSIDERATIONS 

The technical requirements were established through a combination of structured workshops with all stakeholders, 
documentation reviews and first principles considerations from operations, asset management and engineering 
lifecycle perspectives.  The majority of the Principal Requirements place process requirements upon both the 
Employer and the Contractor and are included to give as complete a requirements statement as possible. 

Requirements need to be drafted so as to be necessary, attainable, measurable and testable, complete, consistent, 
unambiguous, accurate and traceable. 

The system requirements cover the functional, non-functional and performance requirements and design 
constraints for the system to be delivered. 

The Traffic Management core systems deliver the main systems functionality – these are referred to as Service 
Capabilities, and are summarised in Figure 3. 

The remainder of this section outlines the considerations and suggested approach to key aspects of this system 
development. 

8.1 Design Information 

The suppliers of the TMS will require validated design information regarding the interlocking systems (data, 
communications, operational principles, scheme plans, control tables, existing operational concepts, etc.) to enable 
the safe re-control of the infrastructure.  As much validated information as possible should be provided with the 
tender documents to minimise the assumptions (and costs) made by tenderers and de-risk the project. 

8.2 Data Provision

The following base data needs to be provided (ideally within the tender documents, or as soon as practicable post 
contract award): 

• Traffic Management Operational Concept – normally a business led activity, required early in the 
procurement process. 

• Integrated Project Plan – to ensure alignment between this project and any interfacing / adjacent / 
parallel projects that may cause an impact on the rollout of Traffic Management (and vice versa). 

• Possessions / Access – requirements for possessions / access to the infrastructure (trackside and 
control centre) in line with the agreed project programme. 

• Human Factors –  support to manage the HF design and approval process with the system users. 

• An interface control document for the legacy equipment (all inputs / outputs for the legacy systems). 

• Communication Network – upgrades / changes as required to the communications transmission 
networks if / where applicable. 

• The availability of purchaser resources with appropriate skill sets necessary to enable the design, 
development and implementation of the project. 
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Figure 3: Service Capabilities 

8.3 Interfaces

The migration from the old CTC to the new NTCC will require the new TMS system to re-control many existing 
legacy systems, each of which will usually involve operation across an existing technical interface.   
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In some cases, an existing interface may have to be upgraded or completely replaced, and in other cases 
completely new interfaces may be required.  The interfaces need to be well defined and understood, especially the 
legal complexity around ownership of communications protocols.  Also, interlocking data needs to be updated to 
allow for ARS type functionality (e. g ARS sub-areas & latches and Train Operated Route Release); this can be 
costly and time consuming and should be considered when scoping the project.  The document should be explicit 
as to who is responsible for providing these data changes to ensure consistent tenders.  The following key 
information will need to be specified for each legacy system: 

• Where the interface is proprietary and the specification is unavailable, a statement of how the purchaser 
proposes to address this, e.g. replace the system, provide a ‘translation interface’, etc.; 

• Information about the physical implementation of the interface, e.g. type of connection; 

• Information about the non‐functional requirements of the interface, e.g. timing constraints; 

• Availability of an emulator/test harness for the interface and / or actual equipment; 

• Interface details for train information systems. The UK application of TMS uses a system called LINX, 
to form an interface between the TMS and all the other UK Rail information systems that require access 
to real time running data. 

• Additional applications already available today which may be of interest and require interfacing to a TMS 
solution including social media, cloud-hosted data collection and analysis tools providing KPIs to predict 
and prevent failures, etc. 

8.4 Systems Integration

The integration of a TMS to deliver a fully functional Operational Control Centre relies on the following:   

• Appointment of a nominated Prime Systems Integrator (PSI) with technical and commercial 
responsibility for end to end system delivery, operating across a number of legacy system interfaces; 

• Appointment of a nominated design authority accountable for all technical and commercial decisions 
related to the design; 

• Clear and documented state of systems, required at commencement of the procurement exercise to 
establish a contractual baseline.  Notionally this is the infrastructure owner's responsibility. 

TMS suppliers are generally reticent to take on the role of PSI and will require a considerable risk premium for 
doing so! It is considered that where practicable, the purchaser acts as PSI, based on the following: 

• They have contract and commercial agreements in place with all legacy system suppliers. 

• They have expertise in what the system should provide, the end system use & how it should perform. 

• In the event that the Supplier is prepared to undertake the role, there will be a significant risk premium 
price added to the tender and also heavily caveated bids, plus there will still be a heavy reliance on 
purchaser support when required, adding further risk to the project.   

• There is a risk that some bidders may choose not to bid if they are mandated as PSI. 

• If the purchaser agrees to undertake the role of PSI, then appropriate technical and operational 
resources will need to be mobilised as soon as possible. 

8.5 Back-Up Facility

Whether to adopt a back-up facility is based on a number of considerations, primarily the social and political risk 

to business continuity of primary Control facility failure. Typical Failure Scenarios for a centralised NTCC are: 

• Loss of availability of primary control system (including its specific power supply within NTCC building) 

• Evacuation of NTCC facility. Note: different causes could result in in evacuation for short (30 minute) or 
medium term (2 hours to 3 days).  

• Complete loss of NTCC for long term (1 to 12 months), e.g. due to fire or explosion  

• Planned shutdown of primary control system for maintenance 
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Although the research and market opinion indicates that in general, a fully duplicated back-up control facility is 
rarely provided, there are still many options for their provision. There is a need to clearly define the scenarios in 
which the proposed back-up control facility is expected to operate, to ensure it is fit for purpose without being over-
engineered, and to avoid suppliers interpreting the requirement in significantly different ways.   

For each possible back-up strategy, a number of factors (e.g. system costs, building costs and staffing, and typical 
failure scenarios) need to be considered.  A risk assessment of each of the possible back-up strategies should be 
undertaken (note this is the performance of the core TM system and some of its interfaces, not the overall ‘end to 
end’ performance of the control system that may include other legacy systems), where the risks of a number of 
key issues associated with a strategy are assessed by considering their likelihood and probable impact.  This can 
be used to judge the tolerability of the risk for the ‘No Backup’ strategy.  The tolerability of risk and effectiveness 
(in terms of risk reduction) for the other strategies can be judged against this.   

In this analysis it can be assumed that a high availability (>99.9995%) and low Mean Time To Repair (MTTR) (60 
minutes) are specified for the TMS, including its specific power supply within the NTCC building. The availability 
and maintainability figures are based on the typical requirements placed on European TM systems and accepted 
by suppliers. 

The ‘No Back-up’ strategy could be estimated to result in the following within the lifetime of the system: 

• One or two outages of perhaps one or two hours, requiring degraded working and resulting in significant 
delays across the network 

• Probably no extended outage — an extended outage would be exceptional. 

Other considerations are: 

• TMS functionality in both the primary and back-up facilities should be the same, since reducing the 
functionality in the back-up facility would not reduce the overall cost, as the main costs are associated 
with the hardware and development. 

• The running costs of the back-up facility should be taken in to account. 

• There may also be a merit in considering ‘cloud-based solutions’ for system control. 

• One option could be to provide extra workstations primarily as a training simulator in a separate location, 
which could be used for network control in the event of an evacuation of the NCC. It should be noted 
that this would not be an effective back-up if the primary control system failed, but it would mitigate the 
main threat of evacuation of the building. 

• The Back-up should be fully operational within 30 minutes of the loss of the main control 

8.6 Migration Plan

In any undertaking of this nature, there is a significant amount of work to be done in regard to operational readiness 
in its widest sense.  Operators are likely to face difficulty in running an operational readiness programme at the 
same time as doing their day job.  It is suggested that a separate mini-project work stream is set up to address the 
Operational Readiness issues as early as possible in the project.  Our experience of other TMS implementations 
shows us that a major issue is not technical change but culture change; this is partly to do with Signallers not 
engaging in the new role of ‘managing traffic’ as opposed to ‘signalling trains’.  That culture change is something 
that has to be engendered largely from within an organisation.  For example, in Denmark the Train Operator 
includes the ‘philosophy’ behind the rules/systems changes in the signaller training modules. 

Some assessment of the operational risks entailed in the changes within the scope of the NTCC migration should 
also be undertaken.  For example, an impact assessment report, or equivalent, should be performed from an 
explicit railway operations perspective on the effect of the changes to be made in co-operation with Human Factors 
specialists.  This should determine that the equipment and functions to be introduced can be used safely, efficiently, 
and in compliance with the concept of operation and ergonomic principles.   

Operational training should be provided as early as possible and at different stages.  A review of existing safety 
critical documentation is required, including affected sections of the Safety Management System, to ensure 
alignment of management safety responsibilities with the new situation in the NTCC and potential relationship 
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changes with the Railway Undertakings.  The operating manual(s) are part of the new system Supplier(s) technical 
delivery and a user resource should be identified with responsibility for harmonisation between the content of the 
manuals and the content of Operational Rules or Instructions.   

Many possibilities for the phased transfer of control to the new NTCC may be envisaged, each influenced by 
various operational and technical factors.  The following are the main factors and key considerations considered 
to de-risk the transfer of operational control. 

• A staged approach is recommended, starting with low risk lines/areas or a pilot line (Early Deployment).  
This could start with reduced functionality, having a low risk and a viable fall-back strategy.  This can be 
followed by a rollout phase.  This approach allows for system functionality to be demonstrated against 
a development focussed contract with the rollout delivered under a more delivery focussed contract.  It 
should be noted that if the project is implemented incrementally, it is likely that during the migration 
phases two sets of Rule Books and Instructions, etc., will be in operation in different control areas at 
any one time.  Thus steps need to be taken to ensure harmonisation and alignment of the separate 
operational rule sets. 

• Shadow running alongside the existing system may be beneficial to facilitate user acceptance testing in 
the operational environment, after which final commissioning of the system would take place. 

• Each stage should be reversible up to the point of commissioning, but once commissioned it may no 
longer be reversible. 

• There is a benefit in commissioning the training simulator well in advance of the first workstation 
commissioning.  This could be used for testing and validation purposes, particularly for the TMS ‘in 
service’ period post commissioning, when the purchaser may have to use it to test minor changes to 
layouts, etc.  It would also allow them to perform database updates/alterations to the TM system. 

• Experience to date has demonstrated that maximising off-site testing minimises disruptions to the 
operational railway whilst optimising the use of critical testing resources across the programme. 

• It is also important that pre-testing against approved (and correlated) interlocking data / functions is 
undertaken before the system is commissioned into service.   

• It is not considered practical to attempt to sub-divide an interlocking control area into smaller sub-areas.  
Therefore, any migration of control to a new workstation must include complete interlocking areas within 
Operational control boundaries. 

• The availability of resources with appropriate skill sets necessary for the enablement of the design, 
development and implementation of the project, in particular for testing at the required stages. 

8.7 Safety Approval

The Independent Safety Assessor (ISA) should be appointed as early as practicable in the project.  It is logical for 
the supplier of the TMS to appoint its own ISA to assess its scope of work, but there are potential benefits if the 
same independent assessor assesses the whole project scope to provide efficiency and consistency. 

The underpinning legislation in the European Union is the Common Safety Method on Risk Evaluation and 
Assessment (CSM RA).  There are potential benefits in appointing a single body as ISA/AsBo early in engagement, 
to facilitate issue of a timely safety plan. 

An overarching NTCC Application Specific Safety Case is required to combine the TMS and Legacy System Safety 
Cases, and provide a holistic safety argument for the Authorisation to Place into Service application. 

8.8 Safety Integrity Level 

The development of the system should comply with EN50126, EN50128 and EN50129.  Risk analysis should be 
done to determine Tolerable Hazard Rates and allocate an appropriate SIL to each TMS function. 

The cost of functionality with a Safety Integrity Level (SIL) is usually high, both in terms of initial purchase and the 
cost of change.  Therefore, segregation of SIL and non‐SIL functions within a TMS is critically important.   
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A TMS supplier with a system that has modern IT architecture will be able to demonstrate the segregation of SIL 
and non‐SIL functions and the ability to modify or change SIL functions by module whilst not impacting the 
remainder of the existing TMS SIL approval. 

8.9 Cyber Security 

In order to ensure a system is fully secured (including organisational considerations) the National Institute of 
Standards and Technology (NIST) cyber security framework has 5 high level principles: Identify, Protect, Detect, 
Respond and Recover.  There is a tendency to focus on the protect principle, but all principles should be addressed 
as part of a cyber strategy. 

A TMS will need to integrate with a variety of other systems to provide an overall solution.  This will inherently 
expose the overall TMS solution to a variety of security threats and risks.  Security and safety management have 
many similarities, being risk driven processes that require the identification, treatment and acceptance of any 
residual risk.   

All systems must manage and mitigate their security risks.  Most Traffic Management systems will utilise an open 
communication network.  The impact of this needs to be understood and the mitigations correctly allocated to the 
system suppliers and infrastructure manager to avoid hidden costs. 

Standards for applying security within industrial control systems are addressed in the series of standards specified 
in IEC 62443.  The reference architecture specified in IEC 62443 requires security in a distributed system to be 
considered through the concepts of security zones and security controlled communication conduits.  Therefore, 
achieving cyber security protection and breach detection within a TMS solution requires a security architecture to 
be established.  Appropriate security controls and counter-measures are then deployed at appropriate levels within 
the architecture to achieve both defence in depth and in breadth.   

The key issues around achieving cyber security for a TMS utilising an open communications network include: 

• security governance 

• security architecture 

• information asset management 

• access control 

• accounting and auditing 

• controls against malicious software 

• network controls 

• interfaces & connections to external systems 

• backup and restore 

• archiving and legal retention. 

Security activities should be integrated within the product development and project delivery lifecycles with the 
objective of being IEC 62443 compliant.   

8.10 Acceptance Criteria 

The tender requirements should include a schedule of deliverables for each stage of the project.  Acceptance of 
each stage is then measured against these deliverables under the contract.  Eight stage gates are suggested 
covering Project Mobilisation, Preliminary Design, Detailed Design, Final Design, Procurement and Manufacturing, 
Installation, Testing and Commissioning and system acceptance. 

9 MAINTENANCE 

For maintenance a contractual arrangement that binds the supplier to a long term relationship is required. 
Therefore, a Maintenance Support Services (MSS) contract is proposed that will follow the supply contract for the 
System. It is further proposed that because of key obligations on the supplier that arise in the supply contract for 
the System and which should carry through to the MSS contract, the two contracts are linked and together form 
the entire agreement with the preferred supplier of the System. In summary, it is: 

• A bespoke form of contract for support services to be provided by NTCC systems supplier. 

• Does not provide physical maintenance, only support and technical services and spare parts. 

• Commences on the end of the defects liability period that follows certified completion (‘warranty period’) 
of the systems supply contract. 
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• The term of the MSS contract is proposed as being an initial term of 10 years.  However, should it be 
required, the term could be extended to match the life of the System (assumed as being 20 years). 

• The scope of services and price can be reviewed at Years 3, 5 & 7. 

• The contract’s core service is a fixed price lump sum (the “Fixed Charge”) over its full term.  Non-core 
services, provided as / when required, are outside of the Fixed Charge and are additional cost. 

• The contract will contain a priced spare parts list and priced schedule of resource rates for the non-core 
services.  The payment and incentives mechanism is yet to be decided. 

The Maintenance Support Service contract may be priced in two different ways: 

• A fixed price lump sum (Fixed Charge) over the term of the contract for all services excluding On-site 
Technical Support and Training Services 

• Cost reimbursable for On-site Technical Support based on call-off hourly or daily rate basis. Training is 
provided as and when required at additional cost against agreed rates 

The scope of services is illustrated in Figure 4. 

Figure 4 Scope of Maintenance Support Services 
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10 EARLY MARKET ENGAGEMENT 

This is part of a formal procurement process and it is undertaken in advance of a planned procurement competition. 
This process provides prospective tenderers with background information on the current rail network and scope of 
the Project.  The key benefits of this approach are: 

• To take ideas from the engagement that influence system requirements and commercial approach. 

• Suppliers will have a comprehensive understanding of what is being procured.  This understanding is 
carried through to the tendering stage and can enable quick mobilisation on contract award. 

• Suppliers’ confidence in the Employer and its delivery organisation is enhanced: an important 
consideration for suppliers when deciding on whether to bid or not.  (suppliers in this market have been 
known to decline to bid when they fail to understand what is required by an Employer or consider a 
scheme’s requirements as not having had a sufficient degree of definition by them). 

Figure 5 illustrates the typical outputs from the Early Market Engagement (EME) exercise. 

Figure 5 Value added by Early Market Engagement 

11 CONCLUSIONS AND RECOMMENDATIONS 

This paper has outlined the key areas, considerations and learning points in developing a procurement strategy 
and technical specification for an NTCC 

NTCC using integrated TMS.  The following summarises the main areas that should be considered during the 
project development phase. 

• Business Requirements: The Business Change required, and any additional opportunities for change 
that might aid efficiency in the running of the railway, need to be planned at the outset to get most benefit 
from the investment. Much of the success of the project will be dependent upon the way this change is 
managed and upon early involvement of the operators in the design and development of the solution in 
conjunction with a fully integrated business change programme running concurrently with the TMS 
design and implementation. 

• Contract: Design and build is deemed the only viable procurement route.  An appraisal of industry 
standard forms of contract concluded that the NEC3 Option C Target Contract (with Gain/Pain sharing), 
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which is also a collaborative contract (as adopted by Crossrail and London Underground), is the most 
suitable for use in a single stage design and build tendering process.   

• Operations: There is a view that a modern fully integrated control facility works most efficiently when 
staff are co-located in the same area.  It is suggested that a mini project is set up as a separate work 
stream to address the Operational Readiness issues as early as possible in the project.  Culture change 
is a major issue and has to be engendered largely from within an organisation.   

• Back-Up Facility: The decision to adopt a back-up facility is based on a number of considerations, 
primarily the risk to the business continuity (social and political), of a failure of the primary Control facility. 
If chosen a back-up facility will typically offer partial functionality, enabling all Mission Critical Activities; 
be geographically diverse from the primary control facility, but not utilise dispersed control; and enable 
full control of all areas of the Network, with capacity sufficient to operate normal service.  There may 
also be a merit in considering ‘Cloud based solutions’ for system control. 

• Migration: A staged approach to migration is recommended, starting with low risk lines/areas or a pilot 
line.  This can be followed by a rollout phase.  This approach allows for system functionality to be 
demonstrated against a development focussed contract with the rollout delivered under a more delivery 
focussed contract.  Shadow running alongside the existing system may be of benefit to allow user 
acceptance testing to take place in the operational environment, after which final commissioning of the 
system would take place.  Each stage should be reversible up to the point of commissioning, but once 
commissioned it may no longer be reversible. 

• Interfaces: The interfaces need to be well defined and understood, especially the legal complexity 
around ownership of communications protocols.  The recommendation is that the purchaser is 
responsible as the Prime Systems Integrator. 

• Safety and Security: The Independent Safety Assessor (ISA) should be appointed as early as 
practicable in the project.  It is logical for the supplier of the TMS to appoint its own ISA for its scope of 
work, but there are potential benefits if the same ISA assesses the whole project scope to provide 
efficiency and consistency. A TMS supplier with a system that has modern IT architecture will be able 
to demonstrate the segregation of SIL and non‐SIL functions and the ability to modify or change SIL 
functions by module whilst not impacting the rest of the existing TMS SIL approval.  Achieving cyber 
security protection and breach detection within a TMS solution requires a security architecture to be 
established.  Appropriate security controls and counter-measures should be deployed at appropriate 
levels within the architecture to achieve both defence in depth and defence in breadth.   

• Risk Management: For the TMS system invitation to tender, and subsequent management of the 
contract, the client must determine the risks it is best placed and prepared to take on.  This will enable 
the contractor to estimate the risk contingency budget and will also serve as a starting point for 
collaborative risk management.  The description of each risk needs to be unambiguous. 

• Maintenance: A bespoke form of contract for support services can be provided by the NTCC systems 
supplier. It does not provide physical maintenance, only support and technical services and spare parts. 
The contract’s core service is a fixed price lump sum (the “Fixed Charge”) over its full term.  Non-core 
services, provided as / when required, are outside of the Fixed Charge and are additional cost. Also 
because of key obligations on the supplier that arise in the supply contract for the System and which 
should carry through to the MSS contract, the two contracts are linked and together form the entire 
agreement with the preferred supplier of the System.
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