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SUMMARY 
The challenges of replacing an entire Signalling System in an operational railway are complex, particularly while 
maintaining uninterrupted normal train service. In 2011 SMRT Trains embarked on a project to replace its ageing 
Signalling System for the North-South and East-West Lines (NSEWL), replacing a Relay-Based Interlocking (RBI), 
Fixed Block (FB) Signalling System with a Computer-Based Interlocking (CBI), Communications Based Train Control 
(CBTC) System. The technologies and equipment being vastly different, a proof of concept phase is required to 
demonstrate that the new equipment is compatible with the existing Railway radio-based systems as well as the 
appropriateness of the equipment and feasibility of the proposed implementation details.  

The project is further complicated by three other concurrent major systems modifications involving the Signalling 
System that are being implemented at the same time: the Western corridor of the network is being extended by the 
Tuas West Extension (TWE) Project; the existing Operations Control Centre (OCC) at Victoria Street (VSO) will be 
relocated to a new OCC at Kim Chuan (KCO) and a new Standby OCC (SOCC) is being constructed on the Eastern 
section of the railway along the Changi Airport Line.  

This paper discusses the strategy, risks and mitigation measures to address the above requirements as well as the 
migration considerations to ensure very minimal if not nil impact to train service. A summary of the technical solutions 
is presented. A brief discussion is also included on the coordination and logistical challenges in implementation, 
testing and commissioning of the systems. The paper concludes with a discussion on the merits of the chosen 
technical solutions and proposes areas for improvement for other projects of similar nature. 

1 INTRODUCTION 

The need for renewal of SMRT’s North-South and East-West Lines (NSEWL) was mooted as early as the beginning 
of 2000. However, feasibility studies carried out then did not find sufficient justification for the renewal. But by 2010 
it was evident that the ageing Signalling System was due for renewal and decision was made to embark on detailed 
feasibility study to establish the best strategy for that.  

This Resignalling Project is by far one of the most complex projects undertaken by SMRT Trains on the operational 
railway. The NSEWL serves as the main backbone for the transportation needs of the nation and thus requires 
replacing an entire operating System while at the same time maintaining passenger service. The Signalling System 
being one of the vital systems crucial to safety as well as provide interface to other systems critical to the operation 
of the railway. Information from the Signalling System is required for the Train Radio System (TRS); Passenger 
Information System (PIS); Platform Screen Doors System (PSDS); and other performance and equipment monitoring 
systems. 

1.1 Choice of Technology  

At the genesis of SMRT’s Resignalling Project a comparative survey was conducted as to the most viable system or 
technology to employ to achieve the desired goals. What was certain is the fact that the existing Legacy Fixed Block 
Signalling system has reached the limits of its capacity to fulfil the requirements of the operational railway. The choice 
of systems for the Resignalling project was thus driven by the operational (increased capacity that can support 100 
seconds operation headway with minimal runtime and optimal energy consumption) and maintenance 
(obsolescence) needs. At the time of formulating the requirements for the Resignalling project, Communications 
Based Train Control (CBTC) was identified to be one of the more cost-effective technologies to achieve the goals 
that SMRT desired. 

After an intensive tendering exercise, the contract was awarded to Thales Canada Transportation Solutions. 
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1.2 Project Challenges  

The Resignalling project is one of the major renewal works being carried out in the nation’s oldest metro line, along 
with replacement of the Supervisory Control System; the Communications System; Permanent Way Sleepers and 
Rail and the Power Systems. One would not be too farfetched to say that the railway is being reconstructed, while 
passenger service is expected to continue as per “normal”. This poses a tremendous challenge as the working 
window for these engineering works is limited to less than four hours daily and the competing demands from the 
various parallel renewal works. 

2 RESIGNALLING NSEWL 

2.1 Scope of Work 

The SMRT NSEWL mainline consists of one operations Control Centre (OCC) and fifty-four stations (plus three 
online substations – pseudo station with Signalling Equipment Room (SER)). There are three depots including one 
with a test track, maintenance and training facilities. The existing legacy fixed block signalling system in the mainline 
will be replaced with a Communication Based Train Control (CBTC) system. The whole mainline Signalling System 
and the Automatic Train Supervision System (ATSS) for both mainline and depots are required to be replaced. The 
legacy relay based signalling systems in the existing depots were deemed to be sustainable and hence not included 
in this project. However, part of the depot will be equipped with the CBTC equipment for enabling automatic launching 
of trains.  

Along with this Resignalling, the existing Victoria Street OCC (VSO) operation will be relocated to Kim Chuan. This 
new NSEWL Kim Chuan OCC (KCO) will be the main control centre for the NSEWL upon completion of the 
Resignalling Project.   

In parallel with the Resignalling Project the East-West Line (EWL) is being extended to Tuas in the Western section 
of the railway, which commenced passenger service operation on 18 June 2017.  

Also in similar time frame an Integrated Operations Control Centre (IOCC) is being constructed on the Eastern 
Section of the railway. 

Figure 1: The North-South and East-West Lines. 
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2.1.1 Tuas West Extension (TWE) 

This 7.5 kilometres extension to the EWL comprises four new stations and a depot with a new test track, as well as 
new train sets that will be single fitted with the new CBTC signalling system. The construction, installation, testing 
and commissioning of the TWE is basically independent of the existing Legacy Signalling System except for the 
interfacing station Joo Koon (JKN) at the Western end of the EWL.  

This extension of the EWL will be fitted with CBTC equipment both in the mainline and the depot. However, the 
principle of operation will be essentially the same as for the rest of the NSEWL, but without the full legacy system in 
place. There will be track circuits for secondary train detection in the mainline and primary train detection for the 
depot (TWD). Computer based interlocking (Thales Poste de Manoeuvre à enclenchement Informatique [PMI] 
System) will be used both in mainline as well as in the depot.  

Figure 2: The Western end of the EWL view from Tuas Link Station with the TWD on the right of photo. 

The main difference between TWE and the rest of NSEWL is the absence of the Legacy Signalling System. This 
poses a challenge at the VSO as the existing Legacy System has no interface to TWE and is visible only via the 
CBTC System. The added complexity in this instance is the need to put into operation the TWE ahead of the 
completion of the EWL Resignalling work. As the TWE CBTC Signalling is incompatible with the Legacy Signalling, 
a seamless migration approach was necessary to ensure minimal impact to the Train operation.  

For the TWE, interfaces between the CBTC and Legacy Signalling Systems are required at the Train and Control 
Centre levels. For trains to operate along the EWL and TWE, they will need to be dual (CBTC and Legacy) fitted. A 
seamless switching strategy is necessary to practically enable trains to serve EWL and TWE.   

2.1.2 Integrated Operations Control Centre (IOCC) 

The Integrated Operations Control Centre is a co-located complex housing Standby Operations Control Centres 
(SOCCs) for all the major metro railway lines in Singapore, (the Circle Line (CCL), North-East Line, Downtown Line, 
Thompson Line and NSEWL). The SOCCs are independent of each other and operated by the Operators from the 
respective lines. The IOCC is located adjacent to the Expo (XPO) station on the Eastern corridor of the EWL.  The 
Signalling System NSEWL SOCC at the IOCC is of similar configuration as the main NSEWL Kim Chuan OCC (KCO) 
but with 10 Operator’s workstations that is sufficient for fall back control purpose when needed. 

2.1.3 Maintenance Operations Centre (MOC)  

Figure 3: The MOC in BSD. 

This MOC, located within BSD, was created as part of 
SMRT rationalisation of the Operations and 
Maintenance functions. It was decided that a separate 
monitoring and command centre for coordination of 
maintenance activities would allow better focus and 
improve efficiency for the various maintenance 
disciplines. It is fitted with two ATSS workstations that 
allow the MOC Operators to monitor train operations and 
system health. During the systems deployment stage, 
the MOC facilitates monitoring of system performance 
and investigation of systems availability and reliability 
issues. 

These two Signalling workstations in the MOC will ultimately be for monitoring the Signalling System network as well 
as monitoring train operation and system performance.  
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2.2 Proof of Concept 

The Proof of Concept (PoC) exercise serves to establish the compatibility of the equipment to be overlaid over the 
existing Signalling equipment, as well as verify any interference issues upon other existing radio based equipment 
used in the railway. The section of the railway from Tanah Merah (TNM) to Changi Airport (CGA) was identified for 
PoC demonstration. The rationale for selecting this section of the railway is that it presented an excellent platform to 
evaluate the new equipment in every possible operating environment present in the NSEWL. TNM being an 
interchange station; above ground section between TNM and Expo (XPO) station; transition between above ground 
and underground section between XPO and CGA; interface between Changi Depot (CHD) and the mainline; and 
turnaround terminal station at CGA (and TNM).  

Figure 4: The Proof-of-Concept Section of NSEWL. 

This main objective for this PoC exercise is to: 

i. Demonstrate installation methodology for both wayside rooms and guideway 
ii. Demonstrate methodology for integration and commissioning testing  
iii. Conduct a complete set of commissioning and acceptance testing for all system core functionality 
iv. Demonstrate and validate operation of Cut-over-Cubicle (CoC) 
v. Demonstrate use of Shadow Mode Testing 

The exercise first involves a design evaluation to 
ascertain compliance to the prevailing standards 
applicable to Singapore operating environment and the 
feasibility of the proposed design. Emphasis was placed 
on the equipment that is required to coexist and operate 
within the existing SER; the Train borne equipment 
cabinets as well as under-carriage; and along the 
trackside. 

A Temporary OCC (TOCC) was set up in Changi Airport 
SER and this served as the control centre for the PoC 
testing and coordination.  

Figure 5: The TOCC in CGA SER. 

Although the initial idea was to set up launching facility from Changi Depot (CHD), this was subsequently not 
carried out due to limitation of time for the significant modification to the depot interlocking and wayside equipment 
installation. 

The PoC exercise not only provided an opportunity for SMRT to assess the equipment supplied but also enabled 
the operator to familiarise with the core functions and behaviour of the CBTC systems. Train operators could 
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familiarise with the onboard equipment while to some extent OCC and Station operators were able to experience 
some of the workstation human-machine interface (HMI). The PoC exercise additionally provided the Contractor 
an opportunity to fully understand the constraints and considerations for the installation of the new equipment in 
the NSEWL railway environment. This facilitated development of feasible and practical safety, installation and 
testing procedures. Additionally, it facilitates SMRT in working closely with the Contractor to develop practical 
design solutions for the equipment to address maintenance and operational needs. 

The exercise also enabled the Contractor to verify and test safety operating procedures onsite as well as help 
identify potential hazards that were not identified in the preliminary HAZOP exercise. 

2.3 Implementation 

One of the major challenges was the 
migration of the systems from legacy 
to the CBTC. The aim was to 
minimise, if not eliminate, any 
disruption to passenger service while 
migrating over to the CBTC system. 
This makes it necessary to continue 
operating the legacy systems while 
the new system is being installed, 
tested and commissioned. It is 
therefore necessary to overlay the 
new equipment over the existing and 
ensure that they can operate 
concurrently and independently of 
each other. 

                  Figure 6: SMRT NSEWL 
CBTC System Architecture. 

To optimise implementation time, a parallel deployment strategy was adopted. The Data Communications System 
(DCS) infrastructure was first installed concurrently; the new wayside equipment was installed in the Bishan Depot 
(BSD) Test Track to fine tune the installation details before actual installation commenced first at the POC section 
of the railway. At the same time train borne equipment was installed on the first train also in BSD where such major 
engineering work are carried out. 

A phased implementation strategy was adopted to ensure that sub-systems are progressively proven before 
proceeding to system wide deployment. This phased implementation approach allows progressive build-up of 
confidence and management of risks arising from unknown factors that may not be identified at the initial site 
assessment and design level. Before any installation was carried out in the mainline each equipment type was first 
installed in the test track (TT) in BSD and relevant tests conducted. Of prime concern was the introduction of the 
Signalling radio equipment and the potential impact to existing operating equipment.  

Figure 7: The NSEWL Resignalling Phased Implementation Strategy. 



Challenges in Implementing a New Signalling System Replace an Existing Signalling System While Maintaining Normal Train Service.
Page 6 of 16 

2.3.1 Control centre systems 

The original UNIX based ATSS was renewed in 2003 (to support the increasing operational needs) with a Windows 
NT based system, which is now obsolete and increasingly difficult to source support for. Hence this existing ATSS 
will be replaced together with the rest of the Signalling Systems. A new Control Centre has been identified at Kim 
Chuan and this Kim Chuan Operations Control Centre (KCO) for the NSEWL will be operational at the completion 
of the Resignalling project by mid-2018.  

The existing legacy Control Centre at Victoria Street (VSO) will continue to operate until the entire NSEWL 
Resignalling is completed. This makes it necessary to dual fit the Control Room (CR) with the new CBTC ATSS 
equipment i.e. Operators’ Signalling Control Workstations (SCWs). Space is a major constraint as not only the 
Signalling System is being renewed but the other major systems within the CR were also being replaced. As the 
existing System Overview is a hardwired MIMIC Panel display it was decided not cost effective to modify. Overview 
of the railway network is provided using large screen monitors while the existing Mimic display serves as a general 
view of the track circuit status except for the TWE section which is not visible on the existing panel.  

Figure 8: The NSEWL OCC at Victoria Street.

Once the entire NSEWL resignalling is completed, the control centre operations will be relocated to KCO. 
Therefore, to simplify the relocation, all the OCC servers are installed in KCO and a full set of Operators’ SCWs 
together with the new overview display system (ODS) in the control room in KCO. The OCC servers in KCO will 
be operational and initially serves the SCWs in VSO during the operation of the NSL and TWE.  

As KCO is physically located significantly away from the NSEWL in the CCL Depot at Kim Chuan; the DCS fibre 
optic cables are laid along the CCL tunnel between the CCL-NSEWL interchange stations at Bishan (BSH) and 
Paya Lebar (PYL). 

Figure 9: The NSEWL Kim Chuan OCC (KCO). 

The OCC servers are installed here and for the duration of the operation of NSL and TWE these servers will be 
operational. This KCO will be fully tested and commissioned with the completion of the EWL.  

The NSEWL SOCC at the IOCC which is an underground complex adjacent to Expo station is constructed as part 
of the LTA’s plan to collocate all the SOCC for every major rail line in Singapore. The main idea for this is to 
facilitate coordination, command and control between the lines in the event of major crisis at any one or more of 
the main OCC for the rail lines. 
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Figure 10: The NSEWL Standby OCC (SOCC) at the IOCC. 

2.3.2 Train borne systems  

The train borne systems are required to be fitted in three car electric multiple units (EMUs), with two EMUs (six 
cars) coupled together to form a train consist. There are 141 of such 6-cars train sets ,comprising five types of 
rolling stock (each with slight variation in the equipment details arising from improvements as new rolling stock 
were added to the fleet). Each 3-car EMU is equipped with a two out of two (2oo2) Vehicle On-Board Controller 
(VOBC); each 6-cars train consist has 2 VOBCs, one in each end of the Driver-Trailer (DT) car in a hot-standby 
configuration. These train consists will be driven in Automatic Mode (AM), Automatic Train Protection Mode (ATPM) 
and Restricted Manual (RM) modes. An additional 57 new train consists will be added by 2019.

Additionally, 19 locomotives and a Rail Grinding Vehicle (RGV) are to be fitted with the CBTC system. Locomotives 
will be equipped with only one VOBC. The RGV will be equipped with two VOBCs. The locomotives and the RGV 
will be driven in ATPM and RM modes. An additional 4 new locomotives, an additional RGV and a Multi-Function 
Vehicle (MFV) were added during the project. 

2.3.3 Station and trackside systems  

The fixed-block relay interlocking will be replaced as the operational requirement is projected to exceed the limits 
of this existing legacy interlocking capability. However, the track circuits will be retained as a secondary fall back 
trains detection system supplementing the CBTC system. During the implementation and transition stage part of 
the legacy Automatic Train Operation (ATO) and the legacy ATSS will remain operational in “shadow” mode when 
the system is switched to CBTC control. 

The mainline tracks under the Legacy Signalling are unidirectional except for some crossing and siding areas. In 
the new CBTC Signalling scheme the entire mainline will be upgraded to enable bidirectional operation. 

In this Resignalling Project the existing points (MJ80/81) equipment will remain the same with the point control 
interlocking modified to the PMI-MAU input/output control via Q Style/BR930 type relays. The relay interlocking 
control circuitry will be migrated to the PMI thus eliminating significantly the number of relays required.  

The existing 2-aspects filament lamp type signal heads will be replaced with LEDs type signal heads. Additionally, 
new signals will be installed for bi-direction working. Prior to putting into operation, the new signals are “bagged” 
to prevent confusion to the train operators. 

Figure 11: The New and Old signal head. 

New Signal is “bagged” prior to 
putting into operation Existing Legacy Signal 

New Signal is commissioned 
and put into operation.
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Figure 12 New CBTC Trackside Equipment. 

New trackside CBTC radio equipment such as 
transponder tags and access points (APs) 
comprising wayside radio units (WRUs) and 
radio antennas will be installed. Two types of 
transponder tags were proposed one active type 
and the other passive type. The passive type 
was preferred as it requires minimal 
maintenance. At the platform tracks proximity 
plates are installed for accurate stopping of 
trains. 

In the station control room (SCR) the legacy hardwired signalling control panel (SCP) will be replaced with an ATSS 
workstation for local control. As space in the SCR is limited, the new workstation initially need to be installed at a 
temporary position and repositioned in its final locations upon decommissioning the hardwire panel. 

2.3.4 Depot systems 

The existing depot Signalling is based on relay interlocking single rail track circuits (SRTC) and manual control of 
train movement. The depot signalling will mostly be retained but will require modifications to interface with the new 
CBTC ATSS. There will be some additional CBTC equipment installed within the depot to enable automatic waking 
/ launching of trains from storage mode, automatic route setting based on timetable and testing facilities. Trains will 
however continue to be operated in restricted manual (RM) mode up to the transfer berth at the reception track (RT). 
The transfer berth serves as the CBTC launching location into the mainline. 

Programmable Logic Controllers (PLCs) provide the interface between the existing depot relay interlocking and the 
new ATSS. Additional interlocking modifications were necessary for the interface between the depots and mainline 
at the RTs.  

Full CBTC wayside equipment are installed in the test tracks in BSD and TWD however the operation and control of 
the test track is via a CBTC environment simulator mimicking the zone controller functions.  

CBTC System training and second line maintenance facilities are also provided in the Signalling workshop in BSD. 
The training facility also serves as a secondary second line maintenance facility when not used for training purpose. 

2.3.5 Interfaces to others 

The Signalling System provides train operation information to various systems that are critical to railway operation. 
These systems while not part of the Signalling System nevertheless requires information from it in order to function. 
As some of these systems are being upgraded or replaced as well adding to the complexity of the interfacing 
hardware and software.  

Figure 13: The C1652A CBTC Signalling System Interfaces. 

The following generic approach to interfaces design and implementation was adopted: 

Antenna

           Wayside Radio Unit

Access Point Proximity Plate

Transponder Tag

Passive 
Tag

Active 
Tag
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i. Requirement gathering  

ii. Interface design  

iii. Interface validation  

iv. Interface Testing & Commissioning 

v. Decommissioning of obsolete equipment – upon successful implementation  

The challenge is to develop a design that will allow migration to the new interface equipment when full CBTC 
operation is effective for the whole NSEWL with minimum decommissioning effort on the replaced equipment.  

To ensure minimal impact to the Signalling functions a Signalling System Information Gateway (SSIG) PC is 
provided to provide access to the real-time data from the CBTC ATSS working database. 

Figure 14: The Signalling System Information Gateway (SSIG) Interface. 

Among the major interfaces are the following systems that are being upgraded or renewed and the interface 
requires some degree of adaptation: 

Train Radio System (TRS) 

The TRS relies on train location information for it operators’ radio command control panel (RCCP) interface. The 
RCCP is the operators’ primary means to select radio channel and locate trains in the mainline as well as depots. 
This TRS is being upgraded and the new system interface is incompatible with the existing TRS system interface. 
As such it is necessary to design a dual interface to operate during the transition when the NSL and TWE are in 
CBTC operation while the EWL remain in Legacy operation. Modifications to the on-board train communication 
interface (TCI) and the OCC servers are required for this transitory TRS interface. To simplify the interface, an 
interface gateway PC is provided to manage the data from the new ATSS and the Legacy ATSS so that the TRS 
need process one common interface protocol.  

Rail Travellers Information System (RaTIS)

The RaTIS relies on train position and timetable information to predict train arrival and departure timings. The primary 
interface is at the RaTIS station management server (SMS) level and the fall back or secondary interface is at the 
central management server (CMS) level. The RaTIS is also being upgraded to cater to the line expansion and to 
improve the reliability. The interface is improved in this Re-signalling exercise and thus incompatible with the legacy 
interface. For this interface the RaTIS system is being modified to handle the different data format from both the 
Legacy ATSS and the new ATSS. At those interchange stations where both Legacy and CBTC systems are in 
operation, the RaTIS system receives both new and old data.  

Corporate Information Systems 

SMRT’s Rail Operation Department requires performance related information from the Signalling system to calculate 
the statistics necessary for the reporting key performance indices (KPIs). The Signalling ATSS provides this 
information on train operation and reliability necessary for system performance monitoring and reporting. This data 
is obtained via the SSIG PC that provides controlled access to the ATSS real time working database and sent to a 
corporate network PC that serves various Corporate Information Systems (CIS) reports applications.  

Land Transport Operation Control (LTOC) 

The Land Transport Authority (LTA) is responsible for the overall land transportation systems in Singapore and an 
ATSS workstation is provided at the LTOC for monitoring and information collection on the NSEWL. This NSEWL 
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ATSS facility is a part of the overall land transportation central monitoring, command and control centre for the entire 
transportation (rail and road) infrastructure in Singapore.  

2.3.6 Systems security 

Systems security is addressed at various levels of implementation and essentially the existing security measures will 
be adapted to take into consideration the differences in the equipment software and hardware characteristics. From 
the physical security standpoint, there is no change in the existing measures currently in place: 

i. The elimination of read/writable devices from the workstations except for strictly controlled equipment where 
necessary for operation and maintenance.  

ii. Double lock system (two keys door lock or card plus key lock) for access to all SERs. 
iii. Mandatory scanning of input/output (I/O) devices / media prior to use in Signalling network servers and 

workstations.  
iv. Unused ports/devices and addresses must be disabled. 

In cyber-security: 

i. Data encryption and secure communications protocol is adopted for untrusted network.  
ii. Use of Frequency Hopping Spread Spectrum (FHSS) for the wireless interface. 
iii. All Windows PCs and Servers must be installed with anti-virus and the appropriate security settings must be 

configured according to the application requirements. 
iv. Firewall must be installed at interface between trusted and untrusted networks and external devices/systems. 

(An example is shown above in Figure 14: The Signalling System Information Gateway (SSIG) Interface.) 

The above is just a summary of the system security measures that is addressed in this Resignalling exercise. It is 
necessary and essential for the Signalling engineer to fully understand the implications and impact on the safety and 
operation to balance system security and the need for performance and reliability. This subject of System security 
encompasses a much wider area of considerations that are addressed at various levels of the Railway organisation 
beyond the scope of just Signalling. 

2.4 Migration 

It is required to put the NSL into operation ahead of the TWE and the EWL to cater to the projected ridership increase 
along the NSL. Almost immediately following the NSL operation will be the opening of TWE for revenue service and 
finally the completion of EWL. As it is not possible to shut down train operation it necessitates a switch over and back 
strategy to enable testing the CBTC System during non-revenue engineering hours while maintaining normal daily 
revenue operation with the Legacy System. 

The following were the general guiding principles for the migration strategy: 

i. Dual fitted trains shall be able to operate in both Legacy and CBTC territory. 

ii. Handover of trains between Legacy and CBTC shall be possible with synchronisation of timetables and 
train identification. 

iii. Timetable operation between Legacy and CBTC territories shall be seamless.  

iv. Interlocking responsibilities are assigned entirely to one system. 

Migration issues are major challenges in this project in every aspect of engineering, work coordination and interface 
between the new CBTC and Legacy systems. Firstly, there is a need to overlay the CBTC equipment alongside the 
legacy equipment to enable seamless switch control from the Legacy System over to the CBTC System and vice-
versa. This switch over process need to be implemented at the control centre; on board trains as well as at every 
station SER. Secondly the interfaces to the other systems like the TRS and the RaTIS has to be proven before 
revenue operation of the CBTC System is possible. To facilitate system wide switchover a remote switchover feature 
was adopted as a primary means with a manual switch over as a fall-back option. 

2.4.1 Control centre migration 

One important overriding principle for control centre is that control of the network must be concentrated in one central 
location. Hence the challenge in this project is to ensure that operation control must be from one location at any 
stage of the project. The strategy adopted in this project is to maintain the existing Victoria Street OCC (VSO) 
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operation using both Legacy and CBTC ATSS and migrate over to KCO only upon completion of the entire NSEWL 
Resignalling project i.e. both NSL and EWL are in full CBTC operation. 

During the interim period when the NSL and TWE are operating under CBTC while the EWL remain in Legacy 
operation the Controllers in VSO would be equipped with both the Legacy workstations as well as the new CBTC 
ATSS workstations. The servers however, are installed in KCO and configured to operate with VSO workstations via 
the DCS. 

The ATSS at OCC is required to interface with: 

• The Train Radio System; 

• The Rail Travellers Information System (RaTIS); 
• The Crew Management System (Schedule Compiler [SC] and Trains Information Terminals [TITs]); 
• Systems performance monitoring and reporting facilities (e.g. Trains Deviation System [TDS]; the Land 

Transport Operation Centre [LTOC]) 

Perhaps the most challenging migration issue within the CR is the needs to train the operators to man the new 
equipment while at the same time continue to operate the existing system. The matter is further compounded by the 
fact that the operators must learn to operate a brand-new system that is radically different from the legacy system 
that they are accustomed to.  

2.4.2 Train borne systems migration 

Train borne systems for the existing fleet will need to be dual fitted with the new CBTC equipment without interfering 
with the existing Legacy Signalling train borne equipment. Whilst the trains in NSEWL are operated in semi-automatic 
mode under the Legacy Signalling, the Train Operator’s console needs to be fitted with the Train Operation Display 
(TOD) alongside the existing operator’s equipment.  

Due to the constraint of space within the Train Operator’s cabin it was necessary to sacrifice two seats within the 
passenger cabin to make room for the VOBC cabinets directly behind the existing Train borne Signalling equipment. 

Figure 15: The Train VOBC Cubicle Installation. 
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The driver console is modified to accommodate the Train Operator’s Display (TOD) and the Legacy-CBTC Cut-over 
switch. 

Of particular challenge was to identify suitable location in the train undercarriage to install the tag readers, radio 
tachogenerators and radio antenna. 

2.4.3 Stations and Trackside Systems Migration 

Trackside Systems comprises equipment in the SER and those installed outside, within the station as well as along 
the running tracks.  

Space within the SERs is limited and in some cases insufficient to house all the new equipment. This constraint 
impacted the location of the Zone Controllers (ZCs) and limited the way they are to be distributed across the system. 

Replacement of existing operational Signals posed a challenge as the current semi-automatic legacy system relies 
primarily on the signals for normal operation. It is necessary to ensure that the correct signal aspect is clearly 
indicated to the train operator. The new replacement signal head is first installed next to the signal head to be 
replaced and hooded. 

Figure 17: The Station Signalling Control Panel, New Signalling Workstation and Cut-over Cubicle. 

2.4.4 Depot Systems Migration 

Although the replacement involves only ATSS there is a need to install some of the new CBTC equipment within the 
depots on the Test Track and sidings from where trains are launched daily for service. The challenges for this 
replacement depot work is more challenging compared to the mainline as the new ATSS as the depot is operational 
24 hours every day. Hence the depots are tested in sections and upon all sections tested then a final integrated test 
of the entire depot to complete.  

2.5 Interface between CBTC Control and Legacy Control Areas 

The interface between CBTC signalling and the Legacy signalling controls involve designing a safe and seamless 
handshake between the CBTC and the Legacy signalling. There are three such CBTC-Legacy control scenarios that 
need to be address in this project.  

The first concerns the interface between the depots and the mainline. Since the depots will mostly remain in manual 
legacy operation there is a need to modify the exit and entrance routing to enable automatic launching of the trains 
under partial CBTC control. Starting up of trains at storage sidings and routing to the RT will be automatic however 
the trains will be manually driven up to the transfer berths at the RTs where trains will commence operation 
automatically under CBTC control. 

Figure 16: Train Driver Console Modifications 

After ModificationBefore Modification

Legacy-CBTC
Cut-over Switch

Legacy Signalling Control Panel
Emergency Vital  Signalling Control Panel (EVSCP)

New ATSS Local Workstation

SER Legacy-CBTC  
Cutover Cubicle (COC)
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The second concerns the interchange locations at Jurong (JUR), Raffles Place (RFP) and City Hall (CTH) where 
interface between the NSL and the EWL is required. As the NSL will have the CBTC put into operation before the 
EWL is fully implemented there will be a need to enable trains to crossline between the two different Signalling 
systems. 

The third concerns the interface between the TWE section and the existing EWL section which will be operated in 
Legacy mode until the entire EWL is migrated to CBTC operation. This interface challenge involves not only the 
signalling control handover between the CBTC and Legacy systems but also seamless timetable operation of the 
EWL. The main problem is that the Legacy Signalling system control extends only up to JKN Station and has no 
visibility of the TWE. 

2.5.1 Depot – Mainline Interface 

The existing depot interlocking will be retained but the depot control system (depot ATSS) will be replaced and 
enhanced with automatic train launching facility. Of the three existing depots plus the fourth Tuas West Depot (TWD) 
the Ulu Pandan Depot (UPD) directly interfaces with both the NSL and the EWL. 

Since UPD will only be put into CBTC control with the EWL work the launching of trains towards JUR for NSL 
operation will be under manual train operation. Some trains for the NSL will continue to be launched in semi-automatic 
mode under the Legacy System up to the transition section and switch to manual operation into JUR. 

The transfer berths located at the RTs where trains are launched under CBTC into the mainline. Conversely at the 
end of passenger service trains from the mainline are withdrawn via the transfer berths and manually driven into the 
depot siding. 

2.5.2 Crossline Interface 

During the transition stage the NSL will be operating under CBTC while the EWL remain under Legacy Signalling 
control. Thus, the following stations that serve both NSL and EWL will require considerations for the necessary 
interfaces between the CBTC and Legacy systems.  

2.5.2.1 Raffles Place and City Hall Stations 

RFP and CTH Stations each have four platforms serving the NSL and EWL. To ensure highest availability signalling 
control was segregated by Line.  

As RFP is an interlocking station where two sets of crossings allow trains to travel between the NSL and the EWL 
and vice versa. In the legacy system, these crossings are unidirectional and will be upgraded to bidirectional in the 
new CBTC Signalling. The interface at CTH is relatively straight forward as the platforms for both lines are 
independent of each other.  

Figure 18: RFP – CTH Crossline Stations. 

The strategy adopted requires each platform to be controlled by the respective line ZCs. As seen in the above 
diagram CTH NSL is controlled by ZC7; CTH EWL is controlled by ZC12; RFP NSL is controlled by ZC8; and RFP 
EWL is controlled by ZC11;  
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2.5.2.2 Jurong Station 

JUR station is one of the more complex interchange station where trains can traverse between NSL and EWL via 
multiple crossings. The proximity of UPD further add to the complexity as JUR is critical to the launching and 
withdrawal of trains. 

During the transition JUR will support CBTC Operation for the NSL and Legacy Operation for the EWL. Trains 
launched from UPD for the NSL will be done using the Legacy System and will switch to CBTC at JUR. Conversely 
trains withdrawing from JUR to UPD will switch to Legacy system at JUR. Trains will be operated in manual mode 
across the CBTC-Legacy boundary under manual supervision via the respective ATSS. 

Figure 19: JUR Common Station. 

To simplify the control strategy, two ZCs are provided at JUR station. One to control the NSL and the other to control 
the EWL.  

2.5.3 Tuas West Extension (TWE) Interface 

The interface between TWE CBTC signalling and the Legacy signalling controls involve designing a safe and reliable 
handover of trains between the Legacy and CBTC systems and vice versa. 

Figure 20: JUR Common Station. 

In order to reduce the complexity of the transitionary interlocking control it was decided that the control handover 
station would be a “non-interlocking” (i.e. without any points and crossing) station. In the case of TWE whilst the 
boundary (Zone 17-Zone 9) between TWE and Legacy EWL is at Gul Circle (GCL) - JKN stations which is an 
interlocking station, the handover location is at Pioneer (PNR) which is non-interlocking station. Hence at PNR there 
is a three-way selection switch to enable full Legacy control or Shared (both Legacy and CBTC are partially in control) 
or full CBTC control.  

3 LESSONS LEARNT  

This project was fraught with many management and technical challenges that required SMRT, LTA and the 
Contractor to work very closely together. Despite much discussions and planning, several unknown factors arose 
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during the project resulting in adjustment and refinement of schedules. The following is a summary of the some of 
the lessons learnt and areas for improvement: 

3.1 Design and Implementation 

It should be noted that the requirement specifications at the Tender stage of the contract was generic and unbiased 
towards any supplier. Hence it is important that at the start of the project, the detail design be clearly established and 
the functionalities are well described before development commence. It is essential that the system designers and 
users have good understanding of the requirements at the design stage. This will minimise rework and avoid 
additional time and resources for changes during the implementation stage. 

Where interface to other systems is necessary, the Contractor need to understand fully the existing system 
characteristics. This alone is not sufficient and it is necessary to understand how the system is being operated and 
what improvement is required by the operators and maintainers.  

A lot of otherwise unnecessary changes can be avoided if a more thorough requirements clarification and refinement 
period is allocated at the beginning of the project. 

3.2 Testing and Commissioning 

Given the extremely tight window for onsite testing it is necessary to conduct every possible system tests in the 
factory. A thorough and rigorous off site test facility that can simulate accurately the target railway environment is 
crucial for managing the amount of onsite testing. Having the systems well tested before deployment to site will 
reduce the amount of rework and corrective efforts. This will translate to shorter deployment time and faster roll out 
of the systems. 

3.3 Configuration Management 

The effectiveness of a configuration management plan is only as good as the enforcement regime and management 
of systems implementation. The scale of this project and the complexity of the systems being deployed poses a 
challenge in keeping track of the changes in hardware and software over the life cycle of the project. It is essential 
that staff carrying out the work are diligent and disciplined in documenting the changes made. Random audits should 
be carried out on work records and checked against a comprehensive register. 

3.4 Project Coordination 

The Resignalling Project is implemented concurrently with a few other major renewal works on the NSEWL. 
Additionally, unanticipated (unplanned) urgent works may arise resulting in last minute rescheduling of works. It is 
important that as much advance work planning as possible is done and contingencies for alternative work is taken 
into consideration. SMRT has a central works coordinating team to deconflict and manage all work on the railway. 
Notwithstanding this, schedules and programmes are oftentimes messed up by unexpected priority work that is 
required for safety reasons or impact to passenger service. It calls for all stakeholders to be patient and willing to 
accommodate as reasonably as possible. 

3.5 System Security 

The subject of cyber security has become one of the major concerns in the modern railways with the increasing 
sophistication of systems used and vulnerabilities of inter-connected networks. The tools and applications for this 
security purpose are becoming more complex and imposes a drain on the resources that are shared with the 
Signalling systems. It is necessary to carefully assess the impact and implications on the performance of the 
Signalling System before implementing such security solutions. The Signalling engineer is required to identify 
alternative ways to harden the System if the standard security tools conflict with the Signalling applications. This 
need for security must be managed carefully over the lifetime of the project. In the early stage of the project emphasis 
should be given to deploy and stabilise the Signalling System while maintaining basic security features.  

3.6 System Performance and Maintainability 

System monitoring facilities such as data loggers, report generators and data analysis tools are essential for study 
of the systems performance. First line and second line diagnostic facilities are necessary for the maintainer to pin 
point causes of equipment failures. The Operators and Maintainers need to be comprehensively trained to use these 
facilities and it is important that the manuals and guides for these facilities are accurately provided. One of the 
challenges in this project is the transfer of knowledge to SMRT’s operators and engineers are needful. The availability 
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of competent expertise is irregular and opportunities for SMRT’s engineers to interact with the experts need to be 
more frequent. This problem is exacerbated by the lack of accurate and comprehensive documentation on the system 
monitoring facilities provided. 

3.7 Training 

In this project the training of Operators and Maintainers was a sort of a paradoxical exercise. The required training 
schedule was pegged to specific dates that became not aligned with the readiness of the System for training use. 
This was due to the delays in implementing the system and resolving issues encountered during systems testing and 
commissioning.  Although a training simulator is provided as part of the Training Development System (TDS) it 
required the actual ATSS application software to function. Since the actual ATSS application software is still work in 
progress, the training facility is incomplete and not fully functional. In order to fulfil the contractual training deadlines, 
the Contractor was compelled to proceed with the training and planned for “gap” training to cover those topics that 
were not possible to do in the initial training sessions. The disadvantage of this approach is that the trainees did not 
have complete or full exposure on the systems and were less confident to use the equipment. On hindsight, it would 
be more appropriate to peg the training schedule on the readiness of the system for use. 

4 CONCLUSION 

SMRT Trains Resignalling of the NSEWL involves many challenges compounded by the need to maintain as far as 
possible, normal operation of the railway whilst the Signalling systems are being replaced. Adding on to the 
complexity of the project was the need to implement the new CBTC system along with the Tuas extension of the 
EWL; relocation of the existing OCC and the introduction of a new Standby OCC. Additionally many challenges arose 
due to unplanned safety and operationally critical works on other systems such as the permanent way and power; 
during implementation of the project. These are some of the challenges and considerations for any ageing railway 
that requires to be renewed whilst maintaining as close to normal operation as feasible. It requires very closed 
coordination between all the stakeholders and every party be willing and maintain focus on safety, quality and the 
overall needs of the Railway operation.  
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SUMMARY 
Many high-capacity metros use legacy signalling systems that are becoming life expired and require replacement 
or upgrade.  There are also operational capacity and reliability benefits to be gained in moving to more modern 
signalling systems.  The difficulty in “brownfield” resignalling of operating railways, is meeting stakeholders demand 
for little or no interruption to operations during implementation and no risk to operational performance. 

This paper reviews the technical and operational issues when resignalling high-capacity metros, particularly 
focussing on maintaining uninterrupted operations and managing the “operational risk” during the migration to the 
new signalling system.  Consideration is given to the various generic approaches to implementation of brownfield 
resignalling along with the associated technology considerations and the technical and operational risk trade-offs 
between approaches.  A range of technical and operational implementation approaches are described showing 
the key issues for consideration by the metro operator.  The key technical risks through the resignalling lifecycle 
are discussed, along with possible approaches and metrics for the management of risk.

1  INTRODUCTION  

This paper focusses on the resignalling of high-capacity metros with high operational utilisation that require new 
signalling works implementation with no or minimal impact on existing operations, service quality or performance.   

[Ref 9] estimates that there will be 8,000km of new urban CBTC projects worldwide between 2016 and 2020 of 
which 68%, or 150 lines, will be brownfield resignalling projects, see Figure 2.  These brownfield resignalling 
projects include risks and [Ref 8], see Figure 2, quotes the Global CBTC Conference data in 2015 based on 39 
CBTC resignalling projects worldwide from 21 countries, 28 operators and 7 suppliers and concludes that: 

• Only 22% of the projects were completed within the original time schedule; 
• 41% of the projects were completed with an average delay of 2.4 years/project; 
• 26% of the projects have been delayed by an average of 3.4 years/project and are not yet complete; 
• 11% of the projects contracts were abandoned/stopped. 

Whilst this data shows the challenge of completing a brownfield resignalling project on time (and with no doubt the 
associated budget overruns), it does not address the impact on operations and the trade-offs necessary in 
delivering the project in a reasonable time and at a reasonable cost to all the stakeholders. 

Figure 1 - Outcome of 39 CBTC Resignalling ProjectsFigure 2 - CBTC Projects Worldwide, 2016 to 2020
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Metro signalling is normally replaced when it is becoming life expired and the asset can no longer be supported or 
maintained or the existing signalling cannot support the increased patronage.  In addition, the operator would 
expect other operational performance benefits from the new system, for example: 

• Increased capacity; 
• Increased reliability and availability; 
• Lower life cycle costs; 
• Best practice safety levels; 
• Possibility of FAO (UTO or GoA 4) after resignalling or in the future. 

2  DRIVERS FOR OPERATIONAL RISK MANAGEMENT 

Determining the strategy for a brownfield resignalling project requires a balancing of risk and the trade-offs to 
determine the optimum solution, see Figure 3, moving from the left-hand side to the right-hand side, balanced 
approach. 

Figure 3 - Drivers for Operational Risk Management 

The operator wants the benefits of the new system as quickly as possible but is not normally prepared to accept 
any impact on operations, nor provide extra or extended possessions for installation, testing and proving the new 
system before operations, whilst requiring the new signalling to provide the required performance at Day 1 of 
commercial operation (not something routinely associated with greenfield signalling projects, let alone brownfield).  
The local social and political culture can also be important; the travelling stakeholders may expect that there will 
be no impact on operations during the resignalling and have no tolerance to delays or system closures. 

We define Operational Risk(s) (OR) in a brownfield project as the risks that have an impact on the operations of 
the system being upgraded, or the replacement system, from any cause related to the resignalling project and that 
occur through the project implementation life cycle from commencement of the work through to the full 
commissioning of the new signalling.  The operational risks may result in system delays, performance shortfalls, 
degraded operations, closures, etc.  Operational Risk Management (ORM) is the management of these operational 
risks to an agreed, quantified, acceptable level through the project life cycle.  ORM, through sound implementation 
and system migration is the theme of this paper. 

Conventional project assurance activities for greenfield projects do not provide all the tools necessary to manage 
OR, therefore ORM is an additional layer of operational assurance sitting above conventional assurance layers of 
design review, client review, SA and the ISA. 

To determine the optimum implementation strategy considering the Trade Offs in Figure 3, the project needs to 
understand the operational risks (as well as the safety risks) through the project lifecycle to determine the overall 
optimum project migration strategy shown on the right-hand side of Figure 3. 

The risks must be balanced to minimise the net “pain” to the organisation’s operations.  For example, a lower 
operational risk approach would generally take longer to implement with a higher CAPEX when compared to a 
higher operational risk approach. 
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3  OPERATIONS RISK MANAGEMENT (ORM)  

Operational Risk Management includes: 

• Understanding, quantifying and assessing the OR throughout the resignalling project lifecycle; 
• Determining the maturity (and assessing the readiness) of new and interim signalling systems prior to 

commercial operations; 
• A review process to manage the assurance of operational risk. 

The operational risks through a generic resignalling project lifecycle can be broadly categorised as shown in Figure 
4, which shows a “simplified” operational risk profile. 

Figure 4 - Operational Risks and Confidence Building though Project Lifecycle 

With the typical brownfield project, there is limited time to test, trial and prove the new system prior to commercial 
operations.  Therefore, by fully understanding and assessing the risks, and how they are being addressed, the 
purpose of ORM is to achieve growing operational confidence during the project lifecycle (to the point that enables 
balanced risk-based decisions to be made that the new signalling is operationally ready for service), based on 
agreed quantified metrics and acceptance targets.  The ORM process also continuously monitors the performance 
of the brownfield project’s implementation, to determine that the OR are being managed at an acceptable level. 

Operational confidence is not solely a scientific process using targets, but involves gathering and assessing data 
and evidence that, together in summary, can enable decisions to be made giving overall confidence that the new 
system will operate effectively and meet its performance objectives when commissioned. 

Targets for acceptance of OR through the project life cycle must be quantified in terms of their effect on operations.  
For example, during installation work and cut-in there may be errors that adversely affect the existing service, e.g.  
a delay to the start of the next day’s operations, loss of operational functionality, service delay, etc., and these 
should be quantified in terms of operational impact, e.g.  number of 5-minute delays due to resignalling.   

The first stage of the ORM process is to assess the risks through the project lifecycle.  It is relatively straightforward 
to assess the risks due to installation, cut-in, incorrect changeover and the like, using conventional risk assessment 
techniques.  Human Factors (HF) risks based on operator and technician unfamiliarity with the migration systems 
and the new signalling can be managed through a conventional HF approach.  The HF review, however, must 
consider the transitional migration HF issues and not just the new signalling system. 

The biggest challenge in ORM is assessing the readiness of the new signalling and associated migration stages 
for commercial operations.  Traditional SA approaches do not consider overall system confidence, focussing more 
on hardware reliability.  Modern complex CBTC systems are significantly software based and it is the robustness 
of the software that is important to assess as early as possible in the lifecycle and to keep constantly under review, 
as well as with RAMS of course. 
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Whilst the OR of failure to meet operational performance on Day 1 of commercial operations occurs at the end of 
the project life cycle, confidence must be gained through the whole project lifecycle.  Conventional approaches to 
assurance do not focus on system maturity and formal reliability demonstration and functional acceptability may 
well not commence until the beginning of commercial operations or at best the commencement of the Trial 
Operation period.  Moreover, software maturity is an issue that is often neglected or excluded from formal 
consideration.  In ORM, Software and System Maturity must both be assessed formally.   

Table 1 summarises confidence measures that are overlaid with traditional Hazard Analysis techniques to 
determine the particular risk and its operational impact. 

Project Phase Operational Risk Typical ORM Targets 

Factory Testing 

No direct impact on operations but allows 
comprehensive testing in a realistic 
simulated environment to verify and stress 
the system to eliminate hardware, software 
and data errors.   

Foundation of Confidence Building. 

Meeting quantified Reliability Growth targets. 

Error and rework logs during all stages of testing 
and acceptance. 

Installation 
Installation Errors 

Cut-in Errors 

Late hand-back after work 

Targets based on maximum acceptable OR 
(normally zero impact or extremely low). 

Testing & 
Commissioning 

Incorrect operation of changeover systems 

New system’s impact on existing signalling 

Late hand-back after testing 

Targets based on maximum acceptable OR 
(normally zero impact or extremely low). 

Quantified Reliability Growth. 

Software lifecycle monitoring and maturity. 

Demonstration 
of acceptability 
of new signalling 

Problems in achieving RAM targets Formal RAM studies, such as FMECA. 

Quantified Reliability Growth. 

Achievement of acceptance targets through the 
lifecycle 

Software errors found and maturity Software lifecycle monitoring and maturity. 

Error and rework logs during all stages of testing 
and acceptance. 

Formal assessment of Maturity prior to 
commercial operations. 

Failure to achieve required functionalities Formal demonstration and assessment of 
Functionality prior to commercial operations. 

Failure to achieve performance targets Formal demonstration and assessment of 
Performance prior to commercial operations. 

Operator / technician errors due to 
unfamiliarity with new and transitional 
systems 

Comprehensive HF studies through the project 
lifecycle, including transitional signalling 
arrangements during migration. 

Table 1- Operational Risk Confidence Measures through Project Lifecycle 

In addition, safety of the transitional and new signalling arrangements will be formally assessed based on ISO 
standards with an ISA. Whilst safety assessment is not the subject of this paper, the chosen migration strategy can 
greatly influence and affect the amount of safety work and associated assurance needed on a particular project, 
so it must be considered carefully. 

The difficulty is in demonstrating the acceptability of the new signalling by showing that it meets its performance 
targets but with only limited test and trial running time exposure for demonstration.  For example, in a typical metro 
non-traffic period of four hours, the net time for effective testing and trial running may be between 2 ¼ and 2 ½ 
hours, over limited sections of track.  Due to other essential maintenance, such demonstrations will only take place 
a limited number of times per week.  Even with a new “greenfield” system, the conventional 3-month trial running 
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may not be enough to fulfil the number of duty cycles to prove a system is fit to meet its operational targets on Day 
1 of commercial operations. 

Practical examples of Operational Confidence demonstration are shown in Section 5. 

4  MIGRATION APPROACHES 

4.1 Introduction 

Migration is the combination of engineering, operating and logistical processes used to change from the existing 
signalling system to the new signalling system within the project programme and framework and is the most difficult 
part of the project to manage successfully.  Stakeholders may not give sufficient thought to all the issues involved, 
resulting in project overruns, additional cost, etc.  As well as the proposed new signalling technology and its system 
architecture, the undertaking must consider the overall condition of the whole of the existing infrastructure and its 
operating and logistical constraints, not just the existing signalling system technology and architecture.      

In theory, the ideal implementation plan might appear to be to completely overlay the new lineside system on top 
of the old, thus running the two systems in parallel, then seamlessly and incrementally change the train fleet from 
the old system to the new, steadily building confidence.  In practice, the extent to which this is even possible is 
dependent on the technologies and detailed implementations of the two systems.  The extent to which it is desirable 
is a balance between the OR of limited testing, mostly in non-traffic hours, together with large scale commissioning 
changeovers, and the technical, safety and associated OR introduced by the need to engineer bespoke interfaces. 

If two systems or subsystems are to run in parallel, there must be some degree of synchronisation at the command 
level, as well as some way of ensuring that outputs to trains and trackside are always safe, that the associated 
logic of the two systems is consistent and that they are in correspondence with each other.  In practice, this means 
that at any particular time only one or other of the systems can actually control lineside objects such as points, and 
only one or other of the on-train systems can drive the on-train functions of traction and braking.  This is because 
a bespoke interface that could somehow integrate commands from two disparate systems is likely to be of such 
risk and complexity as to be an impractical proposition. 

Where it is determined that some kind of parallel operation is possible, the most likely solution is that the new 
trackside logic will be brought into use first, adapted to drive the old trackside objects and track-to-train 
communications, since trying to adapt the old system to drive the new track-to-train communications is not only 
likely to prove very difficult but represents a lot of ultimately abortive work.  It also partly defeats the object of 
bringing the new system into gradual use of gaining confidence and reducing risk and limits the opportunity for 
early benefit from new system features.  The old system may be retained during the transition period to provide an 
ultimate fall back in case of serious problems.   

In considering the practical options in any particular case, it is necessary to look at the detail of a number of 
interfaces and it may be useful to consider these under the four headings of: 

1. Trackside logic to train communications interface (new system, or both if the old system has one); 

2. Trackside objects interface (points, signals etc);  

3. On train interface (traction, braking, door control etc); 

4. Train supervision system interface (operator and timetable).   

Of these, the first will be critical in deciding the principal overall strategy. 

It is also necessary to take into account the condition of the existing assets (both hardware and software), as well 
as the availability of personnel with the necessary legacy system knowledge.  These factors may limit the extent 
to which modifications such as the provision of a bespoke transitional inter-system interface are practical or 
desirable in order to minimise OR. 

It may be necessary to consider whether to permit a changeover of the on-train system part way through an end-
to-end journey during normal operation.  Such a changeover can reduce the extent of a final trackside 
commissioning if it is not practical to drive both old and new track-to-train interfaces at the same time. 

A simplified summary of the main issues in determining the migration strategy are shows in Figure 5, with detailed 
explanations in the following sections. 
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Figure 5 - Simplified Summary of Main Issues in Determining the Migration Strategy 

4.2 Trackside-Logic-to-Train Communications Interface 

Whether the trackside logic of the new system should be interfaced with both the old and new trackside-logic-to-
train communications systems is critical to the overall strategy.  The risks associated with this interface depend on 
the detail of the technologies.  This may include the ability to drive lineside signal aspects where these constitute 
part of the old trackside-logic-to-train communications system and there may therefore be some overlap with the 
next section 4.3.   

If the old trackside-logic-to-train communications system has a simple interface with the old logic system, for 
example a relay interface from the old interlocking with simple logic, it will usually be possible to incorporate the 
necessary logic and a standard (or nearly standard) hardware interface in the new trackside logic system.  Provided 
the two trackside-logic-to-train communications systems do not interfere with each other, this enables some form 
of mixed mode operation, where some trains may run under the old trackside-logic-to-train communications system 
at the same time as other trains run under the new trackside-logic-to-train communications system.  The fleet 
changeover may therefore be incremental, a so-called ‘Progressive Changeover’. 

If the old trackside-logic-to-train communications system has a more complex interface with the old logic system 
(for example a solid-state processor system with a data link, perhaps with bidirectional communication), the 
development of an interface for the new trackside logic system may be of such magnitude and technical risk that 
this outweighs the advantages of mixed mode operation.  This is a matter for detailed analysis but is more likely if 
the systems are from different suppliers, when information may be proprietary.  In such a case the whole system 
within one area, including all the trains, will have to change over at the same time - a so-called ‘Direct Changeover’.  
This provides a challenge to OR as, once the system is changed over to the new signalling, there is no easy way 
to revert to the legacy system.   

4.3 Trackside Objects Interface 

Some kind of temporary changeover arrangement will be necessary between old and new systems to facilitate 
over and back testing as well as the final changeover.  The type of provision will depend on the time available for 
non-traffic testing and the time and resources available for the final commissioning of all the interfaces associated 
with a particular sub-system or area of control.  Typically this will be some kind of temporary relay based switching.  
Care needs to be taken to ensure that there is always full correspondence and that failure modes cannot result in 
unintended operation by the wrong system.  Central control may be necessary for efficient use of non-traffic test 
periods.  It may be possible to send indications in parallel to both systems to limit the number of switched circuits. 
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4.4 On-Train Interface 

The need for a switched interface will depend on whether the trains are to be dual fitted (with old and new on-train 
systems).  The desirability of dual fitting is dependent on a number of factors including a balance of risks and the 
availability of resources, but may be difficult to avoid in practice.    

For a whole line Direct Changeover, the practicalities of having sufficient trains fitted with the new system and fully 
tested at the time of the changeover, even if a new fleet is being introduced, mean that in practice dual fitted trains 
are almost certain to be required.  Siding space alone is unlikely to be able to accommodate both fleets around the 
time of changeover and the pre-service mileage accumulation generally expected of a new fleet may be difficult to 
achieve in non-traffic hours or on a test track. 

For an area-by-area Direct Changeover, dual fitting is necessary until the whole of the trackside is changed over, 
as there will need to be a changeover of the on-train system during a journey. 

For a Progressive Changeover, it is necessary to consider the logistics of progressively converting a train fleet or 
of progressively introducing new trains fitted only with the new system.  Without dual fitting there is no possibility 
of quickly falling back to the old system in the event of problems with the new system as individual train mileage 
rapidly accumulates in the early days of traffic hours operations, or as the level of traffic using the new track-to-
train communication system increases. However, a more fundamental driver is that progressive conversion cannot 
begin, apart from perhaps one or two trains reserved for non-traffic hours testing, until the new trackside system is 
commissioned.  This means that pre-commissioning non-traffic hours testing of the new system will be severely 
limited by the lack of trains and early system stress testing will therefore be impossible.  Even with the progressive 
introduction of a new fleet, the practicalities of accommodating a large number of new trains just for pre-
commissioning non-traffic hours testing – which needs to be for a significant period, so as to achieve meaningful 
test mileages – make such a transition difficult to manage.  In the pre-commissioning test period the ability to switch 
from one on-train system to the other is of considerable logistical benefit.  

Furthermore, the logistics of withdrawal for conversion or for the introduction of a new fleet are such that the 
progressive change will take a very long time, during which the old track-to-train communications system has to 
remain operational alongside the new system.  This carries associated OR, simply from having far more equipment 
in operation, much of it probably life expired.  Such an extended period is not likely to be practical in project terms.  
It also means that the full benefits of the new system, which cannot be achieved until all the trains are running with 
it, will not be achieved until a very long time after the trackside commissioning. 

A further (and extremely valuable) possibility enabled by dual fitting is that the new on-train equipment can 
potentially operate in “shadow” mode in normal traffic as soon as the new trackside-logic-to-train communications 
system, or at least some part of it, is able to operate alongside the old system.  This might be limited to balise 
reading and continuous trackside-to-train communication exchanges to prove coverage reliability; if the diagnostics 
are working, this can provide very useful early confidence both in the accuracy of the location system and also in 
the reliability of the communications links, as well as in the general reliability of the new equipment.   

The extent to which the new system is able to issue “real” movement authorities for the new on-train system to 
react to (without actually driving any rolling stock traction or braking controls) during this “shadow” operation, will 
depend on the details of the particular application.  It may be difficult to manage and analyse this process, 
particularly as the actual train movements will be constrained by the logic of the existing system under which they 
are operating.  Balise mapping, odometry and communications coverage as well as general extended equipment 
burn-in are all recognised as important areas for early confidence building, so the process of completing these 
functions without the complexities of more comprehensive shadowing may represent the appropriate balance of 
OR, to be judged case by case. 

For all these reasons, it is necessary to consider dual fitment of the on-train equipment with a robust changeover 
system.  If a new fleet is to be introduced, the new system element of the dual fitment equipment can subsequently 
be progressively transferred to the new fleet. 

In all cases the logistics of train commissioning are likely to prove a bottleneck and provision of a test track facility, 
either dedicated or able rapidly to be brought into use for a period each day, is likely to prove invaluable.   
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4.5 Train Supervision System Interface 

This is an area where the interfacing can often be minimised as it will usually be possible physically to 
accommodate at least a cut down version of the new control centre equipment in an existing centre or of course 
house it in a new centre.  The use of VDUs has made this easier.  Systems with a large overview display can 
usually be operated without it during testing of other elements, and final changeover is unlikely to be difficult.  As 
the changeover strategy will almost certainly involve only one trackside logic system controlling relevant sections 
of the railway at any time, the old and new train supervision systems can largely operate their respective trackside 
logic systems independently. 

Where there is to be a Direct Changeover approach, this will include the train supervision system.  However, when 
a “progressive changeover” is planned, in some cases the train supervision system may interface directly with 
certain elements of the old trackside-logic-to-train communication system, for functions such as automatic train 
operation commands and parameters, diagnostics, or miscellaneous controls such as speed restrictions or train 
hold.  In this case there is another balance of risks to be assessed between developing temporary interfaces from 
the new train supervision system to the old trackside-logic-to-train communication system or operating the two train 
supervision systems in parallel with the old train supervision system providing only those facilities required by the 
old signalling system that the interfaces from the new train supervision system and the new trackside logic system 
cannot provide.  In the latter case, care will be needed to ensure that there is appropriate co-ordination of operating 
procedures as well as timetable and other inputs. 

5  EXPERIENCE 

5.1  Operational Risk Management – examples of approaches 

Each system and its environment is different but essentially the principles of ORM remain the same, though they 
will need to be adapted to each specific project and operator.  The readiness of the operations is assessed 
incrementally, as is system maturity, throughout the project lifecycle, see Figure 6.  The system maturity data is 
then used with quantified acceptance criteria to determine overall operational readiness. 

Figure 6 - Operational Risk Management through Project Lifecycle 

The overall approach to ORM is: 

• Assess the OR; 
• Quantify the risks in terms of operational impact through the project lifecycle; 
• Agree with the operator the acceptable OR for the project; 
• Manage the risks to the agreed level and monitor to the targets and trends. 

Before committing to an implementation strategy, the OR through each individual project lifecycle phase need to 
be assessed, quantified and understood.  This allows overall OR to be assessed in terms of likely impacts to the 
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service and functionality and to determine if these are acceptable to the existing, transitional and new signalling 
phases.  Indeed, the project technical approach and migration strategy may need to change to reflect these OR 
requirements.  It also allows the project to work within an agreed OR framework, which will be managed and 
reported against the agreed OR profile.  Examples of typical OR profiles and techniques are given below. 

Installation and T&C OR can be assessed based on experience and judgement based on the complexity of the 
migration approach.  The risk arising is managed through good practice when working on live operational assets.  
To demonstrate compliance and good practice, the project reports within the agreed operational profile regularly.  
Figure 7 shows a simplified assessment of risks during a brownfield signalling project showing the impact on 
operations in terms of Delays to Operations>=5 mins at an annualised level. 

Figure 7 - Assessment of Operational Risks through Project Lifecycle 

Reliability growth can be managed using conventional RAM techniques through the lifecycle, remembering that 
RAM plans must consider any impacts on the transitional and existing systems.  The RAM plan must include 
regular performance confidence reviews through the lifecycle, not just when the system is ready for commissioning.  
The difficulty is to prove all the RAM issues to gain confidence within limited possession time.  It is recommended 
that, once a new asset has been tested, the system migration is designed such that the hardware can be left 
energised in some form of “shadow” operation, which will enable the monitoring of hardware “burn-in” as well as 
demonstrating the technical maturity of the system.  As soon as more hardware is tested and “commissioned”, 
more and more hardware can be left energised and “burned-in”, thus adding more data and gaining more 
confidence.  Formal hardware and associated system reliability should be monitored regularly, with formal 
“Maturity” assessments against targets at key project milestones. 

Software has often been considered to be “error free’ at the start of commercial operations for new greenfield 
signalling projects thanks to maturity gained during extensive trial running.  In a brownfield project, this is not 
possible but software must still be proved to be mature prior to in-service operations.  Software maturity must be 
assessed throughout the project lifecycle, using metrics such as coding errors, reworks, NCRs, tests failed.  The 
assessment of the maturity of the software must start right from the integrated factory test stage.  Maximising 
testing away from the brownfield site, including extensive use of simulations, is a sound approach to improving 
maturity and hence minimising OR.  The aim should be to discover errors as early as possible in the development 
process, and to achieve a consistent reduction in fault rate with each development cycle to enable accurate 
prediction of the reducing level of faults and the typical number of development cycles needed for their elimination.  
The closer the match of actual errors discovered is to the level predicted, the greater will be the confidence that 
maturity is building such that errors will ultimately be eliminated.  Software should continue to be monitored 
regularly with formal “Maturity” assessments against targets at key project milestones, see Figure 8, for an example 
of software defect tracking, and Figure 9, showing an example of software Change Request (CR) tracking, showing 
the management of the CRs over time. 
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Figure 8  - Software Defect Tracking 

Figure 9 - Software Change Request (CR) Management 

Prior to the commencement of commercial passenger operations, there will need to be clear and quantified 
acceptance targets set for the system.  If these are to be demonstrated in non-traffic hours possessions then it is 
unlikely that statistically meaningful demonstrations can be achieved due to the limited testing time.  Acceptance 
targets can be incrementally based through testing and trial running to maximise confidence, both for wayside 
equipment and the trains.   

5.2  Extending the Confidence Building and Acceptance Time 

With a brownfield resignalling project, there may never be enough testing time in non-traffic hours to demonstrate 
that the system is statistically fit for operations.  Once a relatively acceptable level of “confidence” has been gained, 
proving the new system may be possible (depending on the design of the migration approach) in quieter operations 
times, for example, off-peak, late and night, during weekends and over holiday periods (when feasible).  This is 
often not possible in intensive metros, so innovation is required if more confidence is needed before committing to 
the new signalling.  In Singapore [Ref 7, 11], they have tested the new signalling in late evenings up to normal line 
closure time and later still if there is no conflicting engineering work.  The trains run during the day with the new 
CBTC signalling in shadow mode operation and are therefore already localised.  At the changeover time in late 
evening, all trains stop in an appropriate platform and switch the CBTC over to live and recontinue passenger 
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operations after a short break with the new CBTC signalling.  This is referred to as Early Operational Testing, or 
EOT. 

5.3  When things could go wrong 

Whilst not the core focus of the paper, in any brownfield resignalling project there should be a focus on contingency 
planning should the ORM fail for any reason.  [Ref 10] describes Hong Kong MTR’s approach to the OR 
assessment of the implementation work for each possession.  Once the risk level is assessed for a particular work 
package or possession using one of three categories, the level of OR management assurance is determined and 
contingency plans are established should things go wrong, pro-rata to the assessed OR.   

The MTR approach [Ref 10] also uses a daily “war room” and implementation task forces to “timely resolve day-in 
and day-out issues and manage brownfield risks and to ensure resolution of technical and operational issues 
before system cut-in”.   

5.4  Comparative Research: how metros manage operational risk; key success factors 

In 2014, with an update in 2016, the authors undertook desk and telephone research to determine best practice 
approaches and Key Success Factors (KSFs) in brownfield resignalling projects.  The research covered 10 metros 
in Europe, Asia and the Americas, with a total of 23 signalling brownfield upgrade projects. 

All but two of the metros were known to the authors from other engagements, so the research consisted of 
interviewing senior managers there as well as making use of published data about the upgrade projects.  The 
metros included those of London, Paris, Madrid and Copenhagen in Europe, Singapore MRT and the Bangkok 
Skytrain in Asia, New York NYCT, Metro Sao Paulo, CPTM and Metro de Santiago in the Americas.  There were 
up to 5 lines per metro and 6 different suppliers involved.  These were current projects including a number that 
were not yet at the end of their planned schedule, but 54% of the projects were not yet complete and only 17% of 
the projects were known to have been completed on time.  So, the figures in our sample are less favourable than 
[Ref 8], which may be due to our emphasis on current projects in larger, more complex and older cities and metros 
with a larger number of legacy and integration issues.  However, it could also be due to our interviewing metro 
managers unconnected with the projects who might be readier to admit to delays than those who are responsible 
for the results and had contributed to the data in the Global CBTC Conference data in 2015 [Ref 8]. 

A summary of findings is shown below in Table 2. 

Issue Finding

Technical Approach 
– choice between Direct & 
Progressive Changeover 

There is a balance of risks between the modifications and associated technical 
developments to allow dual operation of the trackside, against the risks of the larger scale 
changeover without the progressive accumulation of CBTC train mileage 

Migration Approach

Earlier projects tended to be based on Direct Changeover.
Current trend seems to be to Dual Fit the trains and the trackside to permit some form of 
Progressive Changeover. 

Special Operational 
Measures

Most systems use weekend possessions for implementation and testing.
Most systems use night time testing in NTH lasting several months. 
There are normally one or two weekend closures to prove the system before committing 
to the new system – this appears to be essential when direct changeover is used, as 
short night time possessions do not allow the whole system to be tested with a full 
operational service. 

Operational Risk 
Management

Almost all systems make extensive use of test tracks to minimise system and interface 
issues. 
Almost all systems make extensive use of integrated FAT testing to prove the software 
system and burn-in components.   
Software reliability is regarded as very important with extensive testing including the use 
of simulation to increase the number of cycles. 
Early burn-in is used for trackside and trainborne systems. 
Most systems seem to have used some form of Shadow Mode Operations proving – 
typically for 3-6 months.   
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Issue Finding

Operational Targets

Most systems claim to set targets for confidence building through the project but getting 
access to these targets has proved difficult - some targets are no more precise than to 
“minimise disruption”. 
Most systems have targets for software reliability growth but these are not always 
quantified. 

Post Implementation 
Performance

All operators expect the CBTC system not to meet its target performance until the system 
has “settled down” post changeover – although ultimately the CBTC system should give a 
better performance overall than the existing signalling system replaced. 
Operator “errors” with the new CBTC system seem to be a substantial part of the total 
delays arising. 
The decision to abandon the legacy system is typically not made until after 3-6 months of 
CBTC operation. 

Table 2- Operational Risk Confidence Measures through Project Lifecycle 

From this work and the authors’ experience, the summary high level Key Success Factors (KSFs) for metro 
signalling upgrade projects are: 

• “One team” project organisation with a supplier team located on-site or very close to the upgrade site and 
with mutual on-going accessibility between the supplier team and the client implementation team; 

• A realistic and balanced understanding of how the characteristics of the existing railway network differ 
from those where this type of new signalling system has been installed so far elsewhere; 

• An open, rather than conservative attitude among members of the team to alternative migration 
approaches from one type of system and technology to another; 

• Clear and congruent process and project management methodologies, including systems acceptance 
criteria, common goals and incentives; 

• Parallel processing to allow the development and testing of functions and applications to progress, even 
when others are not yet fully ready; 

• Strong Client Integration Team – with a close relationship with Operations; 
• Growing Technical Confidence, based on experience with previous successful projects and good 

methodology; 
• Understand the legacy systems that are being replaced, especially the asset condition – this assists in 

determining a feasible migration strategy; 
• The use of test tracks and off-site system test facilities including intensive computer simulation to gain 

extensive experience and to prove the reliability of the software and systems before they are used in 
operational running; 

• A quality-driven process in which the reliability and functionality of the system takes precedence over the 
strictness of the time schedule; 

• Clear quantified targets for software maturity, hardware and for the acceptance criteria and processes – 
lifecycle maturity approach; 

• Extensive training on the new system and intensive involvement from a relatively early stage in its 
implementation, especially for all personnel who will be operating the system when it eventually comes 
on-stream. 

6  CONCLUSIONS 

There is no universal approach to the implementation of brownfield resignalling projects on heavily used metros 
that require no operational disruption during the project.  To determine the appropriate implementation strategy, 
the overall risk and benefits to the operator and stakeholders must be balanced taking a whole system approach 
to the project implementation, including the condition and ability to modify the existing assets, technology options, 
rolling stock (new and existing), local culture and practice and the ultimate overall costs.   

The implementation contract and specification must be drafted specifically for the brownfield resignalling project, 
including the technical strategy and the OR management approach, including specifically implementation risk 
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management, maturity assessment and acceptance targets.  Where possible, the proposed technical solution 
should be demonstrated in a development contract before committing to a formal contract for any resignalling.   

Software maturity assessment is one of the key aspects of ORM and needs to be recognised and techniques 
developed to assess maturity and readiness, with the use of perhaps more formal methods in the future.  With the 
increasing complexity of software based systems, it is extremely difficult to verify or validate changes to suppliers’ 
core signalling products.  Therefore, minimising change to suppliers’ core systems should be a target in ORM and 
operators should avoid including their own specific “special requirements” as far as possible.   

Ultimately, once the project strategy has been determined and the project is underway, continuous attention to 
detail is vital to manage OR to an acceptable level, supported with sound contingency plans in case of problems.   
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SUMMARY 

Managing a developing rail network, in the midst of ever evolving train control and communication technologies 

and dynamic customer needs, requires an organization such as the Gautrain Management Agency (GMA) to keep 

abreast of technology evolution and market changes.  For the GMA the success of projects to extend the network, 

acquire additional rolling stock and upgrade signalling, whilst maintaining the existing network, lies primarily in 

understanding the evolution of technology and in creating a technology roadmap that will see the organization 

through to the fulfilment of its goals. 

This paper focuses and elaborates on a Signalling, Train Control & Communication technology forecast, from a 

global perspective, and is structured in the following manner:  Major train control & communication technologies 

are analysed according to their technical architecture, function and application;  A comparison is conducted 

between various technologies in order to demonstrate the difference in performance;  Analysis of possible 

technology convergence is discussed;  Lastly, illustration of the train control & communication technology forecast.  

The methodology of forecasting is discussed and the forecast is achieved by making use of S-curve graphs, which 

indicate the technology life, market life against technology growth, in time. 

1 INTRODUCTION 

It is inevitable that the Gautrain Rapid Rail Link (GRRL) will be affected by technological changes in the railway 

signalling, train control and communications fields.  This presents a host of opportunities, including the 

development of systematic approaches to anticipate the potential direction, characteristics and effects of 

technological changes; more especially concerning the effects on cost and technology life cycle.  Needless to say, 

the technological changes in the railway signalling, train control and communications systems also present a 

number of challenges linked to obsolescence and cost escalation. 

As part of Technology Management, a technology forecast provides the GMA with the necessary knowledge and 

understanding of the evolution of railway signalling, train control and communications technology for better 

planning and decision making and provides a consensual vision of the future technologies.  It assists in maximizing 

gain and minimizing loss from future technological conditions. 

The Paper is concerned with the forecasting of railway signalling, train control and communications technology at 

system level and excludes forecasting of subsystems. It defines and describes the major signalling, train control 

and communications technologies and elaborates on their key functions and characteristics.  The technology 

forecast herein is set from a global perspective. 

2 TECHNOLOGY ANALYSIS 

The purpose of this section is to provide a brief technical description and application of each major signalling, train 

control and communication system (Conventional Signalling, CBTC, ERTMS, CTCS and PTC) prior to going 

through the Technology Forecast of each, in order to create context to the reader.  
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2.1 Signalling and Train Control 

2.1.1 Conventional/fixed-block signalling 

In Conventional Signalling, train detection is achieved by the train axles shorting an electrical current inserted into 

the signalling rail.  Block sections are created by cutting the signalling rail into blocks with insulating joints between 

them; the other rail is used for traction power return and is continuous.   Alternatively, the track can be divided into 

sections by use of joint-less track circuits, without block joints except over turnouts. 

The signalling system detects the presence of a train by the relatively rough measure of block occupancy.  It does 

not know the position of the train within the block.  At block boundaries, the train will occupy two blocks 

simultaneously for a short time and only a fraction of the train (front or rear) may be within the block.  In a two-

aspect block system (Gautrain system), the signals display only a red (stop) or green (proceed) aspect.  A minimum 

of two empty blocks must separate trains, and these blocks must be long enough for the braking distance as well 

as an overlap (safety distance).   

Figure 1: Throughput versus number of signal aspects (Parkinson & Fisher, 1996) 

A two-aspect signalling system does not provide the capacity normally required on busy rail transit lines.  Increased 

capacity can be obtained from multiple aspects where intermediate signals advise the driver of the condition of the 

signal ahead, so allowing a speed reduction before approaching a stop signal.  Block lengths can be reduced 

relative to the lower speed, providing increased capacity.  The increased number of blocks (shortened block 

sections), and their associated controls and colour-light signals, can be expensive.  There is a diminishing capacity 

return from increasing the number of blocks and aspects as shown in Figure 1.  This figure also shows that there 

is an optimal speed to maximize capacity.  Between stations the line capacity is greatest with maximum running 

speeds of between 40km/h with three aspects and 55km/h with 10 aspects.  At the station entry – invariably the 

critical point for maximum throughput – optimal approach speeds are from 25km/h to 35hm/h.  It is also important 

to note the fact that capacity within a station area is dependent on station “dwell times” and can be improved by 

allowing the following train to get as close as possible to the one ahead.  In conventionally signalled lines, this 

means getting overlaps to fall just clear of the rear of earlier train; not only when it is stopped but also whilst 

decelerating on its approach to the platform. (Parkinson & Fisher, 1996:18) 

To enable a train driver to control a train’s speed and to apply braking in accordance to multiple aspect colour-light 

signalling requires considerable accuracy in order to gain more on throughput and consideration must be placed 

on the costs associated with of increasing the number of aspects.  
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2.1.2 Automatic train protection  

Safe movement of trains is ensured by means of Automatic Train Protection (ATP); in order to prevent train 

derailments and collisions.  If a system is said to have ATP, it means that train protection is accomplished (either 

completely or mostly) by automatic devices without direct human involvement.  In the Gautrain system, the 

conventional signalling described under Conventional Signalling is basically overlaid with an ATP system.  The 

ATP system ensures that train speed is controlled and is maintained at or below the speed limit in order to prevent 

collisions resulting from going too fast to stop within the available distance and prevent derailments due to 

excessive speed on curves or through turnouts. 

In a conventional system, these functions are performed by the train driver who maintains visual observation of the 

route ahead and handles the train according to operating rules and procedures.  It is important to note that in the 

Gautrain system, human control has not been substituted, the ATP will take over the train by applying brakes when 

the train driver fails to adhere to speed limits or movement authority. 

2.1.3 Communication-Based Train Control  

In Communication-Based Train Control (CBTC) systems “limit of movement authorities” for each train are updated 

and sent to trains in real-time, based on actual train movements. In accordance to the IEEE1474.1-2004 Standard 

for Communications-Based Train Control Performance and Functional Requirements (2009), CBTC is: 

• A continuous ATP system utilizing high-resolution train location determination;  

• Independent of track circuits;  

• Continuous, high capacity, bidirectional train-to-wayside data communications;  

• And train-born and wayside processors capable of implementing ATP functions, as well as optional 

automatic train operation (ATO) and automatic train supervision (ATS).   

Compared to track circuit based application, CBTC enables trains to safely follow each other at much shorter 

headways.  CBTC technology relates to a range of proprietary systems which are not compatible.  Figure 2 

illustrates a type of CBTC system making use of radio communication. European Train Management. 

Figure 2: CBTC System Architecture  (Camargo Jr, et al., 2006) 
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The speed, position, braking distance, travel direction and other data pertaining of the trains is continuously 

calculated and relayed to the wayside equipment by making use of radio communication.  This information allows 

calculation of the area potentially occupied by the train on the track and thus provision of movement authority for 

the trains.  The Radio Communication Network provides continuous geographic coverage within CBTC territory for 

communication between the train borne and wayside CBTC equipment. 

CBTC systems are most suitable for use in urban railway lines with much shorter journey times and typically single 

service and consistent service patterns.   

2.1.4 European train control 

ERTMS, the European Rail Traffic Management System, has been specified to create a common standard across 

Europe in order to deal with technical barriers that hinder the development of rail transportation where each railway 

relies on different proprietary solutions.   

ERTMS is a train command system made up of two main parts: the communication system based on the GSM 

network, GSM-R (detailed under Section 6.2); and the European Train Control System (ETCS) as the signalling 

control command system. The ERTMS specification specifies the overall functionality and the particular interfaces 

at “the air gap” between sub-systems.  This allows any manufacturer’s train-borne equipment to work with any 

manufacturer’s trackside equipment.  ETCS has been specified with several variants / levels (details of which can 

be found in Error! Reference source not found.). 

Table 1: Levels of ERTMS  (Kapsch Group, 2010) 

Both ETCS and GSM-R are based on an open specification and have been developed by a group of suppliers 

under UNISIG.  It is most suitable for use in high speed lines with long journey times and mixed speeds and traffic 

types with wide variation in route and pattern, for a couple of reasons: 

• Large amount of European investment has been directed to high speed lines; 

• ETCS has not been implemented with packet switching yet. Radio capacity within a radio cell rapidly 

runs out. There are not a lot of frequencies available to use within the permitted spectrum; 

ETCS offers best advantage if lineside signals can be eliminated. Unless all trains intended to use a given area 

are ETCS equipped, lineside signals need to be retained.   
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2.1.5 Chinese train control  

The Chinese Railway, similarly to Europe, are faced with the need for the removal of technical incompatibilities 

that exist in signalling systems for the achievement of interoperability.  For this reason, the Chinese Railways have 

chosen to use the CTCS (Chinese Train Control System).  The objective of CTCS is to define the signalling system 

that will become a standard in Chinese Railways.  All signalling systems, existing and new, imported and Chinese 

systems, will be interoperable and in line with the CTCS standard.  Due to the Chinese rail network configuration, 

CTCS was developed with five different levels, indicated in Table 2 below.   

Table 2: Levels of CBTC System (Ning, et al., 2010) 

2.1.6 Positive Train Control 

The U.S.A Rail Safety Improvement Act (RSIA) 2008 was signed into law which requires all Class I railroads and 

commuter railroad to implement Positive Train Control (PTC) as a mandatory collision avoidance system on their 

networks by 31 December 2015.  This is motivated by a major train accident in Chatsworth California in September 

2008 involving a head-on collision between a Union Pacific freight train and a Metrolink commuter train.  The initial 

key objective of PTC regulation was to create a common set of standards for safety technologies.  PTC adaptation 

was not mandatory prior October 2008 and larger railroad operators were already implementing pilots of Advanced 

Train Control Systems (ATCS), with proprietary technologies, having no common standard for hardware 

subsystems and communications protocols.  Two technical mandates were introduced by the RSIA: 

• Interoperability of all PTC systems; 

• A set of core objectives defining the functionality of a PTC system (Joint Council on Transit Wireless 

Communication, 2012), to prevent: 

o Train-to-train collisions; 

o Over-speed derailments; 

o Incursions into established work zone limits; 
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o Movement of a train through an improperly aligned wayside switch. 

In 2011, the IEEE 802.15 Positive Train Control group was formed to investigate the establishment of a world-wide 

open standard for the wireless component of PTC systems.  The group includes equipment manufacturers, U.S. 

government and foreign agencies, transit systems integrators, semiconductor manufacturers, academic 

institutions, transit and rail industry associations and rail operators.   

Figure 3: PTC Architecture and Operation  (Baker, 2012) 

200MHz VHF will be used for communication between wayside systems and the train as well as between the train 

and the Back Office intermediary network.   

Though the concept of PTC is suited for both freight and commuter trains, the communications make applicability 

to certain rail environments pose a number of challenges.  The freight-oriented Class 1 railroad operators have 

acquired spectrum licenses nationwide in the 220 – 222MHz range. According to Baker J. (2012) while this is 

sufficient for PTC applications in rural and most urban environments, it presents a challenge in higher density 

urban environments.  The high-volume transit operations of large metropolitan transportation agencies will place 

much greater demand on communications network capacity and throughput.  As a result, availability of sufficient 

radio spectrum in high density rail corridors presents a problem that will need to be fully addressed.

2.2 Communication Systems 

2.2.1 TETRA 

TETRA was developed from the start as an open harmonized digital PMR standard within ETSI.  As an ETSI 

approved system, it has a significant commercial advantage both from the point of view of manufacturer and 

operator support and that of governments. The main target of the TETRA standard is to define a set of interfaces, 

services and functionalities to cover the needs of the traditional PMR professional users, making easy the 

interoperability between the products designed by all the vendors.  

PMR and TETRA have had a considerable expansion and success, due to the development of train-to-ground 

radio equipment in the 450MHz band.  Initially they were used mainly for voice communication dedicated to remote 

control and maintenance of vehicles, and it was natural to connect devices through these radios.  Two major 

limitations hinder TETRA technology: 

• Bandwidth is limited; 

• Overload on the UHF spectrum  
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2.2.2 GSM-R 

The GSM for railways (based on the public GSM cellular technology) is a radio communications system which 

provides voice and data services required for train operations, maintenance services and train control.  GSM-R is 

based on the Technical Specifications for Interoperability and is a data communications bearer for ERTMS Level 

2 and Level 3, as well as CTCS.  There are two fundamental EIRENE specifications that define the GSM-R 

requirements that are relevant to interoperability of the rail system within the European Community and specifies 

the functional requirements for a digital radio standard: 

• Functional Requirement Specification; 

• System Requirement Specification. 

The GSM-R architecture is outlined in Figure 4. 

Figure 4: GSM-R System Architecture  (Ciaffi, 2016) 

The frequency of GSM-R networks differs slightly from country to country and uses a lower extension of the 

900MHz frequency:  

• 876 MHz — 915 MHz for uplink and  

• 921 MHz — 960MHz for downlink.  

In South Africa and China, GSM-R occupies a 4 MHz wide range of the 900 MHz-GSM;  

• Uplink: 885–889 MHz and  

• Downlink: 930–934MHz .   

The applications of GSM-R include those of the GSM network and railway specific services and facilities as shown 

on Figure 5 below.   
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Figure 5: GSM-R Applications  (Kapsch Group, 2010) 

Voice Broadcast and group call facilities: All mobile equipment (ME) except ETCS data only radio are to 

support these services as defined in the GSM specifications; 

Enhanced Multi-Level Precedence and Pre-emption: This GSM specification is implemented to achieve the 

high performance requirements necessary for emergency group calls.  It is also necessary to meet different grades 

of service requirements for different types of communications traffic on the system. 

2.2.3 LTE-R 

LTE is the 4G wireless technology standardized in 2008 by the 3GPP and has been widely accepted by wireless 

services providers. The two prevailing standardization bodies (3GPP and 3GPP2) have selected LTE as the 

evolution of their current 3G standards and it is the first true convergence standard for mobile communications 

worldwide.  In accordance to Bertout & Bernard (2012:6), 3GPP has already undertaken definition of next LTE 

version called LTE advanced or “release 10” and that will bring significant improvements: 

• Multiple LTE carriers aggregation in channels of up to 100MHz and therefore enable a higher 

bandwidth; 

• Better ratio performance at the cell level to be able to serve more terminals; 

• Cell coverage extension due to low cost radio relays; 

• Network self-optimization functions (SON). 

Evolved Packet Core (EPC) and an access radio network UMTS Terrestrial Radio Access Network (E-UTRAN) 

are the core network for LTE.  The operation and deployment of a standard network for every 3GPP access network 

is made possible by the employment of the EPC (all IP) based and multi-access network. The main components 

of LTE architecture are therefore as follows and depicted in Figure 6:  
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Figure 6:  LTE Architecture (Bertout & Bernard, 2012) 

With regards to rail application, there are a great number of elements driving the demand for the next generation 

of communication system for rail: 

• New services demanding more bandwidth; 

• Life duration and anticipated obsolescence of existing systems; 

• Cost of rail specific systems, both in terms of capital investment and operations with high level of 

maintenance. 

LTE (4G) seems to be the ideal candidate for this next generation of railway communication and is now promoting 

the creation of new services and applications for customers towards the improvement of communication.  The main 

benefits of LTE are (Bertout & Bernard, 2012:5): 

• 4G convergence standard worldwide; 

• Provides state-of-the art broadband performance (i.e. for video surveillance, handover between cells, high 

speed); 

• Carries and prioritizes both vital and non-vital services; 

• Provides flexibility of deployment; 

• High network availability and robustness required by signalling and control. 

2.2.4 Satellite 

The incorporation of satellite communication services in railway signalling systems is now a possibility.  As part of 

the Train Integrated Safety Satellite System (3InSat) project, co-funded within the framework of European Space 

Agency’s ARTES 20 programme, tests of a demonstration system have been deemed a success, on a regional 

railway on the island of Sardinia (Italy).   

The 3InSat project’s objective is to   develop and validate a new satellite-based platform - a multi sensor Location 

Detection System using GPS, GLONASS, EGNOS and Galileo with the objective to guarantee the safety 

requirements of SIL4, and on the telecommunication part, will select and implement an integrated SatCom (e.g. 

mobile satellite services) and terrestrial (e.g. TETRA, public GSM) system able to guarantee full coverage along 

the rail tracks – to be integrated into an ERTMS system. 

As illustrated by the block diagram below (Figure 7) the system architecture has a modular design. The functions 

are distributed among the following elements: 

• Space segment (GNSS + SATCOM) – provides the reference satellite signals required for train 

position and for real-time correction distribution; 

• Augmentation and Integrity Monitoring Network  

• On board unit Localization Determination System (OBU LDS) + Hybrid (satellite and terrestrial) 

telecommunication module + MAR) – determines the train position and relay it to the virtual 

balises by use of the local GNSS signal, the augmentation information for integrity monitoring 

and the digital track map, as well as the SIL 4 odometer data 
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Figure 7: 3InSat Architecture  (Ciaffi, 2016) 

The 3InSat project has the objective to introduce a train monitoring and control system, based on the European 

and international regulations, adopting satellite based navigation and telecommunications systems. The 

investments required along the rail tracks and the related maintenance activities will be minimised, due to a 

reduction of line-side equipment by the replacement of locating balises with a satellite positioning system (virtual 

balise). This investment reduction will enable efficient and safe operations where today this cannot be sustained.  

A key challenge with satellite navigation is that multiple satellites must be in line-of-sight with the train which is an 

issue with urban or underground routes, or other routes with tunnels and deep cuttings. 

More specifically the objectives are: 

• On the positioning part, the 3InSat project is aimed at designing and developing Location 

Detection System (LDS) prototype using GNSS and ERTMS functions with the objective to 

guarantee the stringent safety requirements of SIL4 at the signalling system level. 

• On the telecommunication part, the integrated solution combines the use of SatCom, 2G/3G 

systems and TETRA as a communication link between the on-board train control system 3InSat 

will select and implement an integrated solution based on the combination of SatCom, 

2G/3G  systems and TETRA to realize a link between the on board train control system and the 

ground based infrastructure A Mobile Access Router (MAR) prototype will be developed to 

manage the multiple wireless links on-board. 

3 TECHNOLOGY FORECASTING 

3.1 Technology Comparison 

Table 3 and Table 4 below provides a comparison in performance and maturity between various technologies. 
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Transmission 

Rate 

Handover 

Mechanism 

Propagation 

delay 

(seconds) 

Operating 

frequency 

(Hz) 

Priorities / 

Pre-

emption 

Market 

support 
Maturity 

GSM-R 
Requires voice 

call connection 
5 - 10Kbps 

Open 

standard 
1 to 5sec 

800 - 

900MHz 

eMLPP (for 

emergency 

group calls) 

Supported 

until 2025 

Growth (End of 

further development 

- 2025, GSM in 

Decline) 

LTE(-R) 
Packet 

switching (UDP 

data) 

50/10Mbps Open   100ms 
Variable 400 

- 3.5GHz 
9 Levels/yes 

Yes, 

building 

standard 

State-of-the-Art 

TETRA Yes 5 - 10kb/s 
Open 

Standard 
250ms 

400MHz 

PMR 
No Yes Mature 

Wi-Fi Yes >10Mbps Proprietary 100ms 

 License-free 

ISM 2.4 GHz 

or 5.8 GHz  

3 Levels/no Yes Mature 

Satellite Yes >2Mbps 
Proprietary 

for Rail 
400 - 600ms Limited 

18 GEO 

Satellites 

(target is 30) 

Yes Cutting Edge 

Table 3:. Comparison of Performance and Maturity of Communication Systems 
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SIGNALLING AND TRAIN CONTROL SYSTEMS 
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*Capacity 

(TPH) 

*Headway 

(minutes) 

Inter-

operability 

Market 

Support 
TLC Stage 

Safety Level 

Certification 
RAMS Monitoring 

Train-To-Ground 

Communication 
Passenger Information 

Conventional 

Signalling 
20 3 

Relay/Electronic 

Interface 
Limited Decline N/A No 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

Conventional 

Signalling with 

ATP 

20 3 
Relay/Electronic 

Interface 
Limited Decline 

 SIL4 for 

Electronic 
No 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

ETCS L0 20 3 Yes Supported Mature SIL4 
No - Require Stand-

alone system 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

ETCS L1 20 3 Yes Supported Mature SIL4 
No - Require Stand-

alone system 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

ETCS L2 24 2.5 Yes Supported Growth SIL4 Limited Yes Digital Radio                           

PIS - Train control system                      

Passenger & station info for 

scheduling 

ETCS L3 30 2 Yes 
Supported, 

Developing 
Cutting Edge SIL4 

Yes - Under 

development 

Yes - Digital Radio. VoIP 

capability with Satelitte Comms                           

PIS - Train control system                      

Passenger & station information for 

scheduling 

CTCS L0 30 3 No Supported Mature SIL4 
No - Require Stand-

alone system 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

CTCS L1 20 3 No Supported Mature SIL4 
No - Require Stand-

alone system 

Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 
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CTCS L2 24 2.5 Yes Supported Growth SIL4 
No - Require Stand-

alone system 

Train/Trunk Radio - Stand-alone 

System                        
PIS - Stand-alone System 

CTCS L3 30 2 Yes Supported Growth SIL4 Yes 
Train/Trunk Radio - Stand-alone 

System                           
PIS - Stand-alone System 

CTCS L4 30 1 Yes 
Research & 

Development 
Cutting Edge SIL4 Yes Not defined 

PIS - Train control system, Passenger 

& station info for scheduling 

CBTC 30 1.5 No Supported Mature SIL4 Yes 

Yes - WiFi, Wiggie, WAN, etc. 

VoIP capability with Satellite 

Comms                           

PIS - Train control system                      

Passenger & station info for 

scheduling 

PTC 27 2.25 No 
Supported, 

Developing 
State-Of-The-Art In Progress No 

Yes - Digital Radio. VoIP 

capable with Satellite Comms                           

PIS - Train control system                      

Passenger & station info for 

scheduling 

* Achievable Capacity and Headway are influenced by the network design and rolling stock capabilities.  The numbers provided are typical Gautrain railway network, as-built. 

Table 4:. Comparison of Performance and Maturity of Signalling and Train Control Systems 
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3.2 Technology Evolution 

It has been well noted in the previous sections that there are fundamental differences in application and suitability 

between CBTC, ETCS & CTCS. Thus this section deals with the prospects of the merger and standardization of 

the three technologies, the progress made so far and what the means for the railway industry.  

3.2.1 ETCS and CTCS 

Proprietary ATP systems across Europe are being replaced by ERTMS, this being the drive of the European 

Commission for interoperability.  This objective is the same for the Chinese Railways.  Both ETCS and CTCS are 

future oriented concepts, based on the whole system and their specifications ensure the interoperability of on-

board and wayside equipment produced by different suppliers. The background and objectives for ETCS and CTCS 

are very similar and are respectively a development requirement of the European railway network and Chinese 

railway network.  Both technologies seek to address issues around interoperability, safety, reliability, reduced 

capital and maintenance costs and the achievement of ‘moving block’.  In as much as it seems that ETCS and 

CTCS are more similar than not, one cannot be oblivious to the differences that exist at the designed levels.  

Though ETCS Level 3 is envisaged to eliminate the need for track circuits as a form of train detection, CTCS on 

the other hand does not completely eliminate the need for track circuits as these are still required within station 

limits. 

It can be noted that ETCS and CTCS possess commonalities and differences.  CTCS is a standardization of the 

Chinese railway signalling systems where ETCS is for the European railway signalling systems.  It is not clear, at 

the current stage whether these two technologies would, in the future, become a global standard for railway 

signalling systems. 

3.2.2 CBTC and ETCS 

CBTC is a propriety-based technology and is most suited for metro/rapid rail transit networks due to higher capacity 

requirements, whereas ETCS (an open standard) is designed to suit high speed, long distance rail networks.  

Though both ETCS and CBTC systems were initially designed to cater for different markets, Gurnik (2015:48) 

points out that some of the actual customer needs for urban and mainline suburban railways have started to merge 

and that the need for interoperability for urban rail networks is becoming apparent as more and more customers 

deal with the challenge of effectively interconnecting specific existing and future lines, supplied by different 

manufacturers.  On the other hand, mainline rail network owners are faced with capacity limitations due to highly 

populated areas As part of the European Union’s programme (EU FP7), a Consortium under the NGTC (Next 

Generation Train Control) research project, which started in September 2013, has been tasked with the analysis 

of the commonalities and differences of required functionality between ETCS and CBTC, thus increasing the 

commonalities in system design and hardware.  It is envisaged that the ETCS functionality will be evolved by using 

the CBTC system solutions, with the aim of achieving synergy and standardization.  A major success factor of this 

project is the achievement of backward compatibility with the ETCS Baseline 3 specification. 

There are a number of principal differences that are required for minimization in order to achieve common standard 

technology between CBTC and ETCS: 

• Messaging: Create a common message structure.  Both the systems have different communication 

or message structures which are highly dependent on installed, often very complex, infrastructure 

elements;

• Moving block principle: Define common ‘moving block’ concepts and principles, applicable to different 

railway types;

• IP-based radio communication: Determine a common set of requirements for an IP-based 

communication for urban and mainline train control systems and to explore possible technical solutions 

for the underlying radio communication technology;
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The NGTC project has, as at 2015, achieved quite a number of project deliverables including, amongst others, the 

comparison analysis of ETCS and CBTC functional requirements and the specification for satellite positioning 

receiver parameters related to interoperability. 

3.2.3 GSM-R and LTE 

The rail industry, predominantly across Europe and Asia, has been using wireless systems for operational 

applications and have deployed various proprietary wireless systems with a separation in use (a separate system 

for signalling and control in unlicensed frequency bands and another system for operational voice). 

GSM-R which is part of ERTMS and is derived from GSM (2G+) carries both signalling (vital) information (i.e. 

ERTMS L2) and voice (non-vital) communication.  Due to the fact that the commercial wireless technologies have 

been evolving from 2G (GSM) voice centric systems to 4G (LTE) broadband multi-service systems, this poses a 

risk of technology obsolescence to GSM and thus GSM-R.  GSM-R end of life is already a concern as the industry 

has committed to maintaining the systems only up until 2025.  Obsolescence is not, however, the only cause for 

concern but the following two aspects are becoming critical for railways operators; this is mostly related to the need 

for wireless systems with the capability of data transmission: 

Maintenance: The need to remotely monitor the condition and status of key components of rolling stock, 

maintenance actions can be planned in advance upon detection of warning information before the fault 

manifests itself.  Remote monitoring requires a huge increase in bandwidth of which commercial low 

speed 2G technologies capabilities are challenged in this regard.  

Real time information (on-board):  There is a demand for on-board real time video surveillance and 

general on-board real time passenger information to respectively monitor/assess any critical situation 

inside the coaches along the trackside and to provide information to passengers regarding the train 

services (e.g. delays). 

The above-stated challenges and requirements call for a new generation of train-to-ground transmission.  There 

are currently, a number of projects that focus on the development of LTE for rail as well as the migration capabilities 

from GSM-R to LTE for rail.  Two projects will be elaborated on: This includes firstly, an LTE 4G pilot project for 

metros in Valenciennes site (France), (CBTC systems supplier and Communications systems producer), in the 

year 2015.  The objective of this project was the integration of LTE technology with CBTC for the provision of a 

single wireless communication system supporting mission critical voice trunking and video communications, 

communication-based train control and broadband data applications such as passenger information systems and 

live streaming of CCTV images. Secondly in the year 2015, is the railway LTE application project for Shuohuang 

Railways in China where the eLTE solution has been tailored to the SHR and uses a 1.8G LTE TDD network to 

enable communications for 20,000-ton heavy-haul trains over long distances. The LTE network supports the multi-

locomotive synchronous control system, controllable train tail system and other heavy-haul train services that 

require a reliable and secure communications system.  (Huawei Enterprise, 2015:21) 

3.3 Technology Forecast 

The technology forecasts herein (Figure 8 and Figure 9), are to be understood and interpreted from both the 

Technology Life Cycle (TLC) and the Market Life Cycle (MLC). Figure 8 and Figure 9 illustrate the industry and 

market structures of the signalling, train control and communications technology life cycle and is demonstrated by 

use of an S-curve; which shows the growth of technology and its market through its life, over time.  Both the TLC 

and MLC should be considered as a series of discrete stages as technology and market evolve through the 

following stages in their life cycle: 

Cutting-edge (1): This stage is concerned with the R&D of a technology.  The risk of investment is high, 

thus not a lot of development companies/suppliers are participating in this stage and the clarity around 

the application is not there.  Therefore the target market is uncertain at this stage; 
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State-of-the-Art (2): As the technology is deployed, the customer base is usually small but sophisticated.  

The market experiences a high rate of product innovations and as a result a great product diversity can 

be observed. The number of development companies/suppliers starts to increase from the cutting-edge 

stage, as there is clarity around application and a decrease to investment risk.  

Growth/Advanced (3): As the technology application, functions and characteristics come towards 

standardization, the market expands rapidly.  The potential profit margins attract a large number of 

competitors and thus the technology no longer retains the requirement for highly technical and highly 

specialized expertise.   

Mature (4):The focus for this stage is removed from product innovation and is set to process technology. 

The strategic thrust shifts to efficient and economy production for cost minimization, which can be 

achieved by capital investments or shifting the production base to the Third world.  The risk of investment 

in this stage is low but the number of competitors is in its highest point.  The “Pacing Technology” is shifts 

to “Key Technology”. 

Decline (5):At this stage, the technology’s prospects for further development is further reduced as it nears 

its end-of-life.  The status of “Key Technology” changes to “Base Technology”.  The older technology 

gives way to newer technology, though the shift occurs gradually.  Fewer and fewer players are party to 

this stage and competitiveness is decreased.  

The Signalling, Train Control and Communication systems are plotted below, on S-Curve is herein used to 

represent technology evolution with technology adoption on the y-axis and time on the x-axis.  When a technology 

is newly introduced, it takes some time to gain acceptance in the market, and after this, rapid adoption of the 

technology takes place.  The curve flattens out in the later stage due to the fact that technology does not grow 

exponentially for an indefinite period of time. 

Figure 8: Signalling & Train Control Forecast 

*  Though ETCS L1 and ETCS L2 are the same system      with 
variants which include that ETCS L1 does not have the radio 
link; they have been plotted on different technology life cycle 
stages in order to demonstrate their progression in as far as 
the technology life stages are concerned. 
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Figure 9: Communications Technology Forecast 

4 CONCLUSION 

This document began by analysing the Signalling, Train Control and Communications technologies that dominate 
the global arena in railway systems, expanding on each technology’s architecture, function and its applications.  
This led to exploration of the evolution of these technologies, looking particularly at the merger and standardization 
of CBTC, ETCS & CTCS and GSM-R & LTE.  Lastly, the forecast of the Train Control and Communication systems 
was conducted with an objective of wanting to understand the growth of each technology and its marker (customers 
and developers) through its life, over time. 

4.1 Technology Analysis  

With fixed block signalling (conventional signalling) increased capacity can be better achieved by application of 
multiple aspects (as opposed to two-aspect signalling).  What can also be concluded on, from the analysis is that 
the CBTC technology is more suited to provide gains on increased capacity and is mostly applicable in urban 
railway lines with shorter journey times.  Where the ERTMS and CTCS are applicable in high speed lines, with 
longer journey times, mixed speeds and caters for a wide variation in route and patterns. 

In railway Communication technologies, the GSM-R network forms part of ERTMS and provides transmission of 
voice and data for railway operational aspects (e.g. configuration of high priority calls) and railway services (e.g. 
Automatic Train Control, Passenger Services).  The growing concern over GSM-R is the bandwidth limitations and 
the near obsolescence issues (predicted at 2025), due to the discontinuation of the GSM network. The LTE network 
on the other hand is seen as the future communication technology for the railway networks.  A number of elements 
drive the demand for the use of LTE in railway networks; this includes the great need for more bandwidth, life 
duration and anticipated obsolescence of existing systems and the cost of rail specific systems.  Satellite 
communication in the railway system is becoming a possibility.  This is driven by the need for the reduction of line-
side equipment; though the challenge with satellite navigation is that multiple satellites must be in line-of-sight with 
the train which is an issue with urban or underground routes. 

4.2 Technology Evolution 

The convergence of CBTC and ERTMS is being investigated, with the objective of increasing the commonalities 
in system and hardware. The major differences required for minimization in order to achieve a common standard 
between the two technologies include Messaging, Moving Block Principles, IP-based radio communication and 
Satellite Positioning. 

In Communication systems, convergence is focused on GSM-R and LTE technologies.  The primary motivation for 

the need of the convergence of these technologies is the obsolescence of the GSM network, the need for more 

bandwidth as more data is required for transmission, particularly for on-board services. 
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