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Abstract

The European Rail Traffic Management System (ERTMS) is being adopted across Europe in order to increase interoperability and minimise the technical and cultural problems of cross-border rail operations.  ERTMS introduces a sophisticated interface in the driving cab that reduces a driver’s reliance on lineside signalling.

The development and implementation of ERTMS in the UK is currently in the strategic planning stages and has major implications for current UK train driving practices.  My colleagues and I in the Human Factors Team in AEA Technology Rail,

have been involved in a number of consultancy studies looking at the Human Factors implications of ERTMS.  

Based upon my practical experiences, and my background in assessing Human Factors aspects of train driving, this paper provides an overview of what I consider to be:

· The key issues to be addressed for ERTMS implementation in the UK;

· The potential problems that will have to be overcome;

· The main Human Factors activities that will need to be carried out.

There are many Human Factors issues relating to ERTMS implementation.  In this brief paper, I have focussed specifically on the following areas relating to train driver activities:

· Ergonomic aspects of the European Train Control System (ETCS) Driver Machine Interface (DMI);

· The impact of a change in UK driving style from ‘head up’ (lineside focus) to ‘head down’ (in-cab focus);

· Managing driver workload during transitions between ERTMS operating modes;

· Implications for driver competency and training.

Introduction

Historically, the systems for managing the movement of trains, and the specific tasks and competencies required by train drivers, have differed from one European country to another.  

In order to enable increased interoperability of operations, and enable trains to cross European borders without stopping, a strategy was formulated in the early 1990s to develop a single Train Control System standard to apply across Europe.  This system - called ERTMS (European Rail Traffic Management System) - was specified by the six European signalling suppliers (UNISIG) and the European Railways acting together under the guidance of the EC. 

Test sites for ERTMS are now in operation across mainline Europe (including the Netherlands, Belgium, France and Spain) and plans are being put in place for the future implementation of ERTMS in the UK.  Following major UK rail accidents at Southall (1997) and Ladbroke Grove (1999), the Professor Uff / Lord Cullen Joint Inquiry report into Train Protection Systems recommended that ERTMS should be installed on the UK mainline rail network as a means of providing Automatic Train Protection (ATP) to minimise the risk of Signals Passed At Danger (SPADs).

A European CENELEC Standard has been produced that defines mandatory and optional elements for the Driver Machine Interface (DMI) aspect of the ERTMS system.  However, careful analysis will need to be carried out to ensure that this Standard is achievable, suitable, and correctly applied for the UK.

The implementation of ERTMS in the UK has huge implications for existing UK train operations, and for the current role of the train driver in particular.  Ensuring that the Human Factors aspects of this change are properly considered and addressed will be essential if the implementation is to be successful.

What is ERTMS?

ERTMS comprises trackside and trainborne systems and utilises an in-cab signalling and ATP element called ETCS (European Train Control System).   ETCS can be implemented at three different levels:

· Level 1 uses transponders (called Balises) on the track to send Movement Authorities (MAs) to the train. Cab signalling on the Driver Machine Interface (DMI) displays the current permitted speed to driver.  The on-board ATP keeps the train within the limits of the MA.  This system is used in conjunction with conventional lineside signalling systems.

· Level 2 uses Signalling Centres (called Radio Block Centres) and GSM-R radio (“ Global System for Mobile Communication”) to transmit MAs to the train. The system has less trackside equipment than Level 1, enables safe operation at higher speeds, and provides a near instantaneous update of the MA.  This system can be used with or without lineside signalling as a backup.

· Level 3 requires the replacement of most existing trackside equipment and uses full in-cab signalling.

For the UK, implementation will be at Level 1 or Level 2; no consideration is being given at the moment to Level 3.  The basic format of the DMI that is used by the driver is the same for Level 1 and Level 2.

Currently, UK drivers are totally reliant on conventional four-aspect and three-aspect lineside signalling to govern their speed and maintain their separation from other trains.  They are trained to learn the route that they are required to drive and rely extensively on applying this knowledge to drive the train safely.  Their route knowledge and memory is used to determine when to stop at stations, the location of bridges and other track features, and when to brake and accelerate in relation to fixed line-speeds.  

UK trains are fitted with some simple train protection systems; however, apart from a very small number of lines that were fitted with ATP, UK drivers do not have any automatic in-cab systems that actively monitor and manage their driving performance.

ERTMS, and particularly the use of the ETCS DMI, will therefore represent a fundamental change to the UK driver’s task and one that will present many Human Factors issues requiring consideration and resolution.  Some of the main issues are as follows:

· Ensuring that the DMI provides an ergonomic ‘best fit’ with UK driver tasks, expectations and competencies;

· Minimising the impact of a change from a ‘head up’ (focussed on lineside) to a ‘head down’ (focussed on in-cab) driving style;

· Determining how the driver can effectively manage transitions between ERTMS operating modes and between fitted and non-fitted routes;

· Addressing the implications for driver competency, recruitment and training.

Driver Machine Interface (DMI) – ERGONOMIC Issues

The ETCS Driver Machine Interface (DMI)

The basic format of the DMI for ETCS  that is being adopted in mainline Europe and proposed for the UK is shown below.  

· The Speedometer provides details of current and target speed and provides an indication to the driver when automatic brake intervention is imminent or has occurred (i.e. the ATP function).

· To the left of the speedometer is the Brake area.  This contains a square which grows in size to indicate predicted time to brake intervention, and a vertical bar which indicates the distance remaining to the brake target (the longer the distance, the larger the bar will be).  
· To the right of the speedometer is the Planning Area.  This provides the driver with information on upcoming geographic and line features and reduces the driver’s reliance on knowledge of the route.

· At the bottom of the DMI are areas where additional information, feedback and messages are displayed to the driver via the use of symbols.  There is a specific area in the bottom right dedicated to the display of information relating to the integrated radio system.
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Amount of Information Displayed

One of the biggest changes for UK drivers with the introduction of ERTMS will be the need to monitor, assimilate and respond to the large amount of information that is presented on the in-cab DMI.  It is proposed that ETCS will be able to display up to 147 different symbols and detailed information for forward route planning.  Will UK drivers be able to handle this change without impacting on safe performance?  The cognitive workload demands associated with use of the new DMI will need to be carefully assessed to ensure that drivers can cope with the increased demands on their attention, memory and decision-making abilities. 

In order to minimise the likelihood of any problems being caused by information overload, the following ergonomic principles will need to be followed before the DMI specification is finalised for UK use:

· The safety and operational criticality of data, it’s applicability to driver tasks, frequency of application, and the amount of redundant coding required will all need to be determined in order to determine what should be displayed and when.  Application of the principle of functional grouping will help to ensure that information is presented in the most logical and user-friendly manner.

· The criticality and applicability of each symbol will need to be assessed with respect to UK driving operations, as well as identifying any requirements for additional UK-specific symbols.  The maximum number of symbols that could be reliably and meaningfully displayed to the driver will need to be determined.  It may be that 30 symbols could do the job of 147.

· The applicability of the Planning Area to UK operations will need to be carefully considered.  Whether or not it is required is likely to depend on whether lineside signals will be retained and the degree to which there will be a continued reliance on driver route knowledge. 

Format of Information Displayed

The format of the “distance to brake” (growing square) and “distance to go” information (logarithmic scale) that will be presented on the DMI will be totally alien to UK drivers who are unfamiliar with ‘speed signalling’ and rely on route knowledge to know when to brake.  To help drivers to change their current working methods and learn to use and rely on this new system, it will be essential that an effective training and refresher programme is developed.   Obtaining drivers’ trust in the system will be crucial to enable this culture change in drivers’ working practices to take place.

A similar issue of consistency with existing UK driving and signalling conventions applies in relation to the display of speed information on the speedometer.  Drivers in mainline Europe use Kilometres per hour (Kph) while the UK uses Miles per hour (Mph) on both rail and road.  The potential safety consequences due to confusion over speed information are obvious.  How can this issue be resolved?

It is unlikely to be financially viable to change all UK lineside signs to Kph unless the decision is taken to adopt Level 2 ERTMS without lineside signalling.  Therefore, other options will need to be considered: 

· The existing Mph speedometer in UK driving cabs could be retained alongside the ETCS DMI.  However, this would present potential problems due to space restrictions and would also require the driver to look at two completely different displays to obtain and compare speed information.

· Alternatively, a speedometer with dual Kph / Mph calibration could be considered. At the moment, this would appear to be the most promising option.  Specific driver training would need to be provided to ensure that the use of the speedometer was clearly understood.

· To complement the speedometer information, it would be advisable to provide dual information on lineside signs at key locations (i.e. where there is a transition between non-fitted and ERTMS-fitted lines).  

Data Entry Requirements

Another aspect of the ETCS DMI that will be new to UK drivers is the requirement for data entry.  Drivers will be required to enter safety critical data at system start-up. 
In order to minimise the likelihood of error in data entry it would be better from a Human Factors standpoint if the most safety critical data could be uploaded automatically, with the driver being required only to check and ‘accept’ system-generated data. The use of a checklist-type approach to the user dialogue system could help to reduce the likelihood of incorrect data input and minimise the cognitive and memory requirements for the driver. Robust swipe cards or personalised bar code key fobs would be a potential way of providing personal driver information.

The European Functional Requirements Specification for ETCS also states that the driver must be able to consult train data when the train is moving.  However, the implications of this for driver workload and the potential for distraction will need to be properly assessed.   Similarly, the proposed option of touch-screen operation will require detailed evaluation.  Potential problems associated with the use of touch-screen controls on the DMI could include:

· Degradation of the display due to environment;

· Selection errors due to inadequate space;

· Obscuring of the selection area on the screen;

· The risk of inadvertent operation.

Number of Audible Alarms

UK drivers are already presented with a variety of audible alarms in the cab, including the Vigilance Device, Automatic Warning System (AWS) and Train Protection and Warning System (TPWS).  It will need to be ensured that ETCS does not introduce too many new sounds, and that any new audible indications are suitably distinct from existing audible alarms.  

An exercise to rank audible alarm indications with respect to safety criticality would help to determine which alarms should take preference over others and to decide on the maximum number of separate audible alarms and indications to be presented.  

An overall alarm philosophy will be required for the driving cab, and wherever possible system integration should be considered.  It is likely that the implementation of the ETCS DMI will provide the opportunity to reduce the total number of separate audible indications by integrating some existing alarms (e.g. the Vigilance Device) into the ETCS DMI.  Similarly, some of the existing safety systems such as TPWS may no longer be required once ERTMS is fully operational.

Impact of Increased Automation

The introduction of the ETCS DMI will result in an increased level of system automation in the driving cab, and this could lead to potential problems for drivers. The types of problems typically created by increased automation are well understood from the nuclear, defence and aviation industries. Common problems that will need to be considered and addressed for the UK implementation of ERTMS include:

· Too many modes -  the driver may be unclear what mode the system is in;

· Unclear intentions by the system, particularly following an abnormal event;

· Lack of trust in system -  it is important that drivers 'buy-in' to the concept of ERTMS;

· Lack of transparency of system processes - this has to be addressed by training in the operational philosophy of ERTMS;

· Decrease in the potential for driver error detection and correction;

· Decrease in driver job satisfaction.

A failure to adequately address the above issues for UK implementation could lead to a decrease in driver performance reliability, and the potential for increased error rates, particularly in the event of infrequently occurring abnormal operating scenarios.

“Head Up” versus “Head Down” Driving

The fundamental change to UK driving practice that will be introduced by ERTMS will be an increased focus on ‘head down’ driving, in other words – focussing on the information presented on the DMI in the cab rather than on the outside environment, and particularly the signals on the lineside. Effectively managing this change in driving philosophy is likely to be the biggest challenge for the UK.  
If the intention for UK implementation of ERTMS is to retain a 'head up' driving philosophy in the cab, the driver’s focus of attention will remain primarily on lineside signalling, with supplementary information presented on the DMI to enable supervised driving at increased speeds where possible.  To ensure the success of this approach, the information presented on the DMI will need to be kept to a minimum, with the driver's attention being actively drawn to critical information only where necessary.  
If the decision is taken to implement Level 2 ERTMS without lineside signalling (i.e. a switch to a completely ‘head down’ philosophy), then the Human Factors issues are more complicated.  One key area of concern will be when drivers are required to switch from driving on non-ERTMS-fitted lines (with lineside signals) to ERTMS Level 2 with no lineside signals within a single journey:

· How will the driver be alerted to make the transition between 'head up' and 'head down' driving modes? 

· Should lineside signs or in-cab alarms be used, or both?  

· What additional information will be needed on the DMI once the transition to 'head down' operation is complete? 

One of the main issues to be addressed if there is a change to a predominantly ‘head down’ driving philosophy will be a cultural one.  UK drivers are likely to be reluctant to switch to such a system and building up sufficient trust in ERTMS will be essential if the driver culture is to be effectively changed. 

Successful implementation of this fundamental change in driving philosophy will also require a significant amount of Human Factors input in other areas including input to the revision of rules and procedures, and involvement in the establishment of requirements for driver competencies and training.

ERTMS transitions and Cognitive Workload

Phased implementation of ERTMS in the UK could result in different levels of ERTMS being implemented on different lines.  Therefore it is possible that a driver could be required to drive from a non-ERTMS-fitted line (Level 0) onto an ERTMS-fitted line, or between Level 1 and Level 2 ERTMS-fitted routes.  In total, there are 12 possible transitions between ERTMS Levels 0, 1 and 2.  Although most of these transitions will be system-generated and ‘automatic’, each transition will still have a specific impact on the driver and his or her cognitive workload.

Any task activity that has to be performed by the driver will have an associated impact on his or her workload, both physical (e.g. number of buttons to be pressed or displays to be scanned in a given time) and cognitive (e.g. interpretation of data and decision-making requirements).   In work undertaken by the author and colleagues, the estimated impact on driver cognitive workload of the various possible ERTMS transitions was as follows:

	Cognitive Workload
	Transition
	Example

	Very High
	Change in level of supervision and change in driving philosophy (‘Head Up’ vs ‘Head Down’)
	Level 0 to Level 2 (no lineside signals), and vice versa

	High
	Change in level of supervision
	Level 0 to Level 2, and vice versa

	Medium
	Change in driving philosophy only
	Level 2 (no lineside signals) to Level 2, and vice versa

	Low
	Transition between supervised states
	Level 2 to Level 1


In order to ensure effective performance under ERTMS and minimise the risk of safety critical errors and/or adverse health effects for the drivers themselves, it will be essential that the cognitive workload on the driver is kept within optimal and manageable levels.  

Further detailed Human Factors analysis on this issue will be necessary in order to develop guidelines for the management of ERTMS transitions.  Simulator trials will need to be carried out in order to establish estimated workload levels. Once this has been done, it should be possible to define guidelines for the number of transitions that it is acceptable for a driver to deal with within a particular time period. Examples of the types of issues that may need to be covered within the guidelines include the following:

· The number of transitions should be limited as far as possible based on consideration of the driver’s cognitive workload within a particular timeframe.

· Transitions should be carried out sequentially, not concurrently.  
· A suitable length of time will need to be allowed so that the driver can carry out a transition successfully, and if necessary - carry out recovery actions. Unrealistic performance expectations should not be imposed by the timetable.

· The presentation of clear information to the driver in a timely manner will be essential to help minimise the potential for driver error in the transition process. 

· All transitions requiring action by driver should be advised by lineside signs.
DRIVer Competency and Training

The significant changes to the role and duties of train drivers in the UK caused by the implementation of ERTMS will need to be reflected in the establishment of new competency standards and the requirements governing training.

Because of the new demands imposed on the driver by the increased focus on the in-cab ETCS DMI, revisions to existing driver competency and fitness standards may be required in relation to visual acuity, hearing, decision-making ability and computer skills.

Developing a suitable training programme for drivers will be a difficult task, and will be highly dependent on the way in which the system is implemented across the country. The optimum rate of driver training will need to be defined based upon a realistic consideration of the delivery rate of ERTMS-fitted vehicles and the availability of drivers within the current operating timetable. 

The training programme should seek to avoid the need for re-training that could be caused if there are long delays between initial training and the trains actually entering into service. The availability of simulators at different locations throughout the UK is likely to be important in order to be able to meet the national training demand.  

The following general points are made in relation to driver training:

· It will necessary for all industry stakeholders to ‘buy in’ to ERTMS and therefore resources will need to be allocated to informing and educating the industry of the changes in the driving philosophy in a structured and controlled manner.  Therefore, as a precursor to any training, a national briefing programme will need to be considered for all drivers.  This would help to ensure early ‘buy in’ of the new driving concept and would provide the national standard for all industry stakeholders to support.

· The detail of the optimal duration, content and delivery methods for the training programme will need to be determined via a detailed and comprehensive Training Needs Analysis.

· It would make sense for experts in ERTMS driving operations with European experience of pilot operations to be used for the initial validation and certification of the driver training programme in the UK. A 'train the trainer' course could also be developed by these experts. 

· Simulator training is likely to be the most efficient method of familiarising the driver with the system.   The use of simulators will be crucial to enable practise in a full range of potential driving conditions, including degraded and emergency scenarios, and will help drivers to develop a consistent and accurate mental model of how the system works.  Simulators will also enable assessment of driver workload and provide valuable input into the development of the full Training Needs Analysis.

· Training will need to be divided between theory (classroom) and simulator, along with practical training on track. It will be essential that sufficient time is allowed in order to teach drivers the philosophy of ERTMS and to provide a suitable level of detail to ensure that a consistent and accurate mental model of how the system works can be developed. 

Human Factors – what needs to be done next?

There are clearly a large number of Human Factors issues relating to ERTMS implementation that need to be addressed.   So, what are the next steps that need to be taken in the UK relating to Human Factors?

A cross-industry team, known as the ERTMS National Programme Team or EPT, has been established in order to produce the industry plan for the implementation of ERTMS in the UK.  The first task undertaken by the EPT was to produce a report outlining a proposed strategy for ERTMS implementation. 

The EPT Final Report was published in April 2002 and stated that the preferred strategy for implementation is to focus on Level 2 implementation, with possible removal or minimised use of lineside signalling.  The EPT will now need to take forward the various recommendations relating to necessary Human Factors activities.  Railway Safety – the industry’s national safety and standards body - has sent out tenders to industry for the completion of various Human Factors research programmes linked to the ERTMS implementation.

In the short-term, the main Human Factors tasks that will need to be undertaken are likely to be as follows:

· Definition of what is required of ERTMS for the UK.   This initial step will be fundamental in determining how ERTMS should be implemented and will inform many of the specific Human Factors activities that follow.

· Establishment of the requirements for the ETCS DMI.   The decision will need to be taken regarding which elements of the European DMI standard will be retained for the UK.   The best way of integrating the DMI with existing UK driving systems will also need to be determined.  

· Task Analysis of the UK driver’s duties under ERTMS.   This will provide a starting point for the finalisation of the user requirements for the ETCS DMI and will also provide the baseline for the analysis of cognitive workload, and the development of a Training Needs Analysis.
· Production of a Human Factors Integration Plan to ensure that Human Factors and ergonomics issues are addressed effectively throughout the design, build and commissioning lifecycle of ERTMS.  This activity will be absolutely essential to ensure that Human Factors issues are addressed for ERTMS implementation.  The strategy will need to ensure substantial involvement of drivers and other industry experts in trials and testing to ensure that all proposed solutions are user-centred.

· Training Needs Analysis to enable definition of effective driver training programmes and to ensure that the new ERTMS requirements are fully integrated into existing competencies.  The Training Needs Analysis will need to be undertaken alongside a comprehensive evaluation and re-definition of driver competencies to support ERTMS operation.

· Workload Analysis to ensure optimal workload levels for drivers and to enable the effective management of signalling transitions in particular. 
Conclusions

The programme for implementation of ERTMS in the UK provides sufficient time for the necessary Human Factors activities to be carried out.  The system development process is likely to take at least 6 years.  oHowAlthough the Human Factors challenges are substantial, the signs are that the UK is adopting the correct approach to ensuring that Human Factors issues are considered now, at the start of the system development lifecycle.  

The establishment of the EPT and the proposed appointment of a Human Factors Integration Manager to oversee the process will help to ensure that the range of issues discussed in this paper are addressed in a timely and effective manner.
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Abbreviations

AWS

Automatic Warning System

ATP

Automatic Train Protection

DMI

Driver Machine Interface

EPT

ERTMS National Programme Team

ERTMS
European Rail Traffic Management System

ETCS

European Train Control System

MA

Movement Authority

SPAD

Signal Passed At Danger

TPWS

Train Protection and Warning System
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