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AUTOMATION AND THE CHALLENGE OF MAINTAINING SITUATION AWARENESS 
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SUMMARY 

This paper reviews the methods through which Invensys Rail has been applying human factors in metro rail 
control centre design to improve the capability and efficiency of the metro and how this is facilitating the change 
in role of the control centre operator, with particular reference to increasing automation. 

1 INTRODUCTION 

The aim of the metro or rapid transit rail system is to enable the transportation of large numbers of people, at 
high frequency, through urban areas, with minimum land use and at low cost. The first metro was opened in 
London in 1863 and there are now a total of 183 worldwide with more being built each year.  As technology has 
improved the capability and efficiency of the metro has increased and the role of the control room operator has 
become more complex.  

The role of the metro control room operator has always been to ensure the safe and efficient running of the 
service through their section of line i.e. routing trains, monitoring passenger flow and responding to disturbances 
on the line such as signalling or train faults. Originally the area of responsibility was local to the building in which 
the operator was housed and comprised of the line from one signal to the next.  Modern technology has enabled 
remote monitoring and control of signalling and trains. This has resulted in significant changes to the role of the 
control room operator with the introduction of operational control centres that control very large areas with 
multiple lines, serviced by largely automated or completely driverless trains (now installed in 34 cities worldwide).   
These changes have minimised staffing, increased service efficiency, lowered costs, and enabled shorter 
headways between trains. However, this is balanced by the increased complexity of the control room operator 
role that must be suitably addressed in the design of the control system.    

Automated signalling systems, including automated trains, are central to this change and have removed many of 
the labour intensive tasks of previous control systems.  Operators are released to focus on more strategic 
decisions and are able to take control of larger areas.  In normal operation their role is to monitor the 
performance of the railway and detect, predict and respond to any performance degradation, for instance a slow 
service, large gaps between trains, or events likely to cause service disruption (known as service affecting 
events).  As the area that needs to be monitored expands, headways between trains shrink and the driver is 
removed from the system, the question becomes, ‘how can it be ensured that the operator identifies and 
responds appropriately to a service affecting event in the required time frame?’. 

2 NOTATION 

ATR  Automatic Train Regulation 

ERTMS European Rail Traffic Management System 

HF Human Factors 

HCI  Human Computer Interfaces 

 

3 BACKGROUND 

The primary operators to be found in most metro control centres include a service controller (signaller, line 
controller), a service manager (supervisor) and an information assistant.  The primary aims of each of the roles 
are: 
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• Service Controller – to ensure safe and efficient operation of a section of line and safe movement of trains. 

• Service Manager - ensure shift leadership and top level operational strategy is maintained. 

• Service Information Assistant – accurately disseminate information to station staff and public on the state of 
the service. 

It is the Service Controller who is mainly responsible for monitoring and maintaining the performance of the 
railway. Their role changes according to the mode in which the railway is operating.  There are four modes of 
operation for a railway including:  

• Normal – State of normal running incorporating minor disturbances. The system automatically routes the 
trains according to the timetable and automatically compensates for minor disturbances in the system to 
ensure that headways, the time or distance gaps between trains, are maintained. Minimum operator 
intervention is required and their role is reduced to one of monitoring. 

• Abnormal – State of continuing railway operations with specific, planned changes to its configuration or 
equipment (such as special events, engineering works). These anticipated changes are normally managed 
by implementing a special timetable or making changes using the system in advance of the event. During 
the event the demands on the operator are the same as for normal operation.  

• Degraded - State of continuing railway operations with significant equipment failures (such as track related 
failures, communication system failures and adverse weather). These unanticipated service affecting events 
require the operator to identify and respond appropriately to minimize any disruption to the service. The 
operator role changes from one of monitoring to that of strategic planning and response. 

• Emergency - State of the railway in response to a major safety or security event for instance fire, flood, and 
terrorist threat. These unanticipated events require immediate action from the operator to ensure the safety 
of the passengers and system. All operations staff in the control centre and on the railway will need to work 
together to ensure a quick and safe resolution of the event. It should be noted that as the level of automation 
increases there is frequently an associated reduction in staff on the rest of the railway e.g. driverless trains, 
this places greater responsibility for maintaining safety on the control room operators whilst minimising the 
options available for responding to and managing the incident. 

4 EMPLOYMENT OF HUMAN FACTORS IN KEY AREAS 

The activities that Invensys Rail employs to apply human factors (HF) in metro control centre design to improve 
the capability and efficiency are extensive and consider the extent of human capabilities. All activities are 
conducted with reference to past experience and the requirements of the operators and include: 

• Colour and auditory perception.  

• Design of human computer interfaces (HCI) for clear and effective provision of information.  

• Provision of multiple types of interface e.g. wall and desktop displays.  

• Appropriate division of tasks between operators and equipment and how to build in an appropriate level of 
flexibility to enable changes in the division of tasks between roles depending upon the developing situation.  

• Consideration of how systems support the operator in all of their tasks in order to ensure the system is 
accepted and effective.  

The HF methods employed cover the whole spectrum of techniques including task analysis, human reliability 
analysis, link analysis, workload assessment, and operability workshops. This paper focuses on the HF methods 
employed in the design of the functions of the service control system that are key to ensuring that the operator 
identifies and responds appropriately to a service affecting event in the required time frame, hence maintaining 
the capability and efficiency of the metro. These include: 

• Alarms. 

• Track diagram. 

• Flexible allocation of control areas and role responsibilities. 

• Automatic Train Regulation (ATR). 

In this paper a case study is used to illustrate the approach taken to effectively design these key areas. The case 
study metro is a short, automated metro that runs fully underground and has train operators who man fully 
automatic trains.   
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4.1.1 Alarms 

The operator mainly uses alarms and a track layout to monitor the status of the railway and maintain situation 
awareness. As the level of automation in a system increases so does the number of potential alarms posing the 
question “how can we ensure that priority alarms are correctly identified quickly?”.   

International guidance on alarms is given in EEMUA 191 which states that the purpose of an alarm system is to 
direct the operator’s attention towards conditions requiring timely assessment or action. It specifies that each 
alarm should: 

• Alert, inform and guide. 

• Be useful and relevant to the operator. 

• Have a defined response. 

In order to achieve this each alarm, and the method of presentation, should be reviewed by the users. Through 
experience a number of attributes have been identified as being particularly important to include in user review 
including: 

• Priority (there should be a maximum of 3 priorities: High, Medium, and Low). 

• Allocation to role (according to operational role and the area of responsibility on the railway. For instance the 
Service Manager should only receive operational alarms that might have a wider significance to the 
operation of the railway; e.g. if no timetable has been allocated for the current Timetable Traffic Day). 

• Required response (is acknowledgement required?). 

• Clarity of wording 

• Changes to the track diagram to indicate the location and type of the event that caused the alarm e.g. in the 
event of a points failure a blue square appears around the affected points accompanied by the letter ‘F’ to 
indicate ‘failed’(see Figure 1). 
 

 

Figure 1: Points failure indication on the track diagram 

In automated systems where the number of alarms can often number in the hundreds, reviewing each alarm with 
users is time consuming, particularly as it can sometimes be difficult to reach a consensus as to the appropriate 
priority or role. A method that enables a quick and easily repeatable review of alarms is important to ensure that 
workshop attendees remain engaged and that alarms are re-reviewed as required.  The use of affinity diagrams 
has been identified as a simple and effective method for achieving this. It is a method that enables a group to 
work together to rapidly sort and organise data. In brief using affinity diagrams involves:  

• Writing each alarm on a separate sticky note.  

• Dividing your user group into small groups.  

• Getting each group to sort the alarms according to an attribute of interest e.g. priority (this activity should be 
done in silence so that no one is influenced by anyone else's comments). The alarms should keep moving 
until consensus is reached. 

• This consensus is compared with those of the other groups and the differences discussed to reach a 
complete user consensus. 
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Before conducting this activity it is necessary to ensure that all users share an understanding of the headings 
used for each attribute, for example for priority the following categorisations were assigned: 

• High – Immediately service affecting and / or having immediate safety implications for passengers, crew and 
/ or infrastructure. 

• Medium – Will be service affecting after a period of time if no action is taken.  This inaction may have safety 
implications for passengers, crew and / or infrastructure. 

• Low – for information only. 

The production of affinity diagrams has been used to minimise the number of alarms sent to each user and 
ensure that all alarms received are of interest. In addition, in a situation where many alarms are generated, 
correct classification has enabled the system to be designed to ensure that those of highest priority are brought 
to the user’s attention first. Reviewing all of the alarms in one session has enabled the identification of any 
events that initiate multiple similar alarms or a cascade of alarms. Where appropriate the alarms have been 
amalgamated and where a central equipment failure causes the associated failure of other equipment the alarms 
that will mask the initiating failure are suppressed to aid in the identification of the problem and appropriate 
remedial action.   

Affinity diagrams have also been used to review allocation of functions to role and prioritise the information to be 
presented on the track diagrams. 

4.1.2 Track Diagrams 

Track diagrams should provide a user with an overview of the current state of the service enabling the user to 
instantly locate any problems. In order to achieve this it is important that only information critical to this task is 
presented. However in general, if users are asked what they think it is important to display on the track diagrams, 
either on the desk workstation or the wall mounted mimic, they will state “everything”. This request is difficult to 
achieve on a desk mounted display and impossible on a wall mounted mimic where the amount of information 
that can be displayed legibly is constrained by the physical size of the display and the fact that it is normally static 
i.e. the display cannot be modified using zoom or information layering techniques. The task for the HF specialist 
is to get users to identify what is really important and discard what is not required to meet the tasks completed 

High Medium Low 

Figure 2: Illustration of the process of producing an Affinity Diagram 
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using the track diagram. This can be achieved in user focus groups by getting small groups of users containing 
representatives for each role to answer the following questions, with regards to the wall mounted mimic display:  

• What information will confirm that a good service is being provided?  

• What will indicate that the service is becoming degraded? 

• What are the most important degraded events to be shown? 

• What information is required to provide context?  

In the case study, a metro that is completely below ground and runs with automated trains with drivers, the 
answers provided in the focus group are summarised below:   

• A good service is indicated if all the trains are spread at equal distances 

• Indications that the service is becoming degraded include large gaps between trains, multiple adjacent trains 
going to the same destination, Out of service trains, short turn trains, a train sitting at a green control signal, 
a serious event.  

• The most important events to be shown are those that are service affecting. These include those events that 
are line wide or those that only affect a small area but which may have a knock on effect to other areas of 
the railway.  

• Context information includes track, stations, train destinations and control signals.  

The answers were reviewed and then presented in a track diagram mimic workshop where they were discussed 
and prioritised by users to identify the minimum information that must be provided. By minimising the amount of 
information to be presented in this way it has been possible to design an interface that is clear, readable from the 
required distance, understandable, and achieves the goal of presenting an easily interpreted ‘snapshot’ of the 
service (see Figure 3). 

 

Figure 3: Portion of the wall mounted track diagram mimic showing the key for colour coding of train heads for 
destination, control signals, trains, and indications for signal hold applied, emergency stop applied and keyswitch 

activated.   

Flexible Allocation of Control Areas and Role Responsibilities 

One of the primary drivers to increase automation is to reduce the number of staff that is required.  Under normal 
running the workload required to maintain the service is greatly reduced and can be managed by a small number 
of staff. However, it is recognised that in degraded and emergency situations the workload will often become 
unacceptable. How to manage the increase in workload in degraded and emergency situations is a question that 
must be addressed by designers of any automated system.  

A successful approach to managing the increase in workload by allowing flexible allocation of control areas and 
role responsibilities was devised through collaboration of HF specialists, engineers, and user representatives. 
The success of this approach was evaluated through operability workshops and workload assessments in which 
typical degraded events were incorporated in scenarios. During the workshop participants were asked to respond 
to scenarios using the service control centre simulator with the new functionality, working as a team. During each 
scenario, agreed assessment measures (e.g. measures of task completion, errors, and time taken) were 
recorded. Participants were also asked to complete a subjective mental workload assessment at pre-determined 
intervals and a short questionnaire on the usability of the service control system. Each scenario was followed by 
a discussion and the workshop ended with two focus group discussions, in which user feedback (both freely 
generated by the users and guided by specific questions from the facilitators) was recorded. 



The Changing Role Of The Control Room Operator In Metro Rail Page 6 of 9 

  

Figure 4: Photographs of one of the Operability Workshops in progress 

In the solution implemented, the designers recognised the constraint that it is not always possible to guarantee 
that there will be a spare operator available to provide support so it is necessary that the system be built to allow 
the available operators to share the workload equally.  This is achieved by allowing flexible allocation of control 
areas and role responsibilities. A control area is made up of many stations. In a system with flexible control areas 
the railway is divided into multiple small areas of control i.e. stations, which can be combined to make a larger 
control area that is the responsibility of one operator. In situations where an incident in a specific area of the line 
e.g. a fire at a station, requires that an operator undertake a time consuming response e.g. multiple edits to the 
timetable to redirect trains, the workload can become unacceptable. In a system with flexible control areas this 
workload can be shared by another operator taking responsibility for part of the control area normally allocated to 
the operator managing the incident.  This idea has been expanded further by enabling flexible role 
responsibilities such that one role can undertake activities normally assigned to another role, in particular it 
enables the Service Manager to undertake signalling activities. In the example incident “fire at station E” see 
Figure 5, where the Service Controller for the area needs to undertake a time consuming response, the Service 
Manager takes signalling responsibility for the rest of the area.  

 

Figure 5: Example of the use of flexible allocation of control areas and role responsibilities 

It is important that an operator is always aware of their area of responsibility and no area ever falls outside the 
responsibility of an operator that can apply signalling commands. Our approach is to provide simple colour 
coding on the site status bar (see Figure 6) that indicates which operator has responsibility for control of each 
area and associated alarms in the case of a change in responsibility.  

 

Figure 6: Site status bar used to indicate who is in control of an area and the status of the area. 

Automatic Train Regulation (ATR) 

The primary aim of the operator is to provide a good and safe service to passengers. The operator achieves this 
by monitoring train movements and issuing control actions based on the detection of actual or predicted service 
disruptions. Automatic Train Regulation (ATR) is a service control system function that mimics the actions the 
operator would normally undertake to optimise the service against timetable or headway by automatically 
modifying train departure times and coasting.  Experience has shown that operators, particularly in existing 

A B C D E F G H 

A B C D E F G H 

In normal mode control of railway is by 2 Service 
Controllers.  

 

In emergency mode e.g. “fire at station E” the Service 
Manager takes control of remainder of stations normally 
controlled by the Service Controller in charge of the incident 
area.    

Normal Mode 

Degraded Mode 
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railways, find it difficult to accept ATR and have confidence in it’s functioning, such that it is unlikely to be used, 
and the desired benefits not achieved. 

In the case study Human Factors was of critical importance to the successful implementation of the ATR system 
and guarantee of it’s acceptance.  Engaging users from early in the design process enabled the design of an 
ATR function and Human Computer Interface (HCI) in which the operators have confidence and with which they 
are able to interact, understand and interpret. The activities, in which the users were engaged, included 
workshops to identify the context of use for the ATR function and low fidelity prototyping, (see Figure 7). Low 
fidelity prototyping was used to engage the users in the design process with a focus on interaction design (the 
way that the ATR HCI behaves) as well as visual design. A modelling tool was used to develop click through 
models allowing users to experience using the proposed ATR function to complete defined tasks when the 
application was still in the preliminary design phase. The users were able to provide feedback and see the 
system develop in line with their requirements and expectations as further low fidelity models were developed 
incorporating their comments.  The ATR HCI designed in this way was validated through operability workshops 
with users.   

 

Figure 7: Example of a click page from the click through model 

5 DISCUSSION 

The role of the operator in control systems is changing. Automation of tasks, previously undertaken by operators, 
improves the capability, efficiency and safety of systems. It also increases the complexity of the operator role as 
they are removed from the basic functions of the system and undertake a monitoring and strategic management 
role. In the design of the human role in these systems the focus is now on how to maintain operator’s situation 
awareness and ensure acceptable workload, particularly in degraded and emergency situations. This paper has 
presented how it is possible to use HF techniques to design solutions to meet this challenge in the metro rail 
industry for an automated metro with train operators who man fully automatic trains.  

The methods discussed are applicable to multiple uses including the new challenges facing mainline rail e.g. 
consolidation of traffic management control in the UK and introduction of ERTMS worldwide. These methods 
include: 
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• The production of affinity diagrams: used to successfully review an overloaded alarm system and design it 
such that the alarms presented to the operator are useful, relevant and prioritised. This technique has also 
been used to review allocation of functions to role and prioritise the information to be presented on the track 
diagrams.  

• Focus groups: used to elicit important contextual information and focus users on the review of important 
design issues.  

• Operability workshops: used to evaluate and validate HCI design.  

• Low fidelity rapid prototyping: used to provide click through models of a function to engage users early in the 
design process to ensure user acceptance and understanding of a contentious function.  

The solutions presented in this paper illustrate the way in which a system can be designed to facilitate the 
change in role of the control centre operator by:  

• Maintaining operator situation awareness by enabling selection of important information. 

• Maintaining acceptable operator workload by flexible sharing of responsibility and tasks and reducing the 
opportunities for degraded and emergency running. 

 
However, as technology advances the automation of the railway becomes more extensive; for instance an 
increasing number of metros are being designed driverless. One key advantage of a driverless system is the 
potential for fast, frequent trains. In theory, the service control operator should be almost redundant, as the trains 
should run automatically, without any ‘human’ requirements such as shift changes or meal breaks. However, the 
driver also adds an additional information and communication source to the system. By removing the driver, this 
source is removed, and the control room operator role is evolving to effectively become both a signaller and a 
remote train driver.  

This role development presents new challenges to the HF techniques utilised to design for the end user. It 
presents novel HMI and operational situations that must be catered for, with important safety implications. 
Information needs become more comprehensive and complex. In Normal operations, the operator will need to 
view information previously only important to the train driver, as well as that required for service control, in order 
to be able to determine that the system is running safely and efficiently. The operator will also need to be able to 
determine when an Abnormal or Degraded situation occurs, without input from a train driver, and be able to 
quickly and effectively manage the situation remotely without train driver support. Some HMI requirements that 
are altered by the removal of the train driver from the system are:      

• The level of priority information that must be available on the wall mounted mimic greatly increases. To meet 
this requirement it will be necessary for operators to be able to dynamically alter the information shown on 
the mimic 

• There are a greater number of inputs that provide salient information that must grab the operator’s attention.  
This presents an even more complex prioritisation and design problem  

• With the removal of the train driver from the system there is no-one on-site to monitor the status of the train. 
Hence provision of reliable and clear feedback to the control centre operator from the train systems is 
essential. 

The HF challenges in driverless systems revolve around balancing operator workload, and maintaining operator 
situation awareness and vigilance, in a system that requires them to monitor and process a highly detailed and 
complex system to a greater level of detail than ever previously required, and with more ‘down’ time when the 
operator is effectively redundant.  

As technology develops, and the HF challenges evolve, it is the responsibility of the industry to continually 
develop, review and revise the HF techniques employed to design for the end user. 

6 CONCLUSION 

This paper demonstrates that HF is vital in the design of efficient and safe control systems that can be managed 
and used effectively by the operator and has highlighted some of the most effective techniques being deployed in 
the key areas of metro rail control system design. As technology continues to develop and the operator in the 
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control centre is required to manage progressively more complex systems to a greater level of detail HF will 
become ever more pivotal in effective design. The challenge for professionals deploying HF tools and techniques 
will be to continue to innovate in this important area to ensure the systems of the future continue to meet the 
needs of the control room operator in their changing role and meet the challenge of maintaining situation 
awareness. 
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