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SUMMARY 
Many European countries are launching ambitious programs for Traffic Management Systems (TMS) with 
decision support for rail traffic optimisation at regional and national levels. Such programs - comprising 
forecasting, conflict detection, conflict resolution and driver guidance - aim to deliver improved on-time 
performance, quality of service and return on investment. 

After an overview of recent developments and principles of traffic automation with decision support, this paper 
investigates how regional and national rail traffic automation is presently undergoing a breakthrough.  

Safety considerations may present an obstacle to automation. The second part of the paper shows that not only 
automation and safety can go together, but also that safety may benefit from increased safety and thus be one of 
the drivers for traffic automation. 

 

1 INTRODUCTION 

Many European countries are launching ambitious programs for Traffic Management Systems  with optimisation 
at regional and national levels. Such programs aim to deliver improved on-time performance, quality of service 
and return on investment and are sometimes associated with re-signalling projects. 

Traffic optimisation in a railway network includes increased automation combined with forecasting, conflict 
detection and resolution, driver guidance and the management of safety related activities (work zones, temporary 
speed restrictions, etc.). 

In this context, several fundamental questions arise related both to operational efficiency and safety. 

With regards to operational efficiency, increased automation allows the controller to focus on anticipation and 
exception management. The interface between the user and the system must however insure that the controller 
remains fully involved, aware and fully in control. 

With regards to safety, the usual measures built into a TMS focus on manual input and display of the railway 
status. A modern TMS must maintain safety while increasing automation and flexibility.  

This paper describes a few recent and current TMS projects, including key focus areas and objectives. It 
identifies the operational and safety considerations when moving to a modern traffic management system that 
targets regional and national optimisation. Denmark's re-signalling programme provides an interesting approach 
to both aspects. 

2 TRAFFIC OPTIMISATION APPROACHES 

2.1 Local traffic optimisation cases in Europe 

Several projects in Europe are developing interesting traffic optimisation strategies at local level rather than at 
regional or national level. Some of the cognitive and safety challenges posed by automation of traffic 
management already arise at this level. 

An interesting case is the computer-based train control system “Automatic Functions Lötschberg” (AF), 
developed by Systransis Ltd. that has been monitoring and controlling the train traffic through the Lötschberg 
base tunnel (a 34.6 km long tunnel under the Swiss Alps) since its opening in December 2007. 
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In this system, advisory speeds are communicated to the train drivers in order to optimise traffic.  The primary 
goal of sending advisory speeds to train drivers is to reduce delays and minimise train stops caused by conflicts, 
and thereby maintain capacity and timetable stability. A secondary aim is the reduction of the traction energy 
needed by trains to travel through the tunnel. 

A follow-up to this system will be the TAG (Tunnel Automatic Gotthard). Here, next to the above mentioned 
goals, an additional goal is tunnel safety, given the fact that the Gotthard base tunnel is 57 km long.  

Although Switzerland has introduced a new nationwide traffic management system in 2009, initially conflict 
resolution was not within scope, but recently with the HOT (Hub Optimisation Technology) project conflict 
resolution has been taken up, albeit at first at a local level. 

In the Netherlands a project called TOL (‘Trein op Lijn’) is aiming for three goals (in the sequence as given): 
giving context information to drivers (primarily which trains are in front and behind), providing advised speeds to 
the driver and, in a later stage, providing conflict detection and resolution capabilities to the signal operator, again 
at first at local level. A remarkable analogy between the developments in Switzerland and the Netherlands is that 
safety is an important driver. 

2.2 Italian regional nodes 

The national railway network is operated from 16 regional centres, which altogether manage over 400 
workstations in over 120 sites. Since 2002, 13 of the regional centres have been moved to centralised, integrated 
control centres deploying SCC (Sistema di Comando e Controllo). 

The SCC systems integrate traffic control and optimisation, diagnostics and maintenance, passenger information 
systems as well as surveillance and security. 

Each SCC controls the traffic in a regional node and its wide railway network including single and double track 
lines, high density traffic, passenger and freight traffic as well as high speed trains. 

The traffic management system improves traffic regulation and operational performance using automatic route 
setting, conflict detection and decision support for conflict resolution. Passenger information, including public 
address and displays is managed automatically and updated in real-time by the traffic management system. The 
diagnostic and maintenance system reduces infrastructure maintenance costs and increases punctuality by 
improving preventive and corrective maintenance performance. The security system and tele-surveillance 
improves passenger and infrastructure security with information directly available on dispatcher consoles. 

On nodes such as the Bologna Nodo, the traffic management system implements control by planning to 
automate at a very high level the execution of routes. The system continuously evaluates the impact of 
perturbations to the traffic and reforecasts the operation. It detects the conflicts in anticipation, thus allowing the 
controllers to focus on effective all-encompassing solutions rather than performing last minute corrections which 
could have unforeseen impact to subsequent traffic. 

2.3 UK traffic management services 

Network Rail is planning for more affordable and higher performance railways and includes traffic management 
technologies in the operating strategy to consolidate more than 800 signal boxes into 14 state-of-the-art rail 
operating centres over the next 30 years. 

The traffic management technology introduces real-time rescheduling along with the prediction and resolution of 
conflicts. It allows larger regional areas of the network to be controlled from integrated traffic control systems, 
with a broader awareness of traffic conditions and provides a reliable single source of truth for operational 
information. 

The key component of the traffic management system is the planning and operations layer which defines the 
schedule and performs real-time rescheduling based on the current status of the railways. This feature, which is 
named “Plan/Replan” functionality in the UK context is common to the different solutions contemplated for 
phased deployment over the years. 

Depending on the pre-existing signalling control layer and its capacity to be integrated in traffic management, 
Network Rail has defined different approaches to the adoption of the plan/replan function: 
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 [Isolated] The plan/replan functionality is provided to the controller but does not directly interface to the 
signalling layer, therefore does not perform automatic route setting. It is up to the controllers to interface the 
existing signalling layer to execute the route setting functions. 

 [Interfaced] In this configuration, the plan/replan functionality receives information from the signalling layer 
and is able to issue automated controls. 

 [Integrated] The traffic management system includes the signalling control layer as well as the optimisation 
function. 

Over time each operating centre should reach at minimum the ‘interfaced’ implementation, thus allowing 
automation and optimisation. 

2.4 Northern Europe national systems 

Several traffic management system initiatives have been launched in Northern Europe. 

Denmark started in 2009 its re-signalling programme to replace its aging traditional relay based technology with 
an ERTMS system based on radio communication between the central control centre and the trains. The 
programme managed by the infrastructure manager Banedanmark will increase network capacity, increase 
linespeeds and shorten headways. The traffic management system is a key component of the re-signalling 
programme as it provides the overall optimised planning of operations and its execution and optimisation in real-
time. 

The Danish scheme is based on two regional centralised traffic control systems, for East and West Denmark 
respectively. Both regions are coordinated as they utilise an optimised national production plan (or production 
schedule), including a timetable generated prior to the start of operations. Both regions are coordinated during 
operations by a national optimisation layer which adjusts the production plan to resolve perturbations and 
conflicts and provides updated planning data to the regional centres. 

The Swedish infrastructure manager Trafikverket is launching a national traffic control system programme, which 
is focusing on traffic management system independently from re-signalling. The program aims at controlling the 
whole of Sweden according to the principle of “control by planning”. The main objectives of the project are to 
provide more efficient maintenance, operation and support. The program will improve the accuracy of train 
scheduling, traffic robustness and traffic capacity and increase availability and flexibility. 

Integration of national planning and traffic control is a key driver of the Swedish strategy, moving from eight 
independent train control areas into a nationwide system for traffic control. Proactive train control is another key 
driver supported by control by planning and situational awareness. The system performs conflict detection and 
resolution and provides the controllers with efficient decision support and communication capabilities to ensure 
the schedule remains conflict-free [Ref 1]. The controllers can focus on medium-term and long-term planning 
activities while the system executes the schedule automatically. 

2.5 Traffic Optimisation Concepts 

While there are differences in local, regional or national approaches, differences in underlying signalling systems 
from conventional signalling to ERTMS and differences in systems architecture depending on pre-existing control 
systems, the traffic optimisation programs share common concepts and common challenges. 

The common concepts of traffic optimisation include: 

 The ability to anticipate train movements and therefore the ability to forecast and reforecast accurately. 

 The ability to identify conflicts before they actually occur. 

 The ability to resolve conflicts, either by real-time adjustments to the train movement (speed or route 
adjustment) or by re-scheduling.  

The introduction of increased automation and intelligent traffic management system behaviour changes the task 
of the traffic controller, moving to increased anticipation rather than real-time reaction.  These changes must be 
considered when analysing the controller cognitive environment and the ability for the controller to maintain 
understanding and attention in the real-time operations [Ref 2].  They must also be considered when analysing 
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the place of the traffic management system in the overall train control environment, and more specifically, its 
contribution to the safety. 

The following Sections of this paper will focus first on automation and efficiency, then on safety considerations 
when moving to advanced traffic management. 

3 AUTOMATION AND EFFICIENCY 

3.1 Trend towards Automation and Efficiency 

3.1.1 Service Intentions 

Service intentions represent the skeleton of the production plan, including the timetable as required by Train 
Operating Companies (TOCs) and the constraints related to rolling stock and crew. Service intentions also 
include the request of possessions for maintenance purposes:  

 Seasonal service intentions are the published ones. Usually they are generated by external planning 
systems. They can also refer to seasonal plans for rolling stock/crew if available (From Train Operating 
Companies) or to long term infrastructure maintenance activities if these are planned at seasonal level 
(rare but possible). 

 Daily service intentions are the daily instances of the seasonal service intentions generated applying 
rules (periodicity and suppression). They can be modified in order take into consideration daily planning 
activities (valid only for that day). For example a change in rolling stock/crew allocation or a specific 
request for a possession. 

 Current service intentions represent the current status (from now to X configurable hours in the future) 
of the service intentions indicating if they are fulfilled. 

Service intentions can be divided in the following logical groups: 

 Train service related: e.g. passenger service in a station, auxiliary services in station, … 

 Rolling stock/crew related: e.g. rolling stock used to perform a train service, crew on board, … 

 Infrastructure: e.g. request for a possession.  

Service Intentions are translated in an effective timetable (including links between services), rolling stock, crew 
information and planned possessions. 

The integrated service intention and timetable approach permits a sophisticated rescheduling fulfilling the needs 
of the TOCs including the critical constraints related to rolling stock and crew allocation, while modifying 
timetable information and allocations that are not critical. 
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Figure 1: Types of service intentions 

3.1.2 Real-time reforecasting 

Accurate forecasting of all train movements is the essential basis of anticipation and mitigation of traffic 
perturbations. Modern traffic management systems therefore rely on accurate configuration data and provide 
advanced reforecasting algorithms to calculate the traffic circulation of each train within the timetable. The 
system must take into account train status, infrastructure status, abnormal/exceptional situations, constraints 
status (such as connections) etc. 

The accuracy of the function will depend largely on the accuracy of the configuration data. The system must be 
flexible and adaptable to various signalling rules for the different interlockings within the controlled territory. 
Parameters such as distances, track section lengths, infrastructure speeds and constraints are key to obtaining 
an accurate forecast. When parameters are not available, the system shall nevertheless be able to compute 
default parameters or infer them by observation. 

The reforecasting function operates in real-time and is triggered by both the various changes of field conditions 
and the traffic controller modifications to perform new traffic forecasting calculations. Moreover, the principle of 
conflict anticipation and mitigation requires that the reforecasting be applied not only to the short-term planning 
but also to medium and long-term planning. The combination of real-time and long-term planning together with 
the size and complexity of a regional or national network induces specific performance requirements. 

3.1.3 Pro-active dispatching 

With the powerful concepts and functionalities provided by service intentions and real-time reforecasting, it 
becomes possible to re-calculate the timetable when a disruption occurs while maintaining the constraints 
associated to the train operating companies intentions for service. 

With the re-calculated timetable, automatic traffic control functions such as automatic train routing and speed 
advisory can be executed by the system, thus smoothing and optimising traffic operations.   

With control by planning, the traffic controller is able to focus his/her attention to the resolution of train movement 
conflicts in anticipation, therefore applying his/her skills to the most benefits for operation [Ref 3]. 

Since disruptions often require a short response time, the systems provide the ability to analyse traffic status in 
real-time and to provide proposals for solutions. It is critical for the traffic controller to maintain a perfect 
understanding of the traffic status and of the strategies being implemented to resolve issues and optimise.  Pro-
active dispatching is therefore assisted not only by intelligent and advanced automation but also by decision 
support [Ref 4]. 
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3.2 Drivers for Automation and Efficiency 

The traffic automation and optimisation concepts described above are key for managing a more efficient railway 
system and smoothing traffic, while maintaining the passengers informed well ahead of time. 

Some of the key drivers to automation and efficiency include: 

 Economic factors / benefits. 

 Customer satisfaction and increase of ridership. 

 EU recommendations to increase passenger and freight traffic. 

 External influences (e.g. technological developments from outside the railway sector). 

 Automation as a strategic asset for a railway system that prepares for the future. 

Traffic optimisation therefore is a necessity, which is best evidenced by the increased launch of regional and 
national traffic control projects. 

However, while the traffic becomes more efficient, safety must be maintained to the highest level.  The next 
section will explain how safety considerations can be accounted for when implementing an advanced traffic 
management system.  Beyond maintaining safety, the perspective of increased contribution to safety by the 
traffic management system is also considered. 

4 SAFETY CONSIDERATIONS 

In this and the next section the safety considerations will be limited to the TMS. Next to safety issues related to 
automation of TMS functions, there are safety issues related to driver guidance. In this paper these safety issues 
will not be discussed.  

4.1 General setting 

Let us assume that we have a well designed and implemented safety layer including the interlocking (IXL), Radio 
Base Centre (RBC) and trackside elements. The ideal situation (and the base situation) is that IXL and RBC fully 
protect train traffic (train movements). The TMS only puts forward requests to the IXL and/or RBC, who filter out 
any dangerous requests. However, this ideal situation is not always case. 

In two cases TMS safety related issues arise: 

 The signal operator bypasses (usually with the help of the TMS) the safety layer. Written orders are the 
obvious example.  

 The signal operator, again with the help of the TMS, interferes with the scope of the IXL or RBC. With scope 
we mean here the geographical scope or any functional scope.  

In this paper we deal with the second case. Some prime examples are the following. Activating a work zone 
temporarily excludes an area (to a large extent) from the geographical control by the interlocking. Issuing a block 
of a set of points or of a track section and issuing a temporary speed restriction (TSR), restricts the scope of IXL 
and RBC, respectively, in a functional sense. Usually, the ‘scope changing’ commands have an on-off character. 
However, there are also one-time changes such as moving an occupied set of point (set of point that is part of an 
occupied track). 

We call the scope changing commands simply ‘critical commands’. 

We will use work zones and TSRs as running examples in the remainder in this paper. 

4.2 Traditional Approach 

It can easily be seen that defining a critical command to be issued from a TMS must resemble to a large extent 
the data preparation that initially defines the scope of IXL and RBC. Therefore an obvious idea for work zones is 
to include a number of predefined work zones in the data preparation. Then the signal operator only needs to 
switch on/off the predefined work zones. The disadvantage is of course low flexibility. Any work zone that has not 
been defined during the data preparation is not available during operations. Often one may be forced to activate 
a work zone that is much too large. 
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This disadvantage is more serious in the case of TSRs. Therefore, for TSRs one usually finds operational 
procedures for defining and activating TSRs during operations. These procedures offer flexibility (you get 
precisely the TSR you need), but for safety reasons the procedures are elaborate and time-consuming. They are 
still subject to human error, especially when time pressure plays a role. 

When work zones are not predefined in the data preparation phase, they are usually planned on paper or in 
some electronic system, yielding a batch of simple commands. In that case the signal operator does not have to 
define the work zone when he needs it, but he must either enter single commands one by one or check every 
single command when it is transferred from the related electronic system via the TMS into the safety layer.  

4.3 Automation while maintaining safety 

A modern TMS requires automation and flexibility: work zones and TSRs defined in a late stage as part of plan, 
not predefined in a data preparation process, but at the same time not requiring an elaborate and error-prone 
procedure at execution time. In the last section we have already seen the first step in this direction, in planning a 
work zone on paper or in some electronic system. However, in this approach there is still a large burden on the 
signal operator. 

We can go a significant step further, which is planning critical commands in a late stage as part of a plan 
(typically hours to weeks before execution time), but with the quality of a data preparation process. This 
approach requires three ingredients: 

 A well designed procedure. 

 Well educated people.  

 The ability to store the result in a ‘safe storage’. 

Regarding the procedure one can borrow the basic structure from a data preparation process: 

 The procedure starts with external input. In this case the input may be truly external input or it may come 
from a production plan (where the critical command has already been planned before). The planner checks 
the completeness and consistency of the input. 

 The planner enters the input into a planning tool (a special purpose planning tool with a ‘safe storage’ for 
critical commands). 

 The planning tool produces a copy of the input in a different format (again either electronic or paper). 

 Then either a person (different from the planner who entered the information) or a system validates the input 
(i.e. checks whether the copy is identical to the original information). 

 If the comparison is positive, the information is permanently stored in the safe storage. 

The entries in the safe storage make work zones and TSRs available to operator as if they were stored as pre-
defined entities in IXL or RBC. As with data stored in IXL or RBC the information is protected against corruption, 
once it is entered. We call the above procedure ‘safe booking’. 

Of course, there is one remaining problem: a work zone or TSR may need to be changed after initial planning, 
causing a lot of rework. How to solve this issue? In the Fjernbane Infrastructure East project, part of Denmark’s 
Signalling Programme, we have found a practical solution. 

5 CASE STUDY: DENMARK’S SIGNALLING PROGRAMME 

5.1 Overview 

In the Danish Signalling Programme the timetable is encompassing and central. As much as possible, all 
activities are planned. These planned activities are called ‘service intentions’. If there are deviations in the 
execution of the service intentions, the rescheduling system will reforecast and update the timetable.  

As indicated in the previous section, for critical commands the safety related aspects of such a service intention 
(called ‘safety intention’) are captured in a separate database, which is a ‘safe storage’. The safety intentions 
(collectively indicated as ‘safety intentions plan’) are defined in a minimal sense, capturing as few details as 
possible. In particular no timing or duration is part of the safety intention. This allows the moving around and 
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compression/prolonging of the related service intentions in the timetable, without the need of frequent safe 
(re)bookings.  

A planned critical command is initiated by the production plan. After some optional pre-processing it is forwarded 
to the safe part of the TMS. Then the safe part of the TMS will involve the signal operator in such a way that 
timeliness is ensured. 

This approach introduces as in the traditional, manual approach the need for a crosscheck at execution time. 
However, in this case the crosscheck at execution time is done by the TMS (referring to the entry in the safe 
storage), with only a marginal check by the signal operator. The proposed solution implies that at execution time 
operations are indeed largely automated as required. The main task for the signal operator is to monitor the 
safety related service intentions and check the timing. Indeed, the signal operator always needs to check the 
timing. First of all the timing is not a part of the safety intention, but even if it was, it could not foresee delays 
which have safety relevance (e.g. trackside work that continues past the original end time). 

Of course, the manual safety related work has not disappeared, but has been shifted to the booking phase. The 
advantages are: less time pressure, the ability to easily apply the four eyes principle and a more uniform 
workload distribution. 

In the next sections more details are provided. 

5.2 Outline of architecture 

The architecture is based on two separate command chains, one non-safe and one safe. It is sketched out in 
Figure 2. Care has been given to a sparse interface between the non-safe command chain (blue colour) and the 
safe command chain (red colour). 

The interface between the non-safe command chain and the safe command chain (i.e. between TMS server and 
TMS Safe server) carries three types of messages: 

 Booking of critical commands. 

 Trigger of critical commands. 

 Request to perform a (number of) non-planned critical command(s); part of the request is the specification of 
the critical commands to be executed. 

The third type of message has been introduced to enable certain emergency commands. In particular changing 
the state of an arbitrary area to ‘emergency’ cannot be planned. Therefore, TMS provides support to assembling 
the elements of the emergency area and then the command is sent as a request to the TMS Safe server. We 
note that the most common emergency areas (station, tunnels and bridges) are preconfigured.  
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Figure 2: Outline of architecture 

Remarks: 

 The timetable (consisting of service intentions) is located in the TMS server, whereas the safe storage with 
the safety intentions is part of the TMS Safe server. 

 Any critical command entering the safe command chain, whether manually entered by the signal operator or 
entering via the interface with the non-safe command chain, is subject to checks by the signal operator. After 
a check of timing and identity a second check of successful execution follows. This second check is 
performed after a reservation step (optionally, depending on the type of critical command) and after the 
execution step. Whenever the critical command has been captured as safety intention, the second check is 
heavily supported by the TMS Safe server. 

5.3 Content of safety intentions plan 

The contents of the safety intentions plan are deliberately kept small. The safety intentions relate to: 

 Work zones. 

 TSRs. 

 Deactivation of emergency areas. 

Some simple critical commands like unblocking tracks are planned in the timetable, but not captured as a safety 
intention. After an alert from the timetable the signal operator manually executes simple critical commands within 
the safe command chain. This choice avoids automation where is does not have advantages by reducing 
workload and reducing errors. 



European Traffic Management Approaches for Increased Automation and Safety Page 10 of 11 

5.4 Summary of hazard analysis 

The main hazards associated to the setup chosen in the Fjernbane project are directly linked to the types of 
message exchanged on the interface between the two command chains: 

 A safety intention may be absent or corrupted.  

 A trigger may be premature or it may trigger the wrong safety intention. 

 A request may be premature or corrupted.  

The first hazard is mitigated by fact that the content of the safety intentions plan are produced using the safe 
booking mechanism as explained above.  

A premature trigger may arise from the fact that, for operational reasons, a safety intention does not include 
timing. The mitigation of the resulting hazard is the monitoring by the signal operator. As already stated above we 
require that the signal operator remains fully aware and in control (in order to be able to react in unforeseen 
circumstances). Part of this monitoring must be the check that critical commands are only executed when the 
timing is right (in particular: when other people involved have indicated that they are prepared). Sometimes part 
of the check can be performed after execution. 

A corrupted trigger can have two forms: 

 The bare trigger (i.e. the ID of the critical command) is corrupted during transfer from TMS to TMS Safe: 
a wrong safety intention is triggered. 

 The second form is a misrepresentation of the critical command before transfer, so that the signal 
operator gets a wrong impression of the content of the safety intention. 

The mitigation against both forms of a corrupted trigger is that the signal operator performs his checks of timing 
and identity using his safe display (part of the safe command chain) and that, when communicating about safety 
related aspects of the critical command, he refers to the safe display. In other words, the signal operator shall 
consider a trigger from the unsafe command chain as safe/unsafe as a manually entered command. 

Finally, a request may be premature or corrupted. Again the mitigation is that all requests are subject to checks 
of timing and identity and checks of successful execution within the safe command chain.  

The above summary of hazard analysis shows that the hazards associated to the partial automation of critical 
commands are well mitigated. At the same time, existing ‘old’ hazards are better mitigated than in the past. We 
recall that manual safety related work does not disappear: this work is shifted to the booking phase. Apart from a 
more uniform workload distribution advantages are less time pressure and the ability to easily apply the four eyes 
principle, so that it can be stated that safety will benefit from the automation of operations. 

6 CONCLUSION 

The traffic management developments launched in European countries over the last decade have steadily 
gained momentum and increased their ambitions both in terms of geographical size and functions. 

The pioneering large regional operation centres have brought centralised operations, thus providing an accurate 
view of the traffic operations in real-time and the ability to correct or mitigate the effect of disruptions. The 
availability of massive computing power combined with the development of advanced optimisation algorithms 
have changed the operation paradigm, gradually increasing the ability to anticipate traffic conflicts and reducing 
the need for reactive crisis-driven measures.  Advanced traffic management, including accurate forecasting, 
conflict detection and solving and decision support, indeed underwent a breakthrough and is now being 
implemented in a large scale throughout Europe to improve on-time performance, customer satisfaction and 
financial performance. 

As evidenced by the Denmark case study, the automation provided by the traffic management system can be 
complemented with systems and strategies which enable safety related actions to be greatly facilitated by the 
system while remaining fully within the control, ultimate verification and decision of the traffic controller.  As a 
consequence, the system – with its ability to systematically initiate planned and unplanned actions – actually 
contributes to the safety of the railway’s operation while improving on-time performance and overall capacity. 
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