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ABSTRACT 
 
The positive trend of increased use of both railway passenger and freight transportation in 
Europe has resulted in an increased sensitivity to and occurrence of traffic disturbances. In 
addition to the need for extensions of the infrastructure, the need to effectively limit and 
predict the effects of disturbances becomes apparent. The abilities to maximise the use of 
available infrastructure such as sidings and platforms as well as the tracks in both directions 
is therefore critical. The kernel of the disturbance management problem is to revise the 
original timetable in line with the new conditions and decide where, when and how trains 
should overtake or meet to minimise the negative effect of the disturbance. There exist both 
sophisticated and simple models and methods which have different strengths and 
weaknesses. This paper presents results from a Swedish research project and investigates 
the pros and cons of different re-scheduling models and methods. 
 
Keywords: Scheduling, Timetabling, Slot allocation, Disturbance management, Railway 
traffic, Deregulation, Optimisation. 
 
 
INTRODUCTION 
 
The positive trend of increased use of both railway passenger and freight transportation in 
Europe has resulted in an increased sensitivity to and occurrence of traffic disturbances. In 
addition to the need of new investments in the infrastructure to increase the capacity and 
decrease vulnerability, the need to effectively limit and predict the effects of disturbances 
becomes apparent. The ability to achieve optimal use of available infrastructure such as 
sidings, platforms and bi-directional tracks in both directions in the re-scheduling process 
and communicate the results to the stakeholders is therefore critical. Since the task of re-
scheduling railway traffic in real-time is very complex for the traffic managers and requires 
a short response time, there is a need for computer-based decision support systems (DSS) 
suggesting appropriate measures to handle the traffic and tools to visualise the effect of 
considered actions. 
 
This paper presents and describes the disturbance management and re-scheduling problem 
for railway traffic and provides an overview of state-of-the-art which shows the increasing 
interest in and relevance of this topic. The problem is also discussed from a Swedish 
perspective and some results from a research project financed by the Swedish National Rail 
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Administration (Banverket) are presented. The focus in this paper is on how to model and 
mathematically formulate the railway traffic re-scheduling problem to account for the most 
influencing parameters in the traffic system to achieve valid solutions in short time and still 
make optimal use of the available margins.  
 
 
BACKGROUND 
 
In Sweden, the ongoing deregulation of the European transport market and the increasing 
number of traffic operators as well as the increasing demand for track capacity have 
generated a quite heterogeneous traffic flow in the railway network. The traffic is 
composed of a mix of local and long-distance passenger trains of varying performance with 
different kinds of freight trains that share the same infrastructure and have the same 
priority. The traffic density of the major lines is currently very high and even small 
disturbances have ripple effects causing significant consecutive delay to the surrounding 
traffic. In 2008, the Swedish passenger traffic on railway reached a new record being 
almost twice the amount of the traffic in 1990. Meanwhile, the infrastructure has not been 
improved in the same pace. When comparing statistics from 2007 and 2008, the Swedish 
National Rail Administration states that the increasing traffic has generated an increase in 
delays of 3 % (Johansson, 2008). 90 000 hours of accumulated delays were reported 2008 
in the Swedish railway network and the long-distance high-speed trains (i.e. X2000) had the 
lowest punctuality at final destinations (69%, compared to 92% for all railway passenger 
traffic in Sweden). Punctuality, in this context, refers to the share of trains that reached their 
final destination with a deviation of five minutes or less. The high-speed trains have 
experienced most delays on the stretch between Sweden’s capital Stockholm and another 
large city, Malmö, in the South. On that stretch, which is the backbone of the traffic 
network on the East coast of Sweden, i.e. Södra Stambanan, the long-distance traffic 
intervene with freight systems and three large commuter traffic systems. Thus, several 
trains are affected when the long-distance trains are delayed. That the traffic delays are 
associated with large socio-economic costs is evident although there are different ways and 
models on how to quantify these costs, see e.g. (Nash and Sansom, 1999), (Östlund et. al., 
2001) and (Lundin, 2007). 
 
 
THE RAILWAY TRAFFIC RE-SCHEDULING PROBLEM  
 
In this paper, a disturbance is considered to be a situation where the master schedule, or 
established timetable, has become invalid because one train (or several) is deviating from 
its schedule and the prerequisites consequently change. The event triggering a disturbance 
could be a signal malfunction on a track section which temporarily decreases the maximum 
allowed speed and causing trains to have an increased running time on that section. It could 
also be e.g. a no-show of staff resulting in a delayed train departure, or reduced speed of a 
train set due to partial engine failure or an unannounced increase in train set length and 
weight, etc. 
 
Handling a disturbance in a railway network and re-scheduling the traffic is typically 
handled manually by traffic managers that only have very limited access to support systems 
to analyse the consequences of a disturbance and the effects of their decision-making. This 
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limitation hampers the possibilities to achieve sustainable and system-optimal 
decisionmaking and to provide the stakeholders (e.g. train operators, cargo owners, 
commuters) with reliable prognoses about the situation. The time available for decision-
making and consequence analysis is also limited and depends on the situation. The aim is 
thus to find sustainable and sufficiently good solutions within reasonable time. 
 
The decisions that have to be taken are how to sequence the trains on the different network 
resources e.g. platforms and tracks on station and line sections connecting the stations. That 
is, to decide if it is most beneficial to let train A use resource 1 before or after train B and 
so forth. In Figure 1 the upper part shows how the two trains A and B in opposite direction 
approach station S to meet and then pass each other. The time-distance diagram shows how 
these resources are scheduled for the different trains A and B and later also train C-G and 
how they meet at station S. The sequence of boxes below the diagram is a mapping of the 
schedule in the diagram into time slots allocated for each train on line section B1. The time 
gap between the slots shows that there is a separation time required to make sure the 
resource has been released before next train is allowed to enter. A slot is, however, in 
practise composed of several time components as shown in Figure 2.  
 
For even the small example of finding the optimal sequence of trains on section B1, as 
illustrated in Figure 1, there exist theoretically 7*(7-1)/2 = 21 relationships to evaluate. For 
a larger, more realistic case the number of trains and resources to include when computing 
the optimal sequence is obviously larger. The sequencing problem alone is thus very 
complex and considering other restrictions such as running time profiles, passenger 
transfers, etc.         
 
 

 
Figure 1. Above: Illustration of a single-tracked bi-directional line B1 followed by a station S (composed of 
two parallel tracks) and another single-tracked bi-directional line. Each resource can be used by at most one 
train at a time and therefore train A and B must have a scheduled meeting at station S. Middle: Illustration of 
a time-network graph showing how trains A-G are scheduled on line section B1 and B2 and station S. Below 
shows a simplified sequence of slots form the scheduled trains on line section B1, where a slot is the time 
window when the train is scheduled to occupy the line section.   
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Figure 2. The illustration describes how a train is allocated a resource depending on how it moves on the 
tracks from one line section to another. That is, the train needs to have the next resource on its journey cleared 
from other trains and assigned to it in advance to avoid stopping at a red signal. Source: Figure 5 i (UIC, 
2004). 
 
The objectives of the re-scheduling process differ between countries (i.e. depending on the 
political situation w.r.t. liberalisation of the transport market) and situation. In Sweden, 
there is a general guideline to avoid delaying trains which run according to schedule but 
also to maintain stability and minimise the overall delay in the entire network. The 
objectives can thus sometimes be contradicting each other. For a more in-depth introduction 
to the problem, see e.g. (Törnquist, 2007). 
 
As mentioned earlier, the railway traffic in many European countries is becoming more 
complex, dense and sensitive to disturbances and it is very demanding for traffic managers 
to manually analyse the different alternative re-scheduling solutions and their consequences 
on short and long term. The need for some computational support is thus evident and the 
main challenge when it comes to designing a re-scheduling algorithm is to find a good 
representation of the problem (often a mathematical model), access to input data with 
sufficient accuracy required to feed the model  and a method to solve the formulated 
problem effectively enough. Radtke (2008) and Gely et. al. (2008) distinguish between the 
different levels of detail in the infrastructure models used for railway traffic network 
representation, where macroscopic models contain least details and have a more aggregated 
representation of some resources (e.g. a station is composed of a number of parallel tracks 
with one platform each), while microscopic includes a lot more detail (e.g. a station is 
composed of a complex set-up of pieces of tracks separated by switches and signals). When 
to use which level of detail is not obvious but often decided based on time available for 
computations and access to input data with sufficient accuracy. The more details included 
in the model, the more data and computations required and for a real-time scheduling 
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problem there may not be enough time available to collect and process data and to compute 
the many alternatives that arise as the network is divided into more fine-grained resources. 
In (Törnquist, 2006) a review of models and methods for scheduling and re-scheduling 
railway traffic is made and shows that most re-scheduling models are macroscopic models 
not including signals and switches and how the trains are routed within the stations. 
However, there may be requirements for a microscopic model on some specific congested 
parts of the network but sufficient to use a more simplified representation for the rest. This 
aspect is rarely discussed and investigated but only by a few as for example Gely et. al. 
(2008). In previous work, see (Törnquist, 2007; Törnquist and Persson, 2007) we have 
developed and applied a formulation which does not consider the explicit routing of trains 
within stations and for most stations the choice of platforms and the routing is 
straightforward and the dependencies between different routes are negligible. Meanwhile, 
our most recent studies have indicated that a few stations in the network which have a more 
complex structure and serve as a junction point for different lines may require a more 
detailed description. Two different examples on station configuration are presented below 
in Figure 3 and 4. In Figure 3, the relatively simple station Getå is illustrated and the two 
different routes possible to take do not have any dependencies which must be considered. 
The station Åby is a busy station with routes that have significant dependencies which may 
need to be modelled in more detailed.     
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Figure 3. Illustration of the station Getå, which allows trains to enter simultaneously from opposite directions 
(but entering to different tracks). 
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Figure 4. Illustration of the station Åby which has complex dependencies between some of its routes. 
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MODEL DEVELOPMENTS AND EXPERIMENTAL RESULTS  
 
In ongoing studies we are focusing on a busy stretch of Södra Stambanan, see Figure 5 and 
have extended our optimization model presented in (Törnquist and Persson, 2007) to also 
incorporate a more complex representation of some specific stations including Åby. The 
extensions are outlined in (Törnquist, 2009) which are formulated as dependencies between 
the use of the different station tracks and connecting tracks so that routes through stations 
are formulated implicitly in contrast to approaches which define each route through a 
station explicitly, see e.g. (Kroon et. al., 1997) and (Billionnet, 2003).   
 

 
 
 
Figure 5. Network used for the scenarios and corresponding experiments. Stations and sidings are connected 
by one or several segments that are either single- or double-tracked. Segments that are stations or other meet 
points can be n-tracked, i.e. have n tracks. 
 
Currently we are conducting an experimental study investigating how this increasing 
complexity of parts of the model affects the solutions provided and the computation time 
and which values of the new parameters that are appropriate to use.  
 
We are also continuing our previous work of analysing which types of re-scheduling 
actions that are beneficial to take and if they are practically viable. That is, what flexibility 
should we allow the re-scheduling method to have?  We have in earlier theoretical 
experiments shown that by allowing a large flexibility during re-scheduling often better 
solutions can be obtained, see (Törnquist and Persson, 2007). Flexibility means e.g. to 
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change the order of the trains on a segment, changing the traffic direction of a certain line 
temporarily between stations, or to shortly before a train is arriving to a station change the 
allocated platform. Allowing a large flexibility can, however, be very time-consuming since 
a large number of different solutions are to be evaluated. The flexibility may also lead to 
complex solutions causing management problems with implications such as increased need 
for buffer times to separate trains according to the safety restrictions, decreased robustness 
and future flexibility as well as reduced stability and possibility to regain to the normal 
timetable. The ability for the traffic managers as well as the operators to overview the 
traffic situation may also become reduced.  
 
In an ongoing study which investigates the implications of increased flexibility in planning 
we have simulated a number of disturbance scenarios using two alternative models with 
different levels of planning flexibility (i.e. permitting trains to use other tracks and 
platforms at stations for passenger transfer than originally allocated or alternatively force 
them to use the same platform as intended) and solved them with sophisticated optimisation 
software. The initial results indicate that which platform that is allocated to a train has little 
impact on the solution generated, but more scenarios need to be studied before any 
conclusions can be drawn. 
 
 
DISCUSSION AND FUTURE WORK 
 
The railway traffic re-scheduling problem is challenging to solve even with help of 
powerful computers because of its complexity and the dynamics in the setting. There is a 
trade off between choosing e.g. 1) a simple but not optimal solution and 2) a theoretically 
optimal, but complex, solution that requires several changes to be made and access to large 
amounts of data with high accuracy. For example, changing the allocated platform may 
cause confusion for the waiting passengers and result in a delay due to their transfer to the 
new platform, but the decision may facilitate and speed-up an un-scheduled overtake. 
Furthermore, there are many factors that affect how the traffic will run but taking all factors 
into account requires large amounts of data with high accuracy and may be sensitive to 
small variations. A good approximation of the most decisive factors may provide more 
robust solutions. These aspects need further attention. Furthermore, the need for a quick 
algorithm that sufficiently fast generates sufficiently good solutions for large-scale 
problems is also a big challenge. Therefore, we are also developing a greedy algorithm 
which effectively delivers good solutions within the permitted time. To quickly retrieve a 
feasible solution the algorithm performs a depth-first search using an evaluation function to 
prioritise when conflicts arise and then branches according to a set of criteria.        
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