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Abstract  
 
This thesis is to set out to study the impact on the Swedish Railroad in regards to the 
predictions on the estimated time of arrival. The impact referred to, would involve how 
the quality of the estimated time of arrival would change when a positioning device 
would be introduced to the trains in the railroad system. The thesis will also study the 
impact of a reduced number of train dispatchers, which handles the different 
geographical areas of the railroad, and investigate what the outcome would be if a 
central single train dispatcher would be to handle all trains in the set railroad system. 
The investigation conducted in the thesis will further rank the different combinations of 
the approaches mentioned and conclude which would be the most beneficial factor of the 
two. An attempt will be made not to only rank the approaches but also assign a notion to 
how much better the quality in the estimated time of arrival predicted in the Swedish 
railroad could be improved by introducing these two fairly straight forwards methods. 
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1. Background and motivation 
 
The railroad systems of today are a complex combination of a variety of factors. The 
Swedish railroad system is no exception. The railroad system persist of different entities, 
the most obvious being, tracks, that are to be maintained at all times and trains, which 
transport the cargo and have to make sure the passengers are having a comfortable ride. 
There are however also more hidden actors, like train owners that receives requests from 
various clients like passengers and companies. Requests regarding cargo to be 
transported, passengers to be carried and train dispatchers, which plans the schedules, 
avoid train havocs and other security aspects and so the list goes on. Trains are part of our 
everyday modern lifestyle. All in all just to get something, or someone, from point A to 
point B, within a decent estimated timeframe. However, the system has some flaws. Who 
has not been rushing to the train station, running on to the platform in a hurry, just to 
discover that the train is a tad delayed? Sometimes you wish that an announcement of a 
delay could be made a bit earlier, to avoid the panic rush. If not, at least to be able to plan 
a different route or to tell that person waiting on the other end that you are late, but you 
do not know if the delay is 15 minutes or 2 hours. This is of greater importance in our 
busy society as time costs money. Imagine a freight ship waiting at a given port for a 
freight train to arrive with some newly made cars, straight from the car manufacturer. The 
significance of reliability, predictability and punctuality applies to an even greater extent 
in freight transportation. Imagine a delay in the schedule which may cause the freighter to 
have to wait an extra day at port. As a result, this would have the effect for the shipping 
company to pay a higher fare in harbor expenses, cutting down those profit margins. 
Another scenario could be a passenger train, being delayed; causing the passenger to miss 
his connecting flight, and the vacations would be ruined. It might sound silly, but the 
passenger would not be a happy customer and the railroad business would loose out if he 
decides to take the car the next time he goes on vacation.  
 However, delays are inevitable, that is the nature of the railroad. An object might 
fall down on the track, or from time to time obstructed by something less extreme. The 
train might break down due to some mechanical errors and then there is the entire 
concept of the human factor, creating the potential source for delays almost infinite. The 
delays might be preventable and minimized up to a certain degree, but never eliminated. 
In this thesis, those delays are accepted as they are, and whatever they are caused by. 
This thesis will instead focus on how to minimize the impact of those mentioned delays, 
which if handled correctly, may in turn eliminate the problem that the delay generates. 
The freighter in the example above might not need to stay in port an extra day if the delay 
is announced in advance. The ticket for the plane might be rebooked if the passenger gets 
to know about the delay in advance, and what the effects of the delay will be for the rest 
of his journey. 
 When a commercial train starts its journey from point A to B, it has a time table 
or a schedule. If we look at Figure 1, a train, Train 1, should be leaving station E at time 
T0 and arrive at station F at time T1. Time T1 will be estimated time of arrival of the 
train, or henceforth, ETA. The train will have another ETA, describing when it should 
arrive at station G at ETA2, and so forth with station H, ETA3 and finally arrive at 
station I, ETA4. Train2, starting at station H, has a different set of ETAs along its journey 
to station C.  
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The authority responsible for the scheduling and management of train traffic in 
Sweden is called the Swedish National Rail Administration (in Swedish, Banverket) and 
its subdivision organized into eight dispatching centers (in Swedish, 
Driftledningscentraler, (DLC)). Henceforth, these will be referred to as Train Dispatcher, 
or TD. Each dispatching center works independently from one and other, but that does 
not mean they do not affect each other. A train which is scheduled to travel a certain 
distance might be crossing these invisible borders, spanning over numerous train 
dispatchers. A delay caused in one of the areas might affect the entire mesh of train, 
causing delays much like a ripple effect on water.  
 

 
 
Figure 1.  The figure shows how a delay caused at Train2, will affect trains. In this case Train1, Train 3 and Train 4 will be affected, 
showing the ripple effect a small delay can invoke. [1]. The X axis consists of time and the Y axis different stations. 
 
1.2 Focus 
 
 The idea of this thesis, as stated above, is to focus on the ETA. As Figure 1 
shows, it is not only for the passengers of the delayed train that might be affected by a 
delay, and it is not only for them that the ETA of each train is important, as trains carry 
dependencies amongst each other. The different ETAs are a major concern when it comes 
to predict all trains and the status of the network. If a new ETA which is created due to a 
delay, is known in advance, a lot of the shortcomings could be handled more smoothly, as 
described in the examples above. Therefore the concept of different degrees of quality in 
respect to the ETA is introduced. A new ETA caused due to a delay could be of higher 
quality than another ETA, depending on several factors. For example, the ETA has to be 
put in context with the actual time of arrival, or henceforth, the ATA, when the train 
arrives at the end of the each track. More on the different levels of ETA will come later 
on as the thesis goes deeper into the subject of ETA and how to measure quality. The 
thesis however has two major hypotheses, from which a third can be drawn. The first 
hypothesis is that some sort of positioning device mounted on the train will improve the 
quality of the ETA. A positioning device could be anything ranging from a GPS device, 
to something less heard of like a conductor that can measure the distance in regards to the 
time an electric signal takes to be sent to the moving train, if possible. The type of device 
is of less importance, the important assumption is that every train in the system is fitted 
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with this device and that it is fairly accurate. The second hypothesis is part time a 
question. Why having eight different train dispatchers when a single train dispatcher 
controlling all geographical areas must fare way better in terms of transparency. Instead 
of delay affecting the eight different train dispatchers in different ways, by using a single 
central train dispatcher, a delay will affect the entire system in a much more controlled 
and computable way, once again also resulting in ETAs with higher quality. At least 
these are the hypotheses to start off with initially, disregarding the higher data load on the 
single train dispatcher due to an increase in traffic and disregarding the cost equipping all 
trains with a positioning device.  
 The approach to test and verify or perhaps denounce these ideas has been thought 
to be carried out in a software program, simulating a section of a railway infrastructure 
and a number of trains running on top of it. There is also going to be a need to generate 
an amount of infrastructures as well as an array of different schedules, depending on the 
number of trains, the traffic load and the time span of the simulation. Furthermore, there 
has to be a way to present the outcome of the simulation and a way to determine the 
quality of the ETA that the simulation produces.   
 At this point, one could wonder if all this is necessary just to prove the two theses 
above. It is quite obvious one could argue, a setting with trains equipped with positioning 
devices would clearly outperform a setting where the trains does not have any positioning 
devices. Or that a railroad system only controlled by one train dispatcher would handle 
the internal communication way better than a system with eight independent entities. 
However, as hinted above, there is a third hypothesis that is much more interesting. This 
is not as much of a hypothesis as it is a conclusion, but it still holds a very intriguing 
question. Which of the different settings causes the biggest improvement? In a world with 
limited budgets, is it better to put your money on upgrading all the trains with a 
positioning device, or will a central train dispatcher spawn a bigger improvement in terms 
of ETA. And how much better will the different approaches if pitted against each other 
be, and maybe most interesting, how much better would a setup utilizing both approaches 
act in comparison to the current Swedish railroad system. 
 
1.3 Positioning Technologies 
 
 In the road transports the use of positioning devices is widely spread. Lately the 
railroad community has made some progress within this area, since some members of the 
Association of American Railroad (AAR) started using a technology called Automatic 
Equipment Identification (AEI) [4] to monitor their cargo and trains. The European 
railroad community however has had difficulties deciding which technology to use; AEI 
or the more commonly known Global Positioning System (GPS). Global System for 
Mobile Communication is another technology that could be used. The AEI technology 
system is not the best solution for our approach since the trains has to pass readers to 
know the exact position [4]. With GSM triangulation or GPS the train dispatchers will 
have a real-time location of the train at all time. In the last stages of the writing of this 
report it has come to attention that the European Union has decided to implement 
somewhat of a positioning device, called GSM-R which seems to fulfill what is needed. 
This is due to be implemented in 2006 and looks to be an interesting approach [9]. 
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 One interesting new technology that could optimize the use of the Swedish railroad 
system would be to introduce the notion of multi agent systems. In the air traffic system 
(AAS) there is today several intelligent software agents representing entities such as 
aircraft, airlines and ground units. Since the agents are intelligent, they can negotiate with 
each other to create the best solution to a given problem[5]. In a multi agent system, the 
agent does not act alone, and since it is intelligent will it be able to reason with whatever 
other agents that exists in the system on what to do. This notion could be used in the 
railroad system as well, to reduce delays and to optimize the use of the infrastructure [2]. 
However, this approach of technology is more in line with controlling the flow of the 
traffic, and does not riddle the problem of how to ensure a high quality ETA 
 
 
2. Estimated Time of Arrival, ETA 
 
Before continuing down the dwindling road of ETA, ATA and different approaches, its 
now time to explain the notion of quality. How can one know if one approach is better 
than another if there has not been a viable term established for quality in terms of ETA, 
which is after all, the focus of this thesis?  
 To get an even firmer grip on the subject, let us start from the beginning. What makes 
the railroad system rather unique is the demand for punctuality. Punctuality is more of an 
issue in the railroad system than in most other modes of transportation since deviations in 
this system could spell severe consequences, due to the limited capacity of the 
infrastructure. An obstacle on the track would create delays, since there is no simple way 
to go around it. In terms of passenger traffic, it would also be considerable harder to 
reroute the train, as the train is expected to stop at specified stations along the route, 
specified in the time table. Rerouting of a train would leave passengers waiting at 
bypassed stations, and passenger trains can not be made to go ahead of schedule as 
passengers suddenly would find themselves missing the train, as it left 10 minutes ahead 
of schedule because there was a good opportunity to avoid potentials delays later on. 
However, when a delay occurs, which happens on a rather regular basis based on 
empirical experience and also plain fact [3], the customer should be informed of how big 
the deviation will be from the original ETA and a new ETA should be given or predicted. 
This is not only important for the delayed train, but there might be trains depending on 
the delayed train, much like figure 1 shows. Therefore the new ETA is important to 
retrieve quickly, so any other affected train can have its ETA updated as well. Computing 
new ETAs for a train only becomes relevant when the train is being delayed (or is known 
to become delayed) and deviates from its planned timetable. Today, the computation of 
ETA is done manually by the dedicated train traffic manager. Due to insufficient support 
provided to the traffic managers, the generation and usefulness of new ETAs for the 
Swedish railway system are poor and could be improved. The way that the ETA is 
calculated today is by manually using what Swedish Banverket call graphical timetables 
[3]. It is basically a time-distance chart with the stations on one axis and time on opposite 
axis. In the chart, variables such as the route’s length and the intensity of traffic are used 
to further narrow down an ETA. With all variables taken into account, this hefty 
calculation is made and an ETA is produced. 
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 Now, let us discuss the quality of the ETA, what does it mean when it is empirically 
stated that the quality of the ETA produced today could be better. First we have to settle 
on the variables included when talking about quality. This thesis is using the following 
interpretation.  
 
 

• How close the ETA is to the actual time of arrival (ATA) 
• At what point in time the ETA is calculated 

 
In practice, how close or in other words, how close the ETA is that is displayed on the 
billboards on the platform area, to the actual time when the train arrives at the station. 
The second variable implies at what time the ETA is displayed on the billboard. This is 
where the main focus lies of the quality, and what the thesis focuses on as a deterministic 
model is used. Therefore, the first argument of the definition is disregarded in the thesis, 
even though it is part of the definition. As long as all the other variables are known, the 
point in time where the delay is detected is one of the major concerns. For example, an 
inevitable delay occurs somewhere along the track. Numerous people are waiting on the 
platform for their daily commuter train to arrive, however, due to the delay no train is 
appearing. After a while there is a short announcement saying the train will arrive in 10 
seconds. Moments later, 10 seconds to be exact, the train arrives but at this point there is 
little the passengers can do to minimize the impact of the delay. Maybe if they knew 
about the delay sooner than 10 seconds before the train arrived, they had been able to 
take the commuter bus. The opposite scenario would be just as frustrating. Once again 
there are passengers waiting on the commuter platform. A 12 minute delay occurs 20 
minutes before the train should arrive, and an announcement is made 20 minutes in 
advance to the train arriving. The announcer is telling the people waiting the train will be 
2 minutes delayed, while in fact after 22 minutes, there is still no train appearing on the 
platform. Instead the train arrives after another 10 minutes and the passengers will be 
furious as in the previous example, if not even more. It is hard, not to say impossible to 
say that any of these two variables bear more significance than the other, as the different 
variables impact differently, depending on what is most important for a given use case.  
 An inaccuracy in the ETA compared to the actual time of arrival, ATA, within a very 
short notice, maybe will not destroy my day as a commuter; however it might have severe 
consequences if a passenger is having a connecting train waiting for him. The opposite 
alike, if a delay is announced way in advance, but where the difference in between when 
the train arrives and when it was said to arrive is noticeable, might most certainly upset 
me as a commuter running late for work, but for a passenger waiting for a connecting 
transport, would be sufficient in order for the passenger to rebook the upcoming. 
 Since this thesis is so heavily focused around the ETAs, the notion of a scenario like 
this would be a mind twister in the end, as when the scenario gets more complicated, and 
when calculations are added, this will be mostly confusing for the reader. Furthermore it 
would be quite tricky to acquire exact data from to get a detailed overview of what is 
happening. To overcome this, a visual representation is introduced and applied to the 
scenarios above to clarify the matter. 
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The arrival time is located on the Y axis and the time that passes is shown on the X axis. 
At station 1, we know according to this specific train’s time table that the train will arrive 
at station 2 when (T2-T1) units of time has passed. This specified point in time is referred 
to as the ETA.  As this train does not suffer any delays, the ETA does not change at any 
point during the train’s route from station 1 to station 2.  
 
To illustrate the commuter scenarios portrayed above, the corresponding graphs will look 
like figure 3 and figure 4. 
  
 

 
 
At first glance this may look like a totally different type of graph. In order to better 
understand this type of graph fully, lets take it from the start and go through it step by 
step. The train was scheduled to run from station 1 to station 2, in the same way as in the 
previous graph. According to the same time table, the train should arrive at Y o’clock at 
station 2, shown as the faint grayed out line ending with the dot shows, indicating the 
ETA. In this scenario, the train is running as normal at first, exactly as the previous train 
was doing in figure2. However, almost halfway through its course, the train suffers an 
inevitable delay, there was a mysterious shortage in the power and the train came to a 
halt. This is displayed by the sudden jump on the Y axis. In real, this sudden jump is not 
as sudden as the figure shows, but it is rather an incremental increase over time, making 
the delay tilted over time. This would more or less look like a stairway where each 
second that passes during the delay would be a new step in the imaginary stairway. 
However, this would have the effect for passengers waiting at the platform, that the ETA 
would be updated every second, which maybe is not always as useful. It was decided that 
this was a time span that was to be regarded to facilitate the implementation, but it is an 
assumption made in any case. The delay is therefore assumed to have happened once the 
delay is cleared, and the train is no longer in a halted mode. The actual time when the 
train is arriving at station 2 has now changed and it deviates from the initial ETA. As the 

Delay announced 

T2 
 

T1 time 

Arrival time 
 

ETA1 

Fig 3. The delay is announced with very short notice, but very high accuracy. 

ATA, ETA2 
 Delay occurs 

T2 T1 time 

Arrival time 
 ETA 

Fig 2. This is a normal schedule with no delays.  T1 represents station 1 and T2  represents station 2. 
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train still would need to cover the same distance, (not entirely true, more on this topic 
later), the new ETA is moved as much on the X axis as train is delayed on the Y axis. The 
new ETA is also raised the same amount as the train is delayed, resulting in being ETA + 
delay = new ETA = ETA2. Just before the train arrives at the platform, the actual 
announcement is made. The passengers waiting on the platform has up until know been 
unaware of the new ETA Some passengers, like the normal day commuter, just going 
from Station 1 to Station 2 maybe wont be so affected by this, even if it is announced 
with a very short notice, because the delay is so short and it doesn’t affect his further 
traveling plans. However, if a passenger had a waiting train, at Station 2, waiting to take 
him to Station 3, and he gets to know about the delay within this very short notice, 
resulting in him missing his connecting train, then he could become quite upset. 
Especially if he was to be aware that this announcement could have been made way 
earlier, allowing him to re-book his connecting train. He has just experience an ETA 
prediction quite low quality. 
 
In the second commuter scenario, the graph would look like below 

 
In this second graph, the announcement is made very close to the actual occurrence of the 
delay, however, the newly predicted arrival time, represented by the ETA 2, is not totally 
correct., resulting in the train arriving later than it was predicted to do. If the reader for a 
moment focus on the graph, then there is something else than can be made out from this 
graph. From where the delay occurs on the X axis to where the ATA stops on the X axis 
and looking at the way the delay is illustrated on the Y axis, this forms a kind of square. 
This is what in this thesis is known as the “base delay value” and its’ value can be 
calculated by multiplying the delay and the difference between the ATA and the 
occurrence of the delay on the X axis. If the reader then focuses on what the 
announcement predicted, and creating an imaginary box in the same way, which could be 
translated into estimated delay (Y axis) multiplied by the (ETA2 – announcement time), 
which equals the estimated delay value, another box, however smaller At this point we 
would have the base delay and the estimated delay value. Subtracting the estimated delay 
value from the base delay value, would give a number which would be the measurement 
of how good the estimation was. By looking at figure 3, where it is even easier to make 
out the imaginary boxes, figure 3 would leave an estimation that is roughly half of the 
base delay value, while figure 4 would result in slightly better estimation in terms of 
quality. 
 In the way that the quality of estimates is defined in this thesis, according to the two 
variables outlined above, this is the procedure of how they are calculated. The author has 
to stress that this is in no way any official way of measuring estimations. However, the 

ETA 2 
Delay announced to 
billboard 

T2 
 

T1 time 

Arrival time 
 

ETA 

Fig 4. The delay is announced almost as soon as the delay is detected, but the 
prediction is far offset. 

ATA 

Delay occurs 
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author has neither, after extensive searching found any official way of how estimations 
are measured. This will therefore stand as the unofficial way of measuring the quality, at 
least in the scope of this thesis, but once again, it is nothing written ribbed in red tape. If a 
better way of measuring the quality is to be found, changes the variables would be made 
accordingly. This leads to the next shortcoming. At the initial start of this thesis, which is 
part of a larger research project at Blekinge Institute of Technology, there was a brim of 
hope of getting the hands on actual data from Banverket, but unfortunately this was not 
possible in the end. The larger research project, however, was able to provide us with a 
sample of the actual infrastructure in use and corresponding schedules. This set of data, 
provided at a later stage of the project, proved not to be totally necessary and was 
therefore discarded due to reasons that will be explained later on. It is important to stress 
in this chapter that the thesis is not trying to change the ETA, and how exact it is, but 
instead calculating is early as possible, and try to calculate it correctly so it does not have 
to be changed in the future, if no more delays are introduced. 
 
 
 
 
3. Railroads and organization 
 
If we try to make the structure of a railroad system more abstract, it can be represented by 
a graph. A graph is a collection of nodes in which the nodes are connected to each other 
by arcs. To make this more computer science related, the correct terms would be vertices 
and edges. The vertices are the different locations in the railroad system, e.g., stations or 
points. Each vertex is characterized by a unique name and a set of edges that is connected 
to it. The edges are the physical are the physical track between the different stations or 
points. 
 
3.1 Train dispatching 
 
The Swedish railroad is divided into five geographical. These are further divided between 
eight traffic control centers, also known as train dispatchers; TD. The centers are together 
responsible for the entire Swedish railroad, and they also remote control 8005 kilometers 
of railroad out of a total 11830 kilometers. Each center is further divided into smaller 
units, typically having one physical operator being responsible for a fraction of the area 
the TD controls. During twenty four hours, approximately 3400 trains are controlled by 
the train dispatchers [6]. When a deviation in the train schedule occurs, it is up to the 
train dispatcher to take the necessary actions and decisions. They are able to change the 
priority of trains, and let higher prioritized train depart before lower prioritized trains. 
The priority aspect in the train dispatcher decision process is left out in this thesis and 
would make a good place to start expanding the simulator in the future. Within the 
assumptions made in this thesis the only thing the train dispatchers are managing is the 
linear deviation in the time tables. 
  As the delays are handled today, the deviations are reported by the train operator, i.e. 
the driver. Although the system knows which train is on a certain allocated block at a 
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certain moment, the system cannot tell exactly where on the track the train is, or how 
much of an delay that is imposed.  
 The connection between the different train dispatchers are not as one would expect 
automated, neither computerized, instead the train dispatcher are depending on manual 
communication, phone calls and the likings to pass in order to pass information on update 
time schedules between the different train dispatchers. This way of communicating 
creates a certain amount of latency between the different train dispatchers and, in extreme 
cases, the updates will not even be sent to the concerned train dispatcher about an 
incoming train’s deviation in its timetable. 

 
 
4. Problem description 
 
It is now time to connect our newly defined quality notion with the hypothesis presented 
in the introduction. The thesis will be composed of four different announcement methods 
or estimations more precisely. Each method will be characteristics by a different setup 
represented in the system. Each and every method will be making it’s prediction on the 
ETA based on the same delays, and the quality will be calculated depending on the 
different attributed the setup has. The introduction explained that these attributes were to 
be the number of train dispatchers in use, namely one central train dispatcher or eight 
smaller independent train dispatchers, and whether or not the trains are equipped with  
positioning device or not. Combine the different hypotheses and we will have four 
different setups of how the predictions are made. 
 
4.1 Eight Train Dispatchers, No Positioning Device 
 
 The first setup would be a combination of eight train dispatchers and no positioning 
device, which would equal how the trains and railroad system look and act today in 
extreme cases. As the eight different train dispatchers interact differently and 
individually, there is no way of exact knowing how much latency their communication in 
between each others carries. In practice, it is hard to get an exact number of how long 
time it takes before a train dispatcher calls up the other train dispatcher and tells him that 
there is a delay in an incoming train. The only thing to be sure of is in the most extreme 

Fig 5 Vertices and edges(stations and tracks) with their corresponding train dispatchers shown as the ellipses. 
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case, that the train dispatcher does not have time to call up the train dispatcher and the 
upcoming train dispatcher is therefore totally unaware of the trains deviation from their 
timetable. With the defined methods this would mean that a train would always know for 
sure the exact delay that is has suffered when it reaches its next node in the infrastructure. 
Even though the conductor of the train can tell to the train dispatcher that it is delayed, an 
exact figure can not be told. If the train is to pass across and into a new area controlled by 
a different train dispatcher, this train dispatcher would neither be aware of the deviation. 
This is the current organization of the Swedish railroad, in its most extreme form. 
 
4.2 One Train Dispatcher, No Positioning Device 
 
 The second setup is implementing one of the hypotheses, namely to reduce the 
number of train dispatchers to just one single controlling center. In this manner, even if a 
train is crossing different geographical areas and entering different train dispatchers’ 
territories, as it stands now with the setup, a single train dispatcher, the moment a delay 
of a train is known within the system, all time tables on all trains could be updated 
immediately without any unannounced delays further on. The trains are still not equipped 
with any positioning device, so the trains can not know how much of a delay they have 
suffered until they reach the upcoming node. This setup can also be seen as the result of 
eight train dispatchers when they have total and instant communication. If the train 
dispatcher would work in this manner, the eight train dispatchers could be seen as acting 
as one. The truth lies probably somewhere between the first setup and this one, all in all it 
is more a matter of transparency between the different areas. 
 
4.3 Eight Train Dispatchers, With Positioning Device 
 
 The third setup is yet another of the hypotheses. In this case, the setup is reverted 
back to eight train dispatchers but this time each train would be equipped with a 
positioning device. As soon as a delay occurs, the train would be able to make out where 
on the track it is situated, and then calculate how much time it will need of further driving 
in order to arrive to the next node. With a positioning device, the train would not have to 
wait till it reaches the end of the track to exactly pinpoint its’ location, and thereby being 
able to inform the train dispatcher of exactly how much the train is delayed in the 
instance the delay occurs. This is done by pinpointing the current location and calculating 
how much time it is needed in order to cover the remaining stretch. With the time known 
left on the stretch, it is an easy calculation to see work out when the train is arriving and 
see by how much this time deviates from the original ETA. However, once more, the 
problem of different train dispatcher areas will arise, causing problems when the train has 
routes in the timetable that spans several geographical areas. 
 
4.4 One Train Dispatcher, With Positioning Device 
 
 The fourth and final setup is a combination of a single, all knowing train dispatcher, 
in junction with all the trains being equipped with a positioning device. This will have the 
effect that as soon as one train is delayed, the train dispatcher will immediately know 
about its whereabouts and can therefore calculate the new ETA on the fly much like the 
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previous setup. In this case however, with one single train dispatcher, any train that will 
be crossing into different geographical areas, and other potential trains affected by the 
delay, will have their time tables updated as well, however far away they are. With this 
setup, it can be said, that the butterfly effect is covered, i.e. a small delay at some point 
will not blow up to a unforeseen big problem later on at a totally different part of the 
network 
 
The calculations, as explained in chapter 2, are based upon the value of the imaginary 
box that every prediction leaves.  
 

 
Figure 6 displays how the predictions are made in a very basic environment. The moment 
that the delay is known, and can be reported, the setups with positioning device are able 
to detect the delay directly. As this detection is made in the same instances as the delay 
clears, the box these setups produce will be the delay, Y multiplied with the latency (X-
axis) in the detection which is zero in this case, resulting in a box with zero value, and 
cannot therefore be shown. The other two setups however, are not able to detect the delay 
accurately until the train arrives at the end node, resulting in an imaginary box that is 
represented with the dotted area. In this example, the first two setups are able to produce 
an estimate with the highest possible quality while the second pair is producing an 
estimate with the lowest possible quality. However, this is a very extreme scenario with 
just one train one and one track. The next figure shows a scenario with a higher 
complexity. 

T1 
 

T2 
 

ETA1 
 

ATA, ETA 2 
 

Fig 6. A very basic network, with the most basic delay and most basic 
calculations. The arrows display the time of estimation. 

8 TD, No positioning device 
1 TD, No positioning device 

8 TD, positioning device 
1 TD, positioning device 

Time 

Arrival time 
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In the slightly more advanced figure 7, the train has a second track in the schedule to 
cover. The second track is also located at a different train dispatcher, resulting in possible 
loss of quality depending on setup. The delay introduced at Track A, will have the effect 
that the train is going to be delayed on Track B as well. The setup with one train 
dispatcher and positioning device is able to detect this deviation the moment the delay is 
cleared. This is illustrated by the arrows pointing outwards from the corresponding label. 
This results in a quality box with the added sum of zero as in the previous graph. The 
next setup, with eight train dispatchers and with positioning device is also able to detect 
this initial delay on Track A, resulting in a first value of zero as well, however, since this 
setup has eight different train dispatcher, the second train dispatcher will not be aware of 
the delay until the train enters the area of train dispatcher Y. This results in a latency of 
the announcement and a value created out of the time from when the delay could 
theoretically be found and calculated, as the first setup did, ranging to the point where it 
was detected by the setup. This is portrayed as the box with striped lines in it, with an 
added value of 0 + the value of the striped box. The third setup, with one train dispatcher 
and no positioning device are able to detect the deviation as soon as the train arrives at 
the end of Track A. It is then able to calculate the deviation of the remaining routes, but it 
has missed the potential time from when the delay occurred to when the train arrived. 
This results in a value from the first track being visualized by the dotted box, plus the 
value of the striped box. The fourth setup is not able to detect any of the changes until the 
train enters the both end nodes. However, since it can detect that the train is delayed, and 
that it enters the track X amount later than it should, it is therefore able to estimated that 
the train is X amount delayed. This gives a quality value of the dotted and stripped box 
added together. 
 

T3 
 

T1 
 

T2 
 

ETA 
 

ETA 
 
 

ATA, ETA 2 
 

Track B, TD Y Track A, TD X 

Fig 7. A slightly more advanced network, in order to show the concept of the how 
the quality is calculated. The arrows display the time of estimation. 

1 TD, No positioning device 
1 TD, positioning device 

8 TD, positioning device 8 TD, No positioning device 

ATA, ETA 2 
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At this point it is already quite obvious that the forth approach is better than the first. 
However, it is harder to tell how much better it is, which would be quite important if it is 
decided that this change in the railroad organization was to be implemented. Is it worth 
the cost? Furthermore, if it is decided that only one of the approaches should be 
implemented, which of the second and third setup should be given priority? At this point 
it is hard to say which of the two would outperform the other. 
 
5. The Approach 
 
To answer these questions, a viable solution would be to test the setups with their 
different characteristics in scenarios. Another approach would be to get the current layout 
of the Swedish railroad network as it looks today, but as this proved difficult; in the end 
this option was disregarded. It would also have left the delicate problem of what part of 
the railroad to use as a scenario. As will be explained further on, the scenarios are just 
samples of a network, in order to conserve time and complexity, but also to keep the 
impact of assumptions made minimized. Instead, the approach is to run different 
imaginary scenarios multiple times, enough to get some significance in the results in 
order to draw conclusions for the findings. However, it could be interesting to at least use 
the actual infrastructure of Swedish railroad network as one of the scenarios. In order to 
run these scenarios, which in theory could be done on a paper, albeit very tedious, a 
simulator was decided to be developed. This simulator would contain the infrastructure, 
the trains, and the train dispatchers, the time tables which the simulator has to be able to 
combine and to calculate what is happening at every second in a given scenario. The 
simulator would then generate arbitrary delays into the scenario, and the different 
approaches described in chapter 4 would then be used to calculate the potential new ETA 
that a delay is causing. All four setups would be implemented in the simulator so once a 
delay occurs, each and every setup would do its propriety calculation and announcements 
depending on its characteristics. The source code for the simulator developed just to 
calculate these predictions can be found in Appendix A. The simulator uses a range of 
different concepts, some mentioned above, and to fully understand the simulator in depth, 
each concept will be explained below. To get a more technical view of the simulator, 
Appendix B contains a basic class diagram with the necessary functions and Appendix C 
contains a flow chart on how the simulator operates. 
 
5.1 Scenario Generator 
 
 First of all, the simulator and trains, needs an infrastructure to use. As a larger 
infrastructure is quite time consuming to build, adding the trains and calculating the 
corresponding time tables, there had to be a way of generating this in order to build the 
base for a scenario? Especially if there are going to be numerous of scenarios simulated 
in order to draw conclusions, not only from one specific railroad network, but from 
many, in order to establish that the setups does not fare differently under different 
circumstances. 
 In order to generate a scenario, a script was built in PHP, which also can be studied in 
detail in Appendix A. The script asks for the max number of trains the scenario should 
contain, the amount of tracks that the infrastructure should be made up with, and what 
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time span the scenario should cover. With this nailed down, the script starts to generate 
timetables for each and every train, depending on the variables above. The result is saved 
in an SQL format, and is ready to be imported into any SQL database, which the actual 
simulator uses later on. The train generation is straight forward, each train is generated 
with a number and a name, the name spanning from “Train0”, to “TrainX”, depending on 
the number of trains requested. When it comes to generating the actual railroad tracks, the 
script starts by randomizing how many tracks each train dispatcher should keep under its 
responsibility. When a track is generated, it will be assigned to a train dispatcher, which 
is stored in the track information together with other attributes that each track has, such 
as, max speed of the track, the length of the track, and to what other track it is connected. 
It is assumed that trains in the network while operating, can achieve a speed up to at least 
the allowed max speed of the track. It is also assumed that each train, while running, is 
running at max speed of each track. More realistically, there would be a normal speed 
and an allowed max speed of the track where the normal speed is the speed a train 
normally would be keeping, while the max speed is the max speed a train would be 
allowed to achieve in order to recuperate lost time. However, when a random delay is 
generated, the delay assumes the fact that the max speed is used for the remaining parts 
of the track while trying to recuperate the lost time, but that the train still would be 
delayed. This will be touched upon more in detail in chapter 5.2.  
 Each track, once generated, is then connected to an existing track. In order to 
resemble something somewhat close to reality, the tracks are given a higher chance to 
connect to tracks that are already assigned to the current train dispatcher under which the 
new track will be created. If not, there will be a mish mash of tracks connecting back and 
forth across the different train dispatchers. Not said that different tracks not are 
connecting across train dispatchers, but in order to gain some structure, there is a slightly 
higher chance for this to happen. If not, the network would look like something in figure 
8b, instead of something like in figure 8a. 
 

 
 
 

Fig 8a.  
This is a realistic railroad network 

Fig 8b 
This is not how the author pictures a 
realistic railroad network 
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 With the trains and tracks generated, and the different tracks connected fairly 
realistically to one and other, the program starts to generate timetables for each train. This 
is done with the desired time span taken into consideration, no time tables will be 
generated covering time in advance, nor after, the time span given. Normally, the 
scenarios depict only a sample in time; let us say for one hour, instead of days and weeks. 
The important thing to prove with the simulator is how the different setups react, and not 
so much exactly present an accurate copy of the railroad traffic spanning over weeks. By 
any given train, a random time is acquired, within the desired time span of the sample. A 
random start node is acquired out of the viable previously generated nodes, which is not 
already occupied. The program further retrieves all the connecting nodes attached to the 
start node, and choosing one at random as the destination node. The script has now 
randomly decided the first track that the train should be traveling on. The next step is to 
look at the length and speed of the track, and together with the assumption that trains are 
always running at max speed, the ETA is calculated, when the train should reach the end 
node of the track. Depending on the desired load of the scenario, the timetables are 
generated in accordance, which by default, is set to try to maximize the sampled network. 
This means that once the train reaches its first end node, the procedure is looped over and 
over again, until the max allowed time for the scenario has been reached. The new start 
time on the new track is the old ETA from the previous track. This implies that if all 
tracks are free, the train will run in a continuous pace, from node A, to Node B, to Node 
C, never stopping.  
 If Train 2, while generating its time table, is told to go to Track A which Train 1 is 
already said to be occupying at this time, the generator will look for the next free time on 
Track A, creating a dependency between Track 1 and Track 2 on Track A. This will have 
the effect, that if Train 1 is delayed on Track A, Train 2 will also be delayed, and so will 
all the upcoming scheduled time table for both Train 1 and Track 2, as long as the rest of 
their schedules are continuous. However, if Train 2 has a “hole” in its time table in an 
upcoming schedule, then Train 2 will only be delayed up until this hole has been reached, 
as long as this hole is lesser than the delay caused by Train 1. 
To clarify this notion, the illustrations below show examples of generated time tables. 
 

 
 
 

Track B 

15.00 14.00 13.00 16.00 

Node C Node B Node  A 

time 

Arrival time 
 

ETA 14.00 

ETA 16.00 

Track A 

Fig 9. Schedule Train 1  
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From figure 9 it is possible to tell that Train 1 will run in a continuous mode and once it 
arrives at Node B at 14.00, it will directly continue to Node C and arrive there at 16.00. 
Figure 10, illustrates Train 2 starting at 14.00, and as it is utilizing the same Track A as 
Train 1, it is said to be depending on Train 1 to be cleared from Track A at 14.00 and 
then continue to Node D and arrive there at 16.00. At Node D, it will make a small pause, 
which could be an imaginary station, and then continue on to Node E and arrive there at 
17.00. If Train 1 would be delayed on Track A for 5 minutes, this will affect its upcoming 
schedules. Train 1 would in this case be delayed 5 minutes on Track A, and 5 minutes on 
Track B, arriving at Node B at 14.05 and Node C at 16.05. The delay of Train 1 would 
also affect Train 2, as Train 2 is depending on Track A to be cleared at 14.00, now 
causing Train 2 to start at 14.05 and arriving at Node B at 15.05 and Node D at 16.05. 
However, due to the pause, which is less than 5 minutes, Track D would not be affected 
of the delay and Train 2 would still arrive at Node E on time, at 17.00. 
 In this way, all trains are assigned one or several time tables for every scenario, given 
the input parameters for the script. There are some assumptions however, as described 
above, and these are quite important to bear in mind. A quite important trait with the 
scenario generator is that the number of trains supposed to be in the scenario is the 
maximum amount of trains the scenario can hold. In the case that the tracks in a scenario 
are booked to such an extent that no more train can be booked within the specified time 
span, the train in question will not be given any room in the scenario, thereby reducing 
the number of trains that the scenario was told to produce. The outcome might not be 
perfect, but for what it is set out to prove, how the different setups are going to fare in an 
imaginary railroad network, this approach generates a railroad network containing all the 
variables needed for the upcoming simulator. Events like trains depending on each other, 
as explained above will occur numerous time, and the dependency will grow more and 
more complex as the number of trains and tracks increase. Every scenario will be fairly 
randomized due to the amount of variables, and it is very unlikely that one scenario will 
be the same as another scenario. All together, this is a good way to test the hypotheses of 
the thesis as conclusions drawn will be conclusions that can be settled regardless of how 
a railroad network looks like. This is however only true if there is some kind of 
consistency in the results from the simulator. 

Track C 

16.00 15.00 14.00 17.00 

Node D Node B Node  A 

time 

Arrival time 
 

ETA 15.00 

ETA 16.00 

Track A 

ETA 17.00 

Node E 

Track D 

Fig 10. Schedule Train 2  
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5.2 Simulator 
 
 With the script generating scenarios, the focus can now be turned to the actual 
simulator. The output of the script, which is in SQL format, is inserted into a MySQL 
database, and the simulator interacts with this database when it starts to process the 
scenarios. The simulator has been developed in C# and the source code can be found, as 
stated previously, in Appendix A, which holds a hyperlink to a digital version. 
 First and foremost it needs to be stated that the simulator is in no way optimized in 
terms of speed, nor on fancy programming solutions, it might look rough at first glance. 
Instead, focus has been directed on the architecture and to make the simulator work, and 
to calculate each second of a scenario correctly. It must be stressed that this has been a 
relentless focus, several 100s of hours has been put in order to test a range of scenarios 
and to work out initials software bugs and logical errors. The result is a functioning and 
very reliable simulator that not necessarily contains beautiful code snippets, but very 
reliable ones.  
 The simulator is divided up in different structures, in order to resemble the real 
railroad system as much as possible. This means for example, that each train is fairly 
autonomous, they are owned by a train owner, and the train owner make request to the 
train dispatcher regarding the initial time table planning. Further on, it is the train 
dispatcher who report the ETAs to the GUI, much like as if they would report it to a 
billboard at a railroad station. The previously generated MySQL database containing all 
the data which the scenario generator created, tracks (and their attributes, speed, length, 
connections, responsible train dispatcher), trains and timetables, is loaded up into the 
program at the initialization of every execution of the simulator. 
  The first, and most noticeable part of the simulator, is the graphical user interface, 
GUI, which is what the user interacts with. From here, all the trains in the current 
scenario can be seen, together with their corresponding time tables. The different 
predetermined ETAs for each track is displayed, and a progress meter is displayed 
together with some additional data, in order to track every train’s progress in the 
simulation. Once a train reaches a node, the ATA is displayed, so any deviation from the 
ETA can easily be seen. Every train is also tracked by the four different predictions 
methods, and the current predictions of the ETA can be seen at any moment in the 
simulator. If and once a delay occurs, the different setups, or methods, update their 
predictions accordingly. A screen shot of the GUI is depicted in figure 11 which also 
demonstrates output from the scenario generator. 
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5.3 Train Dispatchers 
 
The train dispatchers referred to earlier are implemented as eight instances of the 
TrainDispatcher class and handled through a TrainDispatcherHandler class. The 
TrainDispatcher instances initiates by acquiring the appropriate tracks that the train 
dispatcher should be in control of. Furthermore, another task for the TrainDispatcher is to 
check whether a track is clear or if it is occupied by another train, making it impossible 
for two trains to be at the same track at once.  
 However, the single most important thing the TrainDispatcher class is assigned to is 
in regard to the hypotheses. Every TrainDispatcher instance has a local schedule of all the 
assigned tracks that it is in controlled of. This schedule contains all the instances, in 
which a train is to be located at any track “owned” by this train dispatcher. The schedule 
consists of the train, the start time, the end time, and what track the train should occupy. 
The schedule is created at start up; when the simulator starts and the trains are reporting 
their timetables to concerned train dispatchers, those who should be handling the train at 
some point along the train’s route. The local schedule of the track usage is sorted in 
regards to the starting times, meaning that early start times are located in the beginning of 
this schedule and later start times are located in the end of the schedule. The schedules 
are made up out of “Time Table Structs”, stored in an array and sorted by the notorious 
bubble sort. To further complicate matters, there are actually four different local 
schedules, which equal the number of prediction models, or setups. Each model, 
characterized by the hypotheses, has a schedule and changes and updates are calculated 
on the appropriate schedule depending on how the setup/hypothesis should behave. Two 

 
 
Fig 11 A screenshot of the GUI. The simulation has just begun; Train 35 is waiting for the time the strike 00:02.01 to start its first track from node 46 
to node 40. To the right are the different methods that calculate the ETA. In this case there haven’t been any delays, and therefore the methods are all 
displaying their original predetermined ETA. 
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of the schedules are actually not even contained in the eight TrainDispatcher instances of 
the class, but instead located on the TrainDispatcherHandler. This is done in order to 
simulate the models which are supposed to only have one train dispatcher. It is also these 
four schedules that can been seen on the right side of the GUI, shown in Figure 11. 
 When a delay occurs, depending on the circumstances, a TrainDispatcher’s schedule 
might be recalculated. Since the schedules are previously sorted in chronological order, 
the recalculating method skips all the instances in the local schedule that have a start time 
prior to the instance in where the delayed occurred. The recalculating methods then move 
the start and end times of all the following time tables to correspond with the delay that 
has been presented. Here, the recalculating process has to take into consideration the 
concept about “holes” in the schedules as explained previously. Since every 
TrainDispatcher is unaware of what the rest of the TrainDispatchers are doing or what 
information their schedule holds, it is only the affected TrainDispatcher which is 
responsible for the track where the delay has been noticed that is updated. Once the train 
enters a new track, and if this track is located at another TrainDispatcher, first then the 
next TrainDispatcher gets to know about the delay. In the case with only one 
TrainDispatcher, the schedules are handled globally, and contain the entire mesh of time 
tables. As soon as a delay is detected and a recalculation is requested on any of these two 
schedules, the same procedure happens. The difference is that all affected timetables are 
updated at once, and not only the current the tracks and timetables in the current area. As 
soon as a train dispatcher receives the information that a train is delayed, the updated 
schedules are announced to the GUI, which will depict the newly recalculated schedule as 
a potentially new prediction of the ETA on the concerned trains. The schedules which 
have a deviation in their time tables, in regard to the previous predictions or to the 
original time table, will be stored in the database.  This is made in so that the different 
predictions made by the train dispatchers in regards to the prediction models can be 
analyzed once the simulation has finished. 
 
5.4 Trains 
 
 The next major part is of course the trains and how they are implemented. At the start, 
every train is assigned its corresponding timetable from the previously generated 
database. These scheduled timetables with predetermined routes and ETAs are being 
displayed to the left in figure 11. In order to proceed, the simulator has to be explained 
more in detail. The simulator is made to update the state of the railroad network every 
imaginary second. At the start of every execution, arbitrary delays are predetermined to 
happen on each and every train. This chance of a train being delayed is based upon 
statistics [8] which is saying that one out of every ten train is suffering a delay. This 
translates into a 10% chance for every train to be delayed. Before the actual simulation 
starts, each train has a 10% chance of being labeled to be delayed at a certain point in 
time somewhere in the train’s timetable. 
  Once the simulator is running, it updates the status of each train depending on what 
the train should be doing. When the time arrives for a train to start its journey, it starts by 
contacting the responsible Train Dispatcher for the intended track. If it receives a go 
ahead from the Train Dispatcher, the train starts to run. In the simulation, no attention is 
given to the actual acceleration and deceleration of the train. This is an assumption made, 

 23 



as calculating this variable is depending on a range of factors, traction, weight, wind, 
engine, torque and is not relevant in the scope of the hypotheses. The current speed is 
calculated for every second that passes and so is the length that the train has driven on the 
track. Once the train reaches the end node, this is reported to the Train Dispatcher which 
flags the track as free once again, and the train now waits for the next start time to arrive 
and the procedure is repeated all over again. If the track is not free when the time arrives 
when the train should start to run, then the train keeps asking the train dispatcher every 
second if the track is free, until it gets a go ahead from the train dispatcher. Meanwhile, a 
potential delay is building up. However this scenario should not occur when there are no 
delays in the system, and should only be the case of a faulty time table, which neither 
should be the case if the time tables have been put together correctly. All together, this is 
the basic flow of how the simulator works when there are no delays introduced. The 
trains are running, reporting their progress to the train dispatchers, once they reach every 
end node and the Train Dispatcher report to the GUI. This can also be seen as the 
imaginary billboard, where the passengers are looking, standing at the platform to receive 
information about their trains. 
 If a train is labeled to be delayed in the process however, when the time arrives for 
the delay to occur, the train has it speed reduced to zero for as long as the delays is 
determined to last. Once the delay has passed, the train returns to drive in the speed stated 
on the track, once again disregarding the acceleration aspects. When the train has 
returned to its normal state, the simulator is reporting the delay, how long it lasted, the id 
of the train that caused the delay and the track that the train was located at when the train 
experienced the delay. This delay is reported in disregard to any prediction model or train 
dispatcher, this is the actual delay, the base delay, and is later used for calculating the 
quality that the different prediction models produce. The next step for the train, once 
delayed, is to report the delay to the Train Dispatcher. Varying on the prediction model 
the different predictions are made and as explained earlier, the train dispatcher schedules 
that are to represent the setups with a positioning device are immediately contacted and 
the delay is reported. Once again the train is reporting the duration of the delay, train id 
and on what track the incident occurred. For the remaining two setups, the delay is not 
reported to the train dispatcher until the train reaches the current end node, but when this 
happens the exact same procedure is taken as when a positioning device is being used.  
 When the train dispatcher received the information that a train has been delayed, it 
starts to go through the local schedule to see if any other trains are being affected by the 
delay. All trains, the train the experienced the actual delay and other trains that may be 
affected in the chain of timetable dependencies, will have their time tables updated 
accordingly to reflect the impact of the delay. This will result in deviating start and 
arrival times from the original timetable. Important to point out is that the delay is not 
reported to the train dispatchers as the delays is ongoing, this would result in new ETAs 
being produced every second, but the delay is reported once the delay is cleared. This 
implementation is deliberately chosen in order to avoid the scenario where a passenger 
would be standing on the platform just to see how the ETA is changing every second, 
which could be seen as rather confusing. When a train dispatcher detects a differentiation 
in the local schedule, and once it has calculated all the new predictions, these predictions 
are saved in a database. Every setup’s predictions are stored separate; the setup with 
positioning device and one train dispatcher is saved in one database table whilst the setup 
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without positioning device and eight train dispatchers are saved in another, and so forth. 
This data is later used in order to analyze how the simulation went. As the simulator also 
stores the real delay when it occurred, and as the train dispatchers are saving the new 
predicted ETA depending on setup, this can later be used to analyze the quality of the 
predictions. 
 Every scenario is run multiple times, as the delays are introduced randomly at the 
start of every execution of the simulator. This is done in order to get significance in the 
data that is to be analyzed further on. Due to empirical studies meanwhile developing the 
simulator, a fair number of runs were decided to be 30. These means that every scenario, 
holding the same infrastructure, the same number of trains, the same time tables were run 
30 times, and delays where introduced at random in 30 different ways on 10% randomly 
chosen trains. With 30 different outcomes of each scenario, the quality is calculated, 
based on prediction values out of all the 30 runs stored in the database. The number of 
runs every scenario is executed is also determined by a variable located stored in the 
database, which is read at startup of the simulator.  
 
5.5 Scenarios 
 
This is when it starts to be interesting. As stated in the introduction of the thesis, it is 
quite obvious that some setup are better than other, but it is harder to say how much 
better they are, and in the case with positioning device versus one central train dispatcher, 
it was not even possible to say which one was the better one. In order to analyze this, the 
scenarios that have been used need to be explained more in detail. According to 
references [4], the Swedish railroad network and the train dispatcher within are dealing 
with roughly 3400 trains per day. As it would be a very tedious assignment to run every 
scenario in real time, covering a days worth of infrastructure, trains, and delays, the 
scenarios are down sampled in order to be more manageable. This has several 
advantages. First of all, the number of variables that are affecting the network have been 
reduced, as there are a numerous minor variables affecting the railroad network, which 
carry effects that are not in the scope of the thesis. On the other hand, the variables taken 
into account will have more of an impact as they are concentrated to a much smaller 
timeframe. Another benefit with down sampling the time span of the simulation is the 
amount of data that is produced. In the scenarios simulated and analyzed, and the way it 
is done, has shown to be very CPU intense, as will be explained later on. Another 
important factor is the time it takes for the simulator to execute a simulation. Even though 
time can pass faster in the simulator than in real life, it would still take considerable time 
to run a scenario. Multiply this with the number of times each scenario is executed, and 
further multiply this number with the number of scenarios that are being simulated and 
the result is a very good reason why down sampling is necessary. The time span which 
the simulator covers and the time span the scenarios are generated to cover are in the 
length of 20 minutes. As the time frame is quite short, so is the tracks generated, not 
spanning more than 2000 meters in order to get rotation in the infrastructure, which 
presumably could cover a busy railroad hub somewhere in Sweden, very hypothetically 
though. However, this can easily be changed by typing in different values in the scenario 
generator, which also has been tested, but are not covered in this thesis. On a side note 
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can be said that the outcome of longer scenarios has been tested, giving results close to 
scenarios covering 20 minutes.  
 According the same reference above[4], 3400 trains a day is equivalent to 50 trains 
per 20 minutes if distributed evenly, meaning that the same amount of trains will be 
passing through the network day as night. This is based on the following calculation, 
3400 train / 24 hours = 141 trains/hours. 141 trains per hours is equivalent to 141 / 3 = 50 
trains roughly per 20 minutes. The next very important factor that is affecting the 
scenarios is the number of tracks that the 50 trains have at their disposal. This can also be 
translated into the load of the network. A railroad network with 1000 tracks, and 50 trains 
during 20 minutes, are quite unlikely to have any integrate dependencies, as they 
theoretically could be running on 20 different tracks which are never even used by the 
other trains, and creating no dependencies what so ever. Delays introduced in this 
network, are quite unlikely to affect any other train but the one where the delay occurred, 
and the following time tables on the trains route. This is referred to as a scenario with a 
low load. On the other hand, a railroad network with very few tracks, where every track 
is occupied at every second by different trains, during the span of a scenario, would be 
referred to as a scenario with high load. If a high load scenario is to experience a delay, 
the trains would very likely have several dependencies amongst each other, and a delay 
would have much higher impact in terms of trains that will deviate from the timetable, 
than a delay that is introduced in a network with a lower load. The general rule chosen in 
the generated scenarios has been to keep a fairly high load of the network, to be able to 
analyze the difference in the different setups. The load is not as extreme as in a network 
loaded to a maximum, but quite still high, where it has been imagined that all trains 
should be able to be in a running state at all times, at least theoretically. This means that 
if the scenario carries 50 trains, then the scenario would have 50 tracks. This has been the 
starting point of the scenarios chosen and executed, the 50 train/50 track scenario has 
been tweaked in different variations, and where more trains has been added together with 
more tracks to create scenarios like, 60 trains/60 tracks, and 70 trains/70 tracks. 
Furthermore scenarios have been generated where the load of the network has been lower 
with 50 trains/60 tracks and so on. 
 
5.6 Algorithm 
 
  With the scenarios and simulator in place, which is able to simulate the outcome of 
each and every scenario, the data from each execution is stored in the database as 
explained previously. In order to analyze the generated data, a script was made in PHP, 
which can be found in Appendix A, which contains a link to where the actual scenarios 
can be found from the latest runs. This script also contains the representation of every 
scenario, all the trains, the tracks, how long the tracks where, how they were connected 
and how the different time tables looked for every train in the specific scenarios. 
Furthermore, the numerous delays, when introduced, duration, and where they occurred 
can also be found here, as well as the newly predicted ETAs made by the different setups. 
All the data is presented for every execution of the simulator, so it is easy to get an 
overview of what happened and how the outcome was predicted in every instance of 
every scenario. The script, while being executed, is also responsible for calculating the 
quality of the setups for every run. This is done in the way explained in chapter 2. A very 
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interesting side note can be found in the setup with the positioning device and one central 
train dispatcher. This setup is able to predict the exact new ETA as soon as the delay is 
known, in correspondence to the assumptions made in the simulation. In other words, this 
setup is able to acquire the highest possible quality that an estimate can have, as the value 
produced by this setup is exactly the same as the “base delay value” referred to in chapter 
2.  
 In order to be able to compare the different setups against each other, the scripts start 
by looking at the first train and the first track that this train traveled. It compares the 
predefined ETA that it was given in the time table with the actual ATA which is stored 
when the train arrives at the end of the first track. If these values are equal, everything is 
considered fine. However if they are not equal, then a delay must have occurred. The 
script, in the case of a delay looks in the database to find the timestamp when the delay 
occurred and subtracts the timestamp with the ATA and multiplies the value with the 
extent of the delay. 

 
This is the basic foundation when calculating the value of the delay. If the train has more 
tracks to cover after the track in which it became delayed the calculation looks like the 
figure below, and so it continues as long as there are more tracks in this trains time table. 
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Fig 13. Shows how the value box of the delay is calculated. 
 ( (ATA1 – Timestamp) * DelayA ) +( (ATA2 – Timestamp) * DelayB ) = Delay Value 
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Fig 12. Shows how the value box of the delay is calculated.  (ATA – Timestamp) * Delay = Delay Value 

Delay occurred, timestamp from database 
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In the calculation above, the script is retrieving a value, a value that is called the Delay 
Value which represents the delay value that the train suffered and shown in the doted 
boxes. In this manner, each train is assigned a delay value as all tracks are calculated 
through, each slot on every traveled track. Now, in order to be able to compare the 
different setups against each other, the scripts start by looking at the different setups. The 
exact same process as the one illustrated in the figures above is made again for each and 
every setup, but instead of using the timestamp at which the delay occurred, the 
timestamp at which the setup reported a delay is used.  

 
 
1 TD, Positioning device - Dotted box + Stripped Box + Slash Stripped Box 
Was able to detect the delay immediately, therefore gaining the dotted box, as it could 
calculate ETA3 in the same second as the delay occurred. It also gains the stripped and 
slashed stripped box, as the transparency between the different areas is at max, and can 
therefore calculate ETA4 in the same moment, even though the track T2 – T3 is located at 
a different train dispatcher. 
 
1 TD, No Positioning device - Slash Stripped Box 
The setup only gained the stripped slashed box in the scenario above, as once the train 
arrived to T2 it could quickly calculate ETA4 with the transparency given to this setup. 
This impact would be even greater if the train illustrated above had to travel more tracks, 
and under multiple different areas. 
 
8 TD, Positioning device – Dotted Box + Slash Stripped Box 
Similar to the first setup, this setup quickly could calculate ETA3, however since T2-T3 
is located under a different train dispatcher, it was not until the train reached T2 that 
ETA4 could be calculated, thereby losing out on the Stripped Box. 

Arrival time 

T3 
 

T1 
 

T2 
 

ETA2 
 

ETA1 
 
 

ATA1, ETA3 
 

Track B, TD Y Track A, TD X 

Fig 14. The arrows show where the timestamps the different setups would be using instead of when the 
delay actually occurred. 

1 TD, No positioning device 8 TD, positioning device 

8 TD, No positioning device 

ATA2, ETA4 

1 TD, positioning device 

Delay occurred 

Time 
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8 TD, No Positioning device -- Slash Stripped Box 
The worst setup of them all could not calculate ETA3 properly until the train reached the 
track ends, thereby losing out on all boxes, due to the fact that it did not have a 
positioning device and had to wait until T2 to calculate the correct arrival time for T1-T2, 
ETA3. Since it is able to detect that the train is delayed once it enters Track B, and is able 
to retrieve the deviation from when the train enters the track and compare this to when 
the train should have started its journey, thereby gaining the Slash Stripped Box. In a 
more complex scenario, this scenario would perform worse, and maybe not gaining any 
boxes at all. 
 
The observant reader can at this point figure out that the setup with 1 TD and a 
positioning device gained a Delay Value which equals the original Delay Value that the 
real delay received. It has to be stated that the figure above is a very basic illustration of 
the calculation that takes places, normally a train has way more than two tracks in its 
timetable and in junction with fifty or more different trains together with eight train 
dispatcher areas, the calculation easily becomes a bit complex to illustrate but the concept 
stays the same.  

The next turn of event is to compare the different Delay Values that the different 
setups produce. The real Delay Value is at this point discarded, as it once again has to be 
stated that the thesis does not focus on minimizing delays, but instead comparing the 
different hypotheses to each other. The Delay Values are compared to each other, divided 
with the highest delay value acts as a denominator and the other values as numerators. In 
all cases the setup with 1 TD and Positioning device has turned out be the denominator 
which also has been quite expected. This is also shown in the figure above as it gained 
the biggest area. The division will generate a number, which can be seen as a percentage 
on how close a specific setup on a specific execution of the simulator was to the 
denominator. 
 The described procedure involving all trains and tracks is repeated on all 30 
executions of a given scenarios, and values of how the different setup were fairing 
against each other in the scenario are calculated. However, as the delays are introduced 
randomly, sometime a delay might have extreme effect if it for example is introduced at a 
very early stage, and lasts for a significant amount of time on a track which numerous 
trains are going to be cross at some point or another, resulting in numerous trains being 
severely delayed. In order to overcome extreme cases like this, and also to get 
significance in the data produces, the multiple scenarios come in effect, normalizing the 
extreme cases. The values from the different executions on a specific scenario are saved 
into an array, from which the median value is extracted for each setup. By using the 
median value, any extremities will be removed, and a better value of the quality can be 
retrieved, in opposite to if the average value would be used, where an extremity could tilt 
the outcome. 
  By using the combination of a scenario generator, a simulator tied together with the 
script that calculates the quality, there is now a way to compare the different setups 
against each other and to set out and investigate the initial hypotheses. This combination 
was to investigate which one of the setups were the better one, and also being able to 
determine by how much. By using the values acquired from the system, it is now possible 
to draw potential conclusions and to see if there is some kind of  consistency in the 
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results, or if there have been to many assumptions made, or if the variables taken into 
account are too random to use, for any kind of conclusion to be made. 
 
6. Findings 
 
The source code for the script and the base of the findings can be found, in Appendix A. 
The script is calculating the value in real time and may therefore be quite slow from time 
to time depending on the amount of data produced from the simulator. The size of the 
network, the number of trains, the number of runs every scenario is set out to be 
executed, the number of scenarios are all factors that contributes to the speed of the 
script. Even the share amount of data produced by a single execution of the simulator is 
too vast to be put into a possible Appendix of the thesis. For more information about the 
details of each execution and every scenario, it is recommended to visit to link mentioned 
in Appendix A. Although, not all data can be displayed in the report, the outcome of each 
scenario can be presented. In order to draw conclusions, there has been, as mentioned 
earlier, a number of scenarios generated and executions of simulations. By running the 
scenarios multiple times and by tweaking the scenarios and the infrastructure, the 
outcome holds significant value. In the following tables, the results of the simulations are 
shown. 
 
Table 1 - First set of scenarios 
Scenario Trains Tracks Schedules 1 TD, Pos 1 TD, No Pos 8 TD, Pos 8 TD, No Pos 

1 42 50 111 1 0.61 0.89 0.48 
2 85 100 230 1 0.75 0.95 0.65 
3 109 150 314 1 0.64 0.93 0.57 
 
Table 2 – Second set of scenarios 
Scenario Trains Tracks Schedules 1 TD, Pos 1 TD, No Pos 8 TD, Pos 8 TD, No Pos 

4 45 50 137 1 0.74 0.84 0.54 
5 78 100 232 1 0.68 0.87 0.55 
6 75 150 261 1 0.70 0.78 0.42 
 
Table 3 – Third set of scenarios 
Scenario Trains Tracks Schedules 1 TD, Pos 1 TD, No Pos 8 TD, Pos 8 TD, No Pos 

7 40 50 110 1 0.58 0.85 0.39 
8 80 100 232 1 0.66 0.95 0.60 
9 113 150 315 1 0.72 0.96 0.67 
 
Table 4 – Same as third set, but the delays are predetermined to be 60 seconds 
Scenario Trains Tracks Schedules 1 TD, Pos 1 TD, No Pos 8 TD, Pos 8 TD, No Pos 

10 40 50 110 1 0.65 0.69 0.31 
11 80 100 232 1 0.58 0.93 0.52 
12 113 150 315 1 0.69 0.86 0.53 
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In the 12 scenarios run above, every scenario has been run 30 times in order to gain 
significance for the specific scenario, which has been generated by the previously 
described scenario generator. The first three sets of scenarios, 1-9, have been generated 
with the exact same preferences. In scenario 1, 4 and 7, the setting has been 50 trains and 
50 tracks. In scenario 2, 5 and 8, the setting has been 100 trains and 100 tracks, and in 
scenario 3, 6 and 9 the setting has been 150 trains and 150 tracks. The first noticeable 
detail is that none of the mentioned scenarios carry the maximum number of trains. The 
reason for this is explained in chapter 5.1, and it is due to the fact that the generator 
cannot find any available tracks for additional trains, and therefore have to skip the 
generation of some trains. What can be seen however is the ratio between the number of 
trains and the number of time tables scenario held in the scenario. For example, Scenario 
1 contains 111 instances of timetables, which roughly translates to 3 planned time tables 
for every train, a trend which follows through in the rest of the scenarios. The results that 
theses scenarios bring are both good and bad. There is no obvious relation between the 
scenarios when compared to each other, even though the scenario generator has been 
given the same preset of variables to generate an infrastructure from. There is neither any 
obvious relation nor consistency depending on the number of trains and the number of 
tracks. Regardless if there are many or few tracks, or many or few trains, the result looks 
quite random within certain limits. This is especially true for Scenario 6 where each train 
has quite a few tracks to roam in, 50 more than in Scenario 5, but where the result is not 
relational in any way to Scenario 5. The conclusions that can be drawn from these finding 
are that the infrastructure plays a major role in deciding on the exact difference of the 
different setups. However, to further strengthen this finding, Scenario 10-12 is executed 
on the exact same infrastructure as Scenario 7-9, the only difference being the length of 
the delays, which in previous cases has been a random value. In Scenario 10-12 the delay 
introduced on a train once it is labeled for a delay is set to 60 seconds in all cases, on all 
90 runs. The outcome of these scenarios, which are quite different from the previous 
Scenario 7-9 shows that it, is not only the difference in the infrastructure, but also the 
length of the delays experienced in the scenario and on the trains. These leaves us with 
the finding that there are many variables influencing the performance of the setups. In 
some cases they perform better depending on a set of variables, and in other cases they 
perform less good if the scenario is unfavorable to the setup.  
 On the other hand, what is noticeable in the scenarios is the answer to one of the 
initial hypotheses. How do the different setups rank in order to each other? In no single 
scenario, this is disputed, rather quite the opposite. In all scenarios ranking goes like this; 
 

• 1 Train Dispatcher, Positioning Device 
• 8 Train Dispatchers, Positioning Device 
• 1 Train Dispatcher, No Positioning Device 
• 8 Train Dispatcher, No Positioning Device 

 
This ranking in between the setups is consistent amongst all scenarios and is a major 
finding that the simulation produces. Another finding that can be found, but can be 
disputed to a higher degree, is the performance in term of percentages of the setups in 
relation to the best setup. 
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Table 5 – Findings for the different hypothesis, when all scenarios have been summarized.  

1 TD, Positioning Device Med. 1 Min. 1 Max. 1 
8 TD, Positioning Device Med. 0.88 Min. 0.69 Max. 0.96 
1 TD, No Positioning Device Med. 0.685 Min. 0.58 Max. 0.74 
8 TD, No Positioning Device Med. 0.535 Min. 0.31 Max. 0.67 

 
If the setup with one train dispatcher and a positioning device is to be equivalent with 
100%, i.e. the best quality of ETA that a setup can produce, in respect to the assumptions 
given previously, then the second best setup, with eight train dispatcher and equipped 
with a positioning device, is 12% less good as the best setup (1 - 0.88), and so forth as 
can be read from the table above. This is however not easy to state, as the basis for the 
finding is only 12 scenarios, which cannot be considered a significant number if a 
statement in regards to the numerical performance was to be made. Another reason why 
these numbers are easily disputed is the fact even if the scenario generator was to 
generate a sufficient amount of scenarios in order to gain significance, the share amount 
of different scenario variables would make the result set to vast to cover. I.e. even if the 
scenario generator was to generate and execute 100 scenarios, with, for example, 50 
trains/50 tracks, there would still be too many variables that vary. The length of the 
delays, the load of the railroad network, the span in time of the simulation and so on. This 
will cause the different scenarios that have to be run to be an immense number, covering 
all variables that affect a railroad network.  
 
7 Conclusions 
 
 The hypotheses in the start of this Master Thesis were numerous. Focus was 
maintained in how the quality of the ETA would differentiate when the environment of 
the predictions looked different. The outcome of a possible introduction of a positioning 
device on the trains in the Swedish railroad network was to be investigated to see if any 
conclusions could be drawn. Another of the hypotheses to be investigated was the 
outcome of the reduction in the number of train dispatchers operating in the railroad 
network. A third final question was to investigate the impact of the two first ones. How 
much was the impact of the hypotheses when they where introduced. Not only one by one 
but also combined together. And how do the different combinations rank in regards to 
each other? 
 Through the use of a software simulator and a range of scenarios, it was possible 
to study these questions and provide answers to the initial questions. It has been possible 
to prove that there will be quite some impact and difference on the quality depending on 
what measures are taken in order to predict the ETA. Both by introducing a positioning 
device and by reducing the number of train dispatchers has shown to significantly 
improve the quality of the ETA to the better. The approach has also been able to prove 
that the beneficial impact of a positioning device is larger than by reducing the number of 
train dispatcher. The different combinations have proven to be ranked in order of 
beneficial impact. 
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1. 1 Train Dispatcher, Positioning Device 
2. 8 Train Dispatchers, Positioning Device 
3. 1 Train Dispatcher, No Positioning Device 
4. 8 Train Dispatcher, No Positioning Device 

 
However, to put an exact number of how much better they are in comparison to each 
other has proven to be more difficult, as there are so many variables inflicting the 
scenarios and results produces by the simulator. In regards to the very small array of 
scenarios and studies made, it would still be fair to draw an initial presumption that each 
additional hypothesis added to the current infrastructure and organization of today, would 
increase the quality of the ETA by 10%. A conservative number extracted from the 
studies made. This also has to be put in reflection with the assumptions made within the 
thesis, which would increase the complexity of the results. The monetary aspect has been  
neglected all together, how much it would cost to re-organize the train dispatchers and 
how much it would cost to equip all trains with a positioning device. However, in many 
ways, this Master Thesis can be seen as a pre-study of how to increase the quality of the 
ETA. Not only of the results and conclusions drawn, but also by the software developed, 
with a lot of room given for further extended logic, if more variables where to be 
introduced.  
 
7.1 Future work 
 
 It would be interesting to do a thorough investigation of the Swedish railroad, and to 
actually simulate the entire Swedish railroad, the infrastructure, the trains, the timetables 
and to introduce these parameters into the simulator. Not only to further test the outcomes 
and hypotheses, but also to see how close to reality the simulator simulates. It would also 
be of great interest to add more variables to the simulator. As the simulator is developed, 
the train dispatchers are quite static and do not making any extravagant decisions. In real 
life, the train dispatchers would have to handle different priorities, possible reroutes and 
the likings. The simulator has been developed in such a way that this can be added on at a 
later stage; hence giving the results it produces more credibility. Another interesting 
potential area where future worked could be done would be on the scenarios. By 
characterizing the scenarios in different ways, further conclusion could be drawn to tell 
which one of the uncertain values matters carries the most significance. For example, by 
creating a scenario which only suffers delays in the beginning of the execution, one could 
analyze the significance of when the delay occurs. Another scenario could be to generate 
extreme scenarios were all trains would be traveling through all the available train 
dispatcher areas, thereby increasing the importance between one train dispatcher versus 
eight train dispatchers. This, and many more scenarios build in similar ways, could make 
the finding and conclusions even more exact. 
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Appendix A 
 

The source code to the simulator can be found at 
 

• http://www.tiempo.se/master/MasterThesis.rar 
 
It is developed in C# under Visual Studio.Net 2003 and a compatible IDE would have to 
be used in order to launch the program as it is 
 
The source code to the scenario generator can be found at 

 
• http://www.tiempo.se/master/genscen.rar 
• http://www.tiempo.se/master/genscen.php for live version 
 

 
The source code to the quality calculator/presentational script can be found at 

 
• http://www.tiempo.se/master/main.rar 
• http://www.tiempo.se/master/main.php for live version 

 
They will both need a database wrapper for MySQL which can be found at 
 

• http://www.tiempo.se/master/dbhandler.rar 
 
To get an overview of the database, and the possibility to recreate the scenarios, an 
example can be found at 
 

• http://www.tiempo.se/master/master.sql 
 
 
All the scripts are developed in PHP and should be compatible with PHP 5 or possibly 
PHP4. The presentational script also uses JPGraph, in order to generate graphs, 
facilitating an overview of the scenarios. 
 
 
 
 
In order to not exaggerate the length of the actual report, the source code is kept in digital 
format only. As an example can be said that just the presentational script is over 10 pages 
long if it was to be published in this Appendix. 
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APPENDIX B 
Class Diagram of the Simulator 

GUI             

void Start(void)            
void LoadDefaultUI(void)           
void ResetSim (void)            
             

              

    InfraStructure       

Simulation      string GetStartStation(int trackID)     

void Frame(void)     string GetEndStation(int trackID)     
void UpdateGUI(Form form1)    int GetMaxSpeed (int trackID)     
      int GetTrackLength (int trackID)     
      int GetTrackOwner(int trackID)     

                 

           

TrainCarHandler (singleton)  TrainDispHandler (singleton)  
TrainOwnerHandler 
(singleton) 

int DB_GetNumberTrain(void)  int DB_GetNumberTrain(void)  trainOwnerArray   
TrainCar GetTrainCar(int ID)  TrainCar GetTrainCar(int ID)       
void ResetClass(void)     void ResetClass(void)         

trainCarArray      trainDispArray, Sched1No, Sched1GPS          

           

TrainCar (X instances)      TrainDispatcher (8 instances)    TrainOwner   

void UpdateOneFrame(int time)  void AssignTracks(void)    void AssignTimeTables(void) 
void CheckEndNode(int time)  Array RebookScheduleInternally()  trainListArray   
void StartNode(int time)     TimeTable BookSchedule(TimeTable t)       
void EndNode(int time)     bool CheckTrackVacancy (TimeTable)       
void CalculateDelay (int time)  TimeTable GetNextPossibleTT (Timetable)       
      bool CheckTrackClear(int trackID)       

        trainDispArray, Sched8No, Sched8GPS            

           

           

DATABASE                    
Schedules: ID, TrainID, TrackID, Start, Stop, ATA        
Trains: ID, Owner, Name            
Tracks: ID, Length, TrackArea, MaxSpeed, StartStation, EndStation      
Report1GPS: TrainID, TrackID, Stamp, OldTime, NewTime       
Report8GPS: TrainID, TrackID, Stamp, OldTime, NewTime       
Report1NoGPS: TrainID, TrackID, Stamp, OldTime, NewTime       
Report8NoGPS: TrainID, TrackID, Stamp, OldTime, NewTime       

ReportReal: TrainID, TrackID, Stamp, Delay            
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APPENDIX C -Flow Chart of Simulator 
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