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Abstract 
In 1996, on initiative of the Swedish National Rail Administration, a re-
search study was initiated by the department of Human Computer Interaction 
at Uppsala University with the aim to learn more about the problems and 
difficulties involved in train traffic control. As a result of this study, and the 
developing situation with higher speeds, more frequent traffic, and many 
competing train traffic operators, a research project was initiated. The pur-
pose was to find new strategies and technical solutions for future train traffic 
control.  
 
Modern research on human-computer interaction in complex and dynamic 
systems provided a framework for how to design an interface meeting these 
demands. Important aspects concern e.g. workload, situation awareness and 
automated cognitive processes, limitations in human memory capacity, cog-
nitive work environment problems, human error performance and dynamic 
decision processes. Throughout the research a user centered approach has 
been applied. The new proposed interface is designed to integrate all deci-
sion relevant information into one unified interface and to support a continu-
ous awareness of the dynamic development of the traffic process. A proto-
type of new train traffic control interface has been implemented in close 
collaboration with active train dispatchers. Early and promising in-house 
tests have been made using the prototype described in this paper. More ex-
tensive case studies and experiments need to be conducted before a complete 
evaluation can be made.  
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1 Introduction 

Controlling train traffic is a very complex, dynamic and mentally demanding 
work. Therefore it is crucial that the systems used by the operators, namely 
the train dispatchers, respond well to the tasks they perform. We have con-
ducted an extensive survey at control centers around Sweden and found that 
there is a need for a new system that better supports and aid the train dis-
patchers in their job. The proposition for a new system is not simply based 
on a technical solution, but rather a new way of controlling train traffic, a 
new control strategy (Kauppi, Wikström, Sandblad & Andersson, 2006).  
 
This paper will describe and discuss the development of a prototype support-
ing our new train traffic control strategy. The goals and main focus in our 
research are: 
 

• Gather knowledge for future development of train traffic control 
systems 

• Describe and analyze the train dispatchers work 
• Develop new strategies for future train traffic control 
• Create prototypes for tomorrows control systems 
• Build a simulation environment and conduct tests and experiments  
• Collaborate with other researchers within this field 

 
We will also try to clarify the design of our graphical user interface by de-
scribing theories and principles that we base our solution on. 

1.1 Train traffic control today 
At the traffic control centers information about the traffic process status is 
presented in track diagrams on large distant panels and on several regular 
computer screens. Train dispatchers need to interact with many different 
systems when trying to get an overall picture of the current traffic situation. 
This is one of many reasons why it usually takes a very long time for train 
dispatchers to be good at their job. The absence of tools that correctly sup-
ports them makes the job frustrating at times when complex traffic problems 
need to be solved. Often the train dispatcher has to settle for a working rather 
than an optimal solution in order to get the trains moving.  
 
Today train dispatchers tend to focus more on controlling the underlying 
technical structure than on the actual traffic flow. This means that they issue 
commands to the system that sets signals, switches etc. A simplified outline 
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on how this is done can be seen in figure 1. We will not go into details about 
the model, but rather identify some of the problems with this strategy.   
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Figure 1. A model of today’s control strategy 

Some information needed to correctly understand the current traffic situation 
is many times not available to the train dispatchers. Instead they have to 
create their own understanding, based on the mental models1 they have 
formed of the train traffic process. This is a cognitive demanding task that 
reduces the ability to concentrate on the actual task. As mentioned train dis-
patchers control the system by giving commands that directly affect the 
technology. Because of low resolution, or even absence of, information it is 
necessary to have deep knowledge about all technical details involved in the 
process to use the resources available in an effective manner. Since the tech-
nology only allows control measures at certain moments in time one has to 
know about this and adapt the work so that control commands are issued at 
the right time. One consequence of this is that it makes planning the train 
traffic in advance more difficult. Automates also tend to confuse, especially 
during disturbances, forcing the train dispatchers to shut them off to be in 
full control. This is somewhat ambiguous since when there are problems and 
disturbances the need for automated support would be the greatest. Many 

                               
1 Using mental models people can better understand the world and simulate aspects of it. 
Mental models refer to mostly imagined and dynamic models that we use in everyday life to 
think about the world. They are usually very predictive and suggest different ways in which 
physical mechanisms operate.  
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more problems than the above listed have been identified and accounted for 
and will be illustrated as the new graphical user interface is described. 

1.2 The need for a new control strategy 
We believe that to successfully control a dynamic system all following four 
conditions must be fulfilled (Andersson, Sandblad, Hellström, Frej & 
Gideon, 1997): 
 

• The operator must have a clear goal. 
• The operator must have an accurate mental model of how the entire 

system works. 
• All system states need to be controllable so that the objectives can 

be reached.  
• The system should provide good observability as to the systems 

past, current and predicted future status.  
•  

 
Figure 2. Successfully controlling a dynamic process involves having a clear goal, 
understanding the underlying model and being able to observe and control the proc-
ess. 

We suggest that the goal should not be to issue commands that control the 
infrastructure, but rather to plan and control for the train traffic operating on 
it. The key to the proposed control strategy is re-planning. Due to the nature 
of traffic, the original traffic plan (timetables and track usage) easily be-
comes obsolete. To solve this, the train dispatcher should be provided with 
tools that allows for continuous re-planning of the current traffic plan. The 
aim with continuous re-planning is to turn a plan with conflicts or inefficient 
traffic into a better, more optimized, plan for the train traffic. From this plan 
the order of which trains are allowed to use the shared track resources can be 
derived. Provided that the system has access to a valid functional traffic 
plan, it is possible to implement an automatic function that executes the plan. 
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The main control task will then be to perform continuous real-time re-
planning resulting in a valid traffic plan that can be executed. Unfortunately 
there are situations where mere planning will not be sufficient. In case of 
signaling or mechanical failures in the infrastructure manual control will still 
be required. Manual control can then be applied completely or partially over 
a control area. To be able to perform partial manual control and re-planning 
tasks at the same time it is necessary that the user interface at all times 
clearly indicate the status of the automatic execution function.  
 
Other goals with this proposal are to predict the future traffic situation. By 
presenting clear, detailed and accurate information we provide help in the 
understanding of what the future situation might look like. That way we 
reduce the risk of surprises affecting the plan. Since the future traffic situa-
tion will be more complex than today it is also important to provide tools 
that help the train dispatcher in making decisions. These tools should, at 
least in the beginning, be easy and straightforward providing a solid base for 
planning and control.   
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Figure 3. A model of the new control strategy. A real-time database holds the cur-
rent status of the entire traffic process as well as the current plan. 
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2 Related work 

Human-computer interaction aspects in train control centres in Sweden have 
not been thoroughly studied, but the situation for a train traffic controller can 
be compared, with some exceptions, to the situation for any real-time dy-
namic process controller. Luleå University of technology (LuTH) and Hög-
skolan Dalarna (DU) have performed adjacent studies in this area. LuTH has 
studied the working environment and DU has performed research in com-
puter aided train dispatching and decision support. The Royal Institute of 
Technology (KTH) in Stockholm does research in different train related 
fields such as driving strategies for freight trains and infrastructure- and traf-
fic planning. Linköping University (LIU) does research on train traffic 
safety. 
  
In Europe, a great number of different systems are used for traffic manage-
ment and automatic train control. For trains to cross several countries, the 
locomotive and the driver must be changed at borders, or the trains have to 
be equipped with systems from several countries. A common European sys-
tem for train control, ETCS (European Train Control System) is now being 
introduced.  
 
From studies within other fields where operators monitor and control com-
plex and dynamic processes much can be learned and applied, with some 
exceptions, to train traffic control. In many cases the control systems are 
designed so that the operator intervenes in state of crisis. This approach 
means that the main tasks for the operators are task management and excep-
tion handling. Thus, it is reflected by how the interfaces of the control sys-
tems are designed, giving an overview of the situation with levels, alarms 
and status of the process. It is when the alarm is activated as the operator 
acts on it and performs measures to prevent the error to spread in the system. 
This way of controlling a process is called the “management-by-exception” 
approach, (Zwaga & Hoonhout, 1993; Swaanenburg, Zwaga & Duijnhou-
wer, 1988).  
 
Field studies (Swaanenburg, Zwaga, & Duijnhouwer, 1988; Kortland & 
Kragt, 1980) in petrochemical factories show that operators mean that it is 
difficult to overview the entire process in detail. The results indicate that the 
operators usually do not perform their work in a way that agrees with the 
“management–by-exception” theory. Instead control is achieved by continu-
ously being aware of the current status of the process, a ”management-by-
awareness” approach. Process operators prefer to thoroughly monitor the 
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process to be updated and prepared when an unexpected event occur. This is 
a very important result that agrees with our own experiences.  

3 Research approach and method 

The prototypes and ideas developed in this research project are based on 
thorough observations, interviews and an analysis of train traffic control in 
Sweden today. We have together with train dispatchers and other people 
within the Swedish National Railway Administration (Banverket) outlined 
visions and guidelines for future traffic control. Based on these visions and 
guidelines we work iterative with formulating hypotheses, creating proto-
types, conducting tests with new control strategies, graphical user interfaces 
and decision support tools.  
 
It is important that the user interface is designed by a professional designer 
instead of the system developer. The system developer usually does not have 
the design experience, knowledge or time to interpret current rules and rec-
ommendations. It is necessary for both the designer and the system devel-
oper to co-operate in order to produce the whole system. The project should 
work with a development model that secures quality in both analysis and 
design. Important aspects of this are a high level of user participation (par-
ticipatory design) added with an iterative work where prototypes gradually 
are formulated, evaluated and refined.   
 
Contextual inquiry 
To learn and understand what it means to control train traffic we believe that 
you must see the train dispatchers carry out their work at site in the control 
centre. Combining at site studies with informal interviews is referred to as a 
contextual inquiry where the main goal is to understand usability issues. This 
is achieved by focusing on the context which includes work-, social-, moti-
vational-, organizational- and physical context of computer use.  
 
A contextual inquiry is based on the following three principles (Raven & 
Flanders, 1996): 
 

• Data gathering must take place in the context of the users' work. 
• The data gatherer and the user form a partnership to explore issues 

together. 
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• The inquiry is based on a focus; that is, it is based on a clearly de-
fined set of concerns, rather than on a list of specific questions (as 
in a survey). 

 
We have performed a large number of contextual inquiries at different train 
traffic control centers in Sweden. The results from these inquiries form a 
knowledge base for our work with developing a new traffic control system.  
 
Vision seminars 
We believe that it is not only important to look at the present situation but 
also to predict and imagine the future. A series of seminars were held with 
researchers, train dispatchers and key persons from the National Swedish 
Rail Administration where topics such as future traffic situations, technical 
solutions, infrastructure, new systems etc. was discussed. Also much time 
were spent on discussing functionality and preferences in a future system if 
there were no restrictions, i.e. they did not need to limit themselves to the 
technology or situation of today.  

 
Work group 
The most important source of knowledge is the people that control the train 
traffic. They know what they need in order to solve different types of distur-
bances or other difficult situations. However, results from the contextual 
inquires indicate that it is not always obvious to the train dispatchers them-
selves what information they actually use when i.e. solving a disturbance. To 
account for this fact a workgroup with members from our research team as 
well as active train dispatchers was put together. The aim was to have infor-
mal discussions about the train dispatcher’s work and at the same time try to 
understand the mental models they had of the train traffic process. The pro-
totypes would also be continuously developed, discussed and tested within 
the work group.  

 
Prototypes 
Developing prototypes is an inexpensive way of realizing design ideas. We 
use simple drawings, picture prototypes and a computer based prototype that 
can be used together with a simulator. This makes it possible for all parties 
to view and try the new graphical user interface as it is being developed. 

 
Even though picture prototypes do not provide interaction they give project 
members and future users a clear and common understanding of how the 
finished graphical user interface might look. Within the project the picture 
prototypes are developed using illustration software (CorelDraw, PhotoShop, 
etc.). Images are then printed in large poster formats with the same resolu-
tion as the finished system will have. Since the illustration software tools 
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provide layers it is easy to print only specific details that need to be dis-
cussed.  
 
Since dynamic features cannot be visualized using picture prototypes there 
was a need for a computer based prototype. This prototype now supports 
user interaction and also gives feedback about the traffic process. It can be 
run together with or without a high precision train traffic simulator. It was 
important that the prototype remained useful throughout the project since it 
is time-consuming to develop such an advanced prototype. Therefore it was 
implemented in an object oriented language so that different parts corre-
sponded well to the real world. Removing, adding or changing the view and 
the user interaction is relatively straightforward as the underlying structures 
stay the same. The implementation language used for the computer based 
prototype is Java and the libraries JFC/Swing.  
 
The train traffic simulator system is based on the kernel of the previously 
developed simulation system SIMON/TTS (Lidén, 1992), which has been 
used by the Swedish National Rail Administration for off-line simulations in 
the planning processes. The simulator has been modified now making it pos-
sible to connect external control and presentation systems. It can be loaded 
with different data so that any part of the Swedish railway net can be used 
for simulations.  

 
Iterative design 
The ideas and strategies for the future traffic control system are regularly 
discussed within the work group. Paper prototypes make it easier to discuss 
details since all group members have a common understanding. This also 
reduces the risk of misinterpretations among group members. The contents 
from the paper prototype are then implemented into the computer prototype 
so that it can be tested in the simulator environment. Implementing the solu-
tion in the computer prototype adds even more clarity as dynamic behavior 
is added. Working iteratively with prototypes that are gradually developed, 
evaluated and refined together with end users secures quality in both analysis 
and design.   

4 Design principals 

The new graphical user interface is based on some main guidelines on how 
to create robust and efficient user interfaces. To give a complete listing of 
these guidelines is not in the scope of this article but still it is important to 



PAPER II 
 

 11

illuminate some of the main criterias on how to avoid problems when inter-
acting with complex dynamic systems.  

4.1 Avoiding user interface problems 
Previous research on humans controlling dynamic processes combined with 
our own experience from similar research projects allows us to set up some 
guidelines on what is important when creating a new graphical user inter-
face. By following these guidelines many common problems can be avoided 
and the overall situation for the controller improved. Below follows a list of 
guidelines: 
 

• Interruptions in the chain of thought. One should be able to concen-
trate on the important control tasks without interruptions. Interrup-
tions often involve interpreting indistinct information or interacting 
with badly designed tools etc. 

• Problems with orientation and navigation. Managing the interface 
must be simple and obvious and the presentation clear and easy to 
understand. Concentration must be on the task at hand and control-
ling the interface must be easy, obvious and fast.  

• Cognitive tunneling. Difficulties in accounting for information that 
is not visible and need to be retrieved can be avoided by displaying 
all necessary information.  

• Load on the short term memory. Information not directly visible 
puts extra stress on the short term memory because that information 
has to be searched for elsewhere.   

• Focus on the task. Allow for the operator to be focused on the task 
at hand, without other demanding tasks competing for the opera-
tor’s attention. This is usually measured as cognitive load and oc-
curs i.e. when operators have to perform calculations, making 
judgments, etc. to understand the situation.   

• Spatial confusion. Information should be found at the expected lo-
cation and not moved around. When properly designed and pre-
sented, we humans can handle and interpret much information pre-
sented in parallel. 

• Problem with time and space coordination. This happens i.e. when 
using different scaling factors, not showing when data was re-
corded etc. All information that is scaled, in time or space, must be 
presented so that different scales can be easily correlated to each 
other. Cognitive load arises if users are forced to interpret different 
ways of presenting information. 

• Correctly identify process status. Processes are often in different 
modes or have different states. The presentation should clearly 
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show the current state of a process, otherwise operators will be con-
fused or have to look for information elsewhere.  

• Present details and whole at the same time. Otherwise users must 
switch between windows and focus on different layers of presenta-
tion. It is then hard to relate smaller parts and fragments to the 
whole.  

• Give all information a clear and well-considered form. This means 
that all information must have a physical form in the presentation. 
The choice of font, icons and symbols, colors, etc. must be care-
fully investigated and designed. This is a very extensive work and 
the solutions must be tested and evaluated continuously.   

• Correct use of colors. Colors are a very strong way of expression 
and should be used for well defined purposes.  

• Adjust user input to the situation. The choice of mouse- or key-
board control, and switching between them, must be well designed 
to minimize muscle load and support fast interaction. Also consider 
other tools for user input such as touch screens, joysticks, etc. 

• The balance between clear readability and simple, unambiguous in-
terpretation compared to creating space for all necessary informa-
tion that need to be shown must be given great attention. Each pixel 
should be considered a valuable resource and symbols created so 
that they occupy as little space as possible while still fulfilling their 
purpose.  

4.2 Context specific design principals 
Train dispatchers are highly skilled users and therefore the design must focus 
on giving them optimal support rather than being easy to learn. You are only 
a beginner a short period of time so it is more important that the graphical 
user interface contributes to high performance. 
  
Due to the complex process the amounts of information needed for making 
decisions is very large. Therefore they need to see as much of this informa-
tion as possible to be able to handle it effectively. They will need informa-
tion that gives them an overview of the current situation and at the same time 
information about details that affects their decisions. This makes it possible 
for the train dispatchers to “stay in the loop”; they are continuously updated 
about the current state of the traffic process so when a disturbance suddenly 
occurs they are prepared to deal with it. This will also support the train dis-
patcher’s development of mental models of the train traffic process. This is 
needed in order to allow the operators to sort their experiences in categories 
that can be retrieved whenever needed. Especially important is the under-
standing of the functionality of the automated parts of the control system. If 
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the dispatcher do not fully understand the actions of the automated system it 
is not possible to "co-operate" with it. The dispatcher must be able to plan 
and evaluate control activities in relation to what can be expected from the 
automated "partner". In other cases the result will be "automation surprises" 
and a tendency to take over the control from the automation.  
 
The graphical user interface must be ready for use under all circumstances. 
This means that no processes must be started; no files opened, no windows 
moved, or rescaled and so on. If the overall design is to be perceived as uni-
fied all the different parts of information must be integrated. This means that 
a lot of information will be presented at once, but much of this information 
the train dispatchers already use today. Humans have a remarkable capacity 
to overview and handle vast information spaces without problems but even a 
simple graphical user interface with very few items can cause problems 
when poorly designed.  

5 A new graphical user interface 

Our new strategy for controlling train traffic requires new user interfaces and 
decision support tools. An important conclusion from the contextual inquires 
is that the train dispatcher’s work varies depending on the current traffic 
situation and where the control centre is located. Therefore the way of work-
ing, the workplace and the user interfaces must be adapted to its unique envi-
ronment. The prototype described here are suited for a situation with several 
tracks and heavy mixed traffic.   
 

• Goals set for the new graphical user interface involves: 
• It should be possible for the train dispatcher to focus on control by 

re-planning in real-time. 
• Early detection of potential conflicts.  
• The systems automatic functions should give the train dispatcher 

good support even when major disturbances occur. 
• Show deviations from the “normal” situation. 
• The workplace, the way of work and the user interfaces should be 

an integrated whole, where all the train dispatchers work tasks can 
be carried out. 
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The prototype consists of two major parts: a dynamic graph with the timeta-
bles and a detailed diagram of the tracks.  

 
Figure 4. Layout of the different components in the prototype. 

The upper part constitutes a view where planning can be performed. It con-
tains information that continuously provides an overview of the traffic proc-
ess history, current state and assumed progress. The time-distance paper 
graph used today is an easy and in many ways efficient tool. The prototype 
implements the same familiar strategy of showing timetables using lines in a 
two-dimensional graph.  
 
Below the dynamic time-distance graph an updated view of the traffic proc-
ess and the railroad net is presented in a simplified track diagram. In this 
traffic diagram the train dispatcher can execute most of the tasks that they 
perform today. This is important since there is no guarantee that the auto-
matic execution function can work under all circumstances, i.e. when a sig-
nal breaks down or a train needs to pass a stop signal.  
These two views, the dynamic time-distance graph and the track diagram, 
are then complemented by smaller views. One example of such a view con-
tains detailed information about a train, its weight, cargo, driver etc. Another 
view shows detailed information about stations.    
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Figure 5. 1 Dynamic time-distance graph with the timetables as lines. 2 Track dis-
play showing double track and nine stations. 3 Detailed view of a selected station. 4 
Details about a specific train. 5 Incoming trains. 

Time is shown along the y-axis and distance along the x-axis. The thick 
black line at the bottom of the graph represents the current time and as time 
passes the graph will scroll down. The paper graph that train dispatchers use 
today is rotated 90 degrees compared to the prototype so that time is on the 
x-axis and distance on the y-axis. The main reason for changing this is that 
focus usually will be on the lower part of the graph since this is what is hap-
pening right now or soon will happen. When controlling a large number of 
stations it is then easier to monitor a horizontal area than a vertical. This has 
to do with how humans are used to viewing the world and also reduces head 
movements. Every fifth minute is represented as a black horizontal line and 
every 30th minute by a thicker black line. Vertically the white lines indicate 
the location of stations. In the track diagram (2 in figure 5) the stations align 
with stations on the graph so the two different components have the same 
scale. When trains move along the tracks it is then easy to compare their 
location with their current timetable. For each type of train, i.e. passenger or 
cargo, its timetable line has a unique color. At the lower left corner (3 in 
figure 5) a more detailed view of the station is shown. This view shows the 
tracks and the switches. Train dispatchers can closely monitor train move-
ments on stations in this view. The view is scaled so that train movements 
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will show more clearly and the train dispatcher will easier notice them. This 
example is in no way close to what will be needed in a full scale system. 
Stations are many times very complex and train dispatchers need a lot of 
information about switches, platforms, lengths, etc. to control the trains 
within the stations. But it is still important to give an example of how high 
precision and dynamic information can help in creating an understanding of 
the current traffic situation. There is also a need for additional information 
about specific trains. This information will be displayed in the lower right 
corner (figure 5). 

5.1 Layout  
Different information units are given fixed positions within the presentation. 
Using fixed positioning is a very strong and practical way of coding that 
enables the train dispatchers to learn where to look in order to find the in-
formation they seek. After getting used to the new layout they will gather 
information without additional cognitive load. This information gathering, 
finding and interpreting, will happen almost without the train dispatchers 
being aware of it. 
  
As a direct result from the requirement of showing all relevant information 
at once different windows is avoided. Instead information is grouped to-
gether and always shown at the same position. This does not mean that it is 
always to be visible, only if it is essential for the train dispatcher’s current 
task. Within a group of information attributes also have fixed positions. To 
make interpreting this type of information easier the background can provide 
discreet cues to where information can appear. 
 
Showing information about exceptions rather than rules is a way of reducing 
the amount of codes. It is also often possible to choose the alternative that 
takes up the least amount of space visually.  

5.2 Static and dynamic information 
Major parts of the graphical user interface will be used very frequently, usu-
ally during entire work shifts. The train dispatchers will learn, or already 
know, about their control areas geography, tracks, switches etc. This seldom 
changes and when they start a new work shift they will instead be more in-
terested in information about the current traffic situation and possible ab-
normities. Therefore it is natural to emphasize information that changes over 
time over information that stays the same.  
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Static information means information that does not change and consequently 
is easy to identify and understand. Dynamic information on the other hand 
changes over time. Another way to look at information presented in graphi-
cal user interfaces is in terms of layers. Static information is then found in 
lower layers whereas dynamic information is located in higher layers. Often 
this is referred to as background (static) and foreground (dynamic) layers.  

 
Figure 6. Examples of layers of information in the graphical user interface. 

 
The static background is presented in grayscale. The next static layer above 
the background information is coded with little difference in luminance be-
tween the few colors that are used. Information at this layer can be viewed as 
parts of the background itself. The experienced train dispatcher can effort-
lessly decode this information since it does not change. Static information in 
the prototype will, after frequent use of the system, become well recogniz-
able patterns whose main purpose is to give a structural background.  This 
means that there will be fixed reference points in contrast to the dynamic 
information that can change or move.  
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Figure 7. Example of static information from one of the paper prototypes. 

 
 
The dynamic information is essential since this is the information that train 
dispatchers need in order to understand the current situation and what is 
about to happen in the near future. In the prototype all dynamic information 
is designed to give the train dispatchers optimal efficiency in acquiring the 
current and future status of the train traffic process and sub processes. The 
dynamic information also helps the train dispatcher to learn and understand 
the complex traffic process so that when disturbances occur they are better 
prepared to handle them. Disturbances that seldom occur are usually more 
difficult to handle so by presenting predictions about what is about to hap-
pen, and keeping these prediction dynamic and updated, train dispatchers 
have a better chance of solving the disturbance.  
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Figure 8. Example of dynamic information from one of the paper prototypes. 

5.3 Colors 
Colors are very strong codes in graphical user interfaces and need to be used 
with consideration. When colors are used to code critical information they 
must be supplemented with another type of coding in order to be redundant. 
When colors are used to give a unique meaning to information, i.e. red for 
danger or green for normal, there should  be no more than five or six colors 
in that scale. Humans can not handle more unique color codes than this and 
if the information is related to safety critical issues this becomes especially 
important.   

5.3.1 Background 
Even though the prototypes developed so far all have a gray background we 
have also implemented a version with a brighter background. If the train 
dispatchers also work with papers that are white and their surroundings are 
bright then it is likely that a brighter background would be better. A final 
decision on which colors that are to be used must be postponed until tests of 
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the new graphical user interface can be conducted at site in the control cen-
tre. A very bright or a very dark background makes it harder, or even impos-
sible, to use colors that are brighter or darker than the background itself. In 
our prototypes there is need for many general codes, or colored symbols, that 
are easy to recognize and interpret but at the same time are relatively weak 
and does not interfere with other colors. For that reason it is not suitable to 
have a black or white background.    
 
There is also a difference in luminance between the traditional paper graphs 
and the prototypes developed. Paper reflects light whereas computer screens 
emit light. When the source emits light the span of brightness can be in-
creased so that even colors with higher luminance can be used. For the pro-
totypes it still makes sense to keep the darker backgrounds since this allows 
use of computer screens that does not support the use of high brightness.     

5.3.2 Tradition 
The railway community has a very long and strong tradition of how things 
are to be interpreted. Color conventions are well established and therefore it 
would be improper to change the meaning of many colors. When a train 
occupies a block that block is colored red in the track diagram. This does not 
indicate an error or a warning as red usually does but just that the block now 
is occupied.  

6 Interaction 

Since the new prototype is meant to be the train dispatcher’s main tool for 
controlling the train traffic it is crucial that user interaction is straightforward 
and designed to solve the tasks as easy as possible. Train dispatchers must be 
able to test and try out different solutions and approaches really fast and at 
the same time being able to undo changes to the plan. This is important since 
the dynamic graph in many ways can be seen as a drawing tool similar to 
today’s paper graph. The expected winnings (as described earlier) lies in the 
automatic function that issues track route commands giving the train dis-
patcher time to focus on the current traffic plan. However, when the infra-
structure fails they will manually control the traffic in the same manner as 
today. This type of interaction must also be optimized so that focus does not 
shift from the traffic flows to the technical aspects of the infrastructure more 
than necessary. 
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As a starting point the prototype will use mouse interaction. Timetable lines 
will be manipulated by clicking and dragging the mouse and train routes 
issued in the same way. Much work remains before a well designed plan for 
user interaction exists. Such plan must also account for ergonomic issues and 
mouse interaction is in no way a given solution. Joysticks similar to the ones 
used together with gaming consoles combined with keyboard interaction are 
an alternative that will be evaluated.  
 
Control of the infrastructure with switches, blocks, etc. will be done much in 
the same way as with today’s systems. Manipulating the time tables to create 
new plans and to solve conflicts will be done by changing time attributes, 
track usage and planned speed. A timetable consists of a series of arrival and 
departure times from the time when a train first is driven out on the track to 
when it has reached its final destination. Today the paper graph does not 
hold any information about which tracks the train will use on it stations. In 
our dynamic graph this will be equally important to arrival- and departure 
times since the automatic execution function cannot issue commands without 
this information.  

7 Decision support systems 

We have taken a pragmatic view when developing decision support systems 
(DSS) for the new graphical user interface. This means that the DSS devel-
oped so far are not theoretically advanced but instead intended to give the 
train dispatchers support when making decisions. The main goals are: 
 

• aid in identifying conflicts and disturbances as early as possible 
• show degrees of freedom 
• identify alternative solutions  
• show predictions that helps evaluating effects of suggested action 

 
Today there is no need for, or possibilities, to have automatic decision mak-
ing. Instead the train dispatcher must have full control over the course of 
events. 
 
A well designed DSS that works in real time and is frequently used can have 
a tendency to counteract users learning skills. As the DSS “output” becomes 
more correct there is a tendency that users rely more on the system and does 
not question either quality or result. It is possible to design DSS that instead 
shapes a healthy way of working and gradually increases user’s competence, 



Designing a graphical user interface for train traffic control 
 

 22 

both individually and as a team. The solution is to give the users a key role 
in the development of the DSS functionality. This also solves another big 
problem with DSS; that it can give support similar to the level of today’s 
skilled users, but cannot become more optimal than already highly skilled 
users. As users trust the DSS more the risk of gradually loosing competence 
increases and this must be avoided.      
 
During the development work with the DSS functionality one can gather, 
structure, conclude and make the train dispatchers knowledge understand-
able. This would lead to train dispatchers being evenly competent since the 
work would give room for reflection, discussion and considerations about 
different aspects of their own work as well as others. Competence can be 
shared among others.      

8 Evaluation 

Working user centered, i.e. iteratively in cooperation with the end users, 
means testing of ideas implemented as sketches or more functional proto-
types.  
 
At an early stage these tests are based on heuristic evaluation of sketches and 
illustrations. By presenting different scenarios, the train dispatchers in the 
work group can describe how they would act if and when using the prototype 
system. This type of preliminary evaluation gives important information 
regarding how realistic the proposed solutions are. However, before any real 
conclusions concerning the usability of the proposed design solutions can be 
drawn, a series of more detailed evaluation experiments must be performed.  
 
We have started to develop a more realistic tests environment, using a simu-
lator system where the design solutions can be tested (Sandblad et al., 2000). 
In this test environment the graphical user interface is projected on a large 
screen by two DLP-projectors mounted in the ceiling. A camera records the 
test persons as they carry out the test scenarios. The graphical user interface 
is also recorded by screen capture software that creates a movie of the test 
session. This enables us to see the detailed performance of the test persons 
and how they solve the presented problems. The prototype can also log a 
large number of other test variables for later analyzes.  
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Figure 9. The experimental test environment with the graphical user interface for 
train traffic control projected on a large screen. The test person controls the simu-
lated traffic according to defined scenarios. The performance is recorded for later 
analysis. 

 

9 Conclusions and future work 

The results from the research so far, the control strategies, the graphical user 
interfaces, the decision support tools, the automatic execution functions etc., 
have so far only been partly evaluated. A lot of work still remains concern-
ing the final design and in order to complete the work we must perform more 
experimental tests and evaluations. Implementing the prototype in an object 
oriented language as Java has enabled us to keep an open door to what re-
quirements the future might bring. Simulating train traffic in a realistic way 
is not an easy task, but the simulator developed within this research project 
meets our demands. Together, the prototype systems and simulator, provide 
us with the tools we need for evaluating the proposed solutions for future 
train traffic control system.  
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10 Discussion 

One important result from our research and development is all knowledge 
that has been gathered. We have made extra efforts to document the meth-
ods, development and results during the whole project. This knowledge can 
surely be applied to understand other fields where humans control complex 
and dynamic traffic systems and in the development of new technical sup-
port systems.  
 
The most important contribution from the research can be summarized as 
two different parts: 
 
First the description and analysis of today’s control system, the prototypes 
for new control principles and support systems etc. This has been described 
and discussed above. 
 
Secondly, we believe that the deeper knowledge about the nature of train 
traffic control and how traffic controllers perform will be very important in 
the future. Both the traffic controllers and the organization can benefit from 
a deeper and more detailed view on the work, its tasks and work environ-
ment. 
 
As one example of this, we can tell the following story: When presenting the 
new prototypes of the user interfaces to train dispatchers their reaction often 
have been that: “How are we going to handle all that information? It looks so 
confusing. There are so many parameters to consider. Will it not be very 
difficult to interpret and understand all the images?”. Our answer to this is 
that they actually already today handle all this information. But they do this 
without having a graphical user interface presenting it. This means that they 
must create all the information in their mind, using advanced mental proc-
esses. What is presented on the screens today is not what they actually need. 
It puts a lot of unnecessary cognitive load on them when trying to create 
what is actually happening out there on the tracks. The result is both a heavy 
mental workload in the daily work and the fact that it takes a very long time 
to be experienced. Probably this also results in a far from optimal perform-
ance in disturbed situations.  
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