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Abstract 
In 1996, on initiative from the Swedish National Rail Administration, the 
department of Human-Computer Interaction at the institute for Information 
Technology, Uppsala University initiated a research project with the objec-
tive to identify the difficulties present in today’s train traffic control today 
and to find solutions to those problems, if possible. 
 
This paper describes the strategy used to control train traffic in Sweden to-
day. Problems and difficulties inherited from the use of the current control 
strategies and systems are presented. With the goal to solve these problems, 
and aid the human operator in their work, solutions for new principles for 
control and a new control strategy are proposed – control by re-planning. 
The proposed control strategy is designed to support the train dispatcher to 
work in a more preventive manner and thereby avoiding potential distur-
bances in traffic when possible. The focus of control tasks will be shifted 
from controlling infrastructure on a technical level to focus more on a higher 
level of controlling the traffic flow through re-planning tasks. The new con-
trol strategy in combination with a new approach to automation, higher 
availability of decision relevant information and new graphical user inter-
faces addresses many of the issues and problems found in the control envi-
ronment today. 
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1 Introduction 

This paper describes, from a Human Computer Interaction point of view, the 
strategy used to control train traffic in Sweden today. Problems and difficul-
ties with current control systems are discussed. With the aim to solve these 
problems, and aid the human operator in their work, a new control strategy is 
proposed. Chapter 2 briefly presents related international research. In chapter 
3 theories and our research methods are presented. Chapter 4 describes to-
day’s train traffic control principles and systems. Chapter 5 contains a de-
scription of the new proposed control strategy and the most important as-
pects, including consequences of the proposed solutions in terms of techno-
logical support, automation and decision support. 
 
The Department of Human Computer Interaction at the Institute for Informa-
tion Technology, Uppsala University, has together with the Swedish Na-
tional Rail Administration performed research on train traffic control since 
1996. The Future Train Traffic Control (FTTC) research project’s goal is to 
analyze and acquire in-depth knowledge about how train traffic is controlled 
today but also to investigate what is needed for efficient traffic control in the 
future. 
 
In Sweden there are 8148 kilometers of single track line and 1734 kilometers 
of double or multiple track lines. The Swedish National Rail Administration 
is responsible for the operations of signaling, construction and maintenance 
of the railway system. There are several train companies running traffic on 
the railway, e.g. SJ, Connex, Green Cargo and Tågkompaniet. The traffic is 
mixed with both passenger trains and freight transportation. The Swedish 
railway system is geographically divided into eight control areas or regions. 
Each area is controlled from a traffic control centre. At the traffic control 
centre, information about the traffic process status is presented in track dia-
grams on large distant panels and/or on several regular computer screens. 
Train dispatchers monitor the train movements and control train routes by 
automatic or manual remote blocking. Track usage is controlled either by the 
use of automates or by manually executing interlocking routes for each sta-
tion. Today's control systems are often designed to support the operator's 
possibilities to react on, and to solve disturbances and conflicts when they 
occur. In order to meet increasing future demands, new principles and tech-
nical solutions are required for an efficient train traffic control. Train dis-
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patchers should be able to follow the dynamic development of the traffic 
system over time and prevent disturbances.  
 
One part of the research concern strategies for the operative traffic control; 
in particular with the focus to change the work towards pro-active re-
planning of traffic flows rather than the more reactive, technically oriented 
way of control used today. Another part of the project concern design and 
development of new user interfaces for train traffic control professionals’ 
interfaces that better support early detection of potential problem and at the 
same time provides all decision relevant information. A third focus is on the 
resulting work environment for the professional workers. I.e. train dispatch-
ers. Some additional research areas within the FTTC project concern com-
munication between train dispatchers and their environment, e.g. train driv-
ers. 

1.1 Background 
 
The Swedish National Rail Administration approached the Human-
Computer Interaction department of Uppsala University with an interesting 
research problem. They had experienced that their knowledge about train 
traffic control work was not satisfactory for creating requirement specifica-
tions when planning for future traffic control systems. The Future Train 
Traffic Control research project started in 1996. Initially the projects aim 
was to analyze and gather knowledge, from a human factors point of view, 
about the work of controlling train traffic in Sweden. Later the research ob-
jective included the aim of finding solutions to the problems inherited from 
the current control systems and approach to controlling train traffic. The 
main objective of this research is to investigate how systems could be de-
signed to better support the human’s capacity and capabilities to control train 
traffic in an efficient way. 
 
Algorithms for optimization of train traffic plans have been studied within 
the scope of this research. In consideration to the fact that it today is not 
possible to keep track of all factors that effect the train traffic in disturbed 
situations (Hellström, 1998), the FFTC project has chosen to proceed the 
research in the direction of improving support to the human operator, rather 
than attempting to use ‘optimizing algorithms’ for re-planning tasks. 
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2 Related research 

Most of the research performed on train traffic control has had focus on op-
timizing train traffic with the aid of algorithms and automation. Research 
with a human factors perspective on train traffic control is unfortunately very 
limited.  
 
Lenior (1993) studied cognitive processes with Dutch train traffic dispatch-
ers (signalers) and experienced that they tend not to plan ahead because of 
both the complexity of the network and the risk of change. Roth (1999) per-
formed Cognitive Task Analysis on train dispatchers in USA and found that 
they did plan ahead. Lee (2004) presents a computer based time-distance 
graph for train dispatchers and suggests that a similar tool might be useful in 
the train dispatching work. Her work for the Federal Railroad Administration 
in USA has primarily concerned the development of a computerized aid for 
railroad traffic planning and not for dispatching. In the project there has been 
a user centered approach. Makkinga (2004) reports on research regarding a 
way of train traffic control similar to the one proposed in the FTTC project. 
He proposes a user interface which support pro-active planning 20-30 min-
utes ahead of time. The most interesting part of this research from the FTTC 
point of view is the inclusion of track-occupancy graphs for each station into 
the larger time distance graph. 

3 Methods 

We have found it to be very important and useful to base our descriptions 
and analysis of today’s control principles and systems as well as formulation 
of requirements and evaluation of new control principles and systems on a 
conceptual model. This model, the goal, model, observability and controlla-
bility model (GMOC), has its roots in Automatic Control but is also influ-
enced by Control Theory as defined and used within psychology. In Auto-
matic Control it is possible to define pure mathematical requirements for 
control of a dynamic process based on goals, model, observability and con-
trollability. In Control Theory within psychology the term actions is often 
used instead of controllability. The research in psychology is often focused 
on understanding how humans formulate goals and mental models as a func-
tion of observability and possibilities for actions as properties of the con-
trolled system. One main result of this research is the necessity of supporting 
the human decision-making process with dynamic information. 
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3.1 The goal, model, observability, controllability model  
To achieve efficient control of systems in general, there are a number of 
things that need to be considered. The operator controlling the system should 
have clear goals and an accurate mental model of how the entire system 
works under various conditions. The system should provide the operator 
with good observability as to the systems past, current and predicted future 
status. Adequate possibilities to interact with and control the system (con-
trollability) are also crucial according to Andersson, Sandblad, Hellström, 
Frej & Gideon (1997). 
 
Based on this we have developed a conceptual framework for describing, 
analysing and designing control of complex dynamic systems, the GMOC 
model.  
 
Goal 
The goal is a specification of the objectives of the control process, what we 
want to achieve. Goals can be formal or informal, explicit or implicit, indi-
vidual and collective, simple or complex, the can change over time and they 
can be conflicting. The goal is a property of the operator and the organiza-
tion. 
 
Model 
With a model we here mean the mental model of the individual operator, i.e. 
the operators understanding of the process. Mental models are often very 
complex, difficult to describe and analyse and can not easily be verbalised 
by the operator herself. The mental model is used to understand the behav-
iour of the process, make predictions and to decide on actions. The model is 
a property of the operator. Operators controlling the same process can have 
different mental models. 
 
Observability 
Observability is a property of the process and especially of the control sys-
tem and its user interface. The observability is what the operator is allowed 
to observe through the interface. This is important for the operator’s possi-
bilities to understand what is going on and to identify the present state of the 
process. It is also essential for the operator’s possibilities to develop the 
mental model. Without enough observations the development of a mental 
model is restricted. 
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Controllability 
Controllability is a property of the control system and defines what and how 
the operator can effectuate control actions. The process can only be reached 
via what is possible to control. In this way the controllability also has an 
effect on the possibilities to develop a mental model. The dynamic relations 
between control actions and observed changes in the behaviour of the proc-
ess, supports the understanding of the process.    

ModelGoal

Dynamic Process

Control Observe

time

ModelGoal

Dynamic Process

Control Observe

time
 

Figure 1.  A conceptual model, GMOC – goal, model, observablility, controllability 

To be able to control a dynamic process it is necessary to achieve suitable 
goals, mental models, observability and controllability. A dynamic process is 
a process where the state can change spontaneously over time and where 
control actions do not only affect the process behaviour momentary but also 
in the future. 
 
To be able to control the process in a satisfactory way these four require-
ments must be fulfilled: goal, model, observability and controllability. This 
is true both for the automatic control systems, for the human operator and for 
the organization as a whole. In our conceptual framework we have also in-
cluded the four basic requirements with some organizational aspects. The 
total control system consists of different operators with different roles and 
responsibilities. They can have different goals and models and supplied with 
different possibilities concerning observation and control. They can commu-
nicate and cooperate according to the existing work organization. The result 
is a very complex structure of cooperating individuals with different roles 
and tasks with the common goal to fulfill the complete dynamic control as-
signment. 
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3.2 A user centered development model 
We have used a user centered model for our research and development work. 
The involvement of real users in all phases of the work is necessary.  
 
Systems design is often understood as the complete software development 
process, but the user centered or participatory design process described here 
finishes with descriptions of future work accompanied by design sketches 
and interactive prototypes. 
 
Designing new systems adapted to organizations and work in change is a 
challenge. Through our experience from design work in a number of applied 
projects a participatory design process has been developed (Olsson, Johans-
son, Gulliksen & Sandblad 2005). Bødker & Iversen (2002) has argued that 
designers need time for reflection to develop their participatory work prac-
tices. The design process described here includes time for reflection on cur-
rent work practices, on organization as well as work re-design and develop-
ment of future support systems. Furthermore, the process requires a new 
perspective on workers and respect for their skills, in line with Bannon’s 
(1991) description of workers in terms of active and controlling people with 
underlying values and motivation in the work setting. The workers are the 
central actors in working life; consequently, we argue that they should have 
a key position in development of new support systems that are to become 
their tools and a part of their work practice. 

3.2.1 Description and analysis of the existing work procedures 
The initial phase of the project produced a detailed analysis and description 
of the present work within the train traffic control organization. This was 
performed as a set of observation interviews (or contextual inquiries). The 
interviews were transcribed and used for analysis of how dispatchers reason 
about their work today, with a focus on aspects related to goal, mental mod-
els, observability and controllability. The goal for this was to give the exter-
nal project members a chance to gain more insight into the actual work proc-
esses, but also to make a map of the basic cognitive models and control 
strategies of the train dispatchers.  

3.2.2 Workshops 
The project was then carried out by an active work group consisting of six 
experiences dispatchers together with usability and design experts, i.e. the 
researchers. The group was intact and active for several years, with regular 
one-day meetings every month. During the time gap between group meet-
ings, the design experts analyzed and prepared information and prototypes 
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and the dispatchers further developed and evaluated the ideas about future 
work processes and technical support systems. 
 

 
 

The work in the project group has covered aspects such as problems in pre-
sent work situation, visions and prerequisites for future organization and 
work processes, details in future organization and solutions such as work 
organization, room design, control strategies, information systems, decision 
support, user interfaces etc. We will only describe some specific results that 
probably would not have been reached without this work model. 
 
In the beginning, the work focused on improving the fragmented user inter-
faces by information integration and enhanced visualization. During this 
work, and based on the earlier mapping of cognitive strategies, we under-
stood that the information the dispatchers really used in the control process 
was not included in the present system. They based their decisions on dy-
namic prognoses of the trains’ behavior, but the available information was 
old static data about occupation of track segments. They had to mentally 
create the information they needed from available information, something 
that was extremely cognitive demanding and required years of training. 
When we proposed new systems, where all decision relevant information 
was simultaneously presented, they could understand the present dynamic 
traffic situation much faster and save their cognitive capacity for advanced 
problem solving.  
 
Today the control tasks are completely focused on the control of the techni-
cal infrastructure, and we started to develop more efficient systems to sup-
port such tasks. When we together analyzed how they were using the pro-
posed new systems, we slowly realized that they actually did not aim at con-
trolling the technical infrastructure, even if this was what the control system 
allowed. The ultimate goal was to define traffic plans for the trains which 
were optimal for each train in the given context. This indicated that what 
they really needed was to be able to identify upcoming conflicts, to find op-
timal solutions by real time re-planning of each trains traffic plan, and to 
execute these plans. When we now radically changed the information pres-
entation and included support for re-planning in the user interface, we found 
that in most cases the plan could also easily be automatically executed. In 
this way we had created a completely new paradigm for train traffic control: 
control by re-planning in real time. The train dispatchers are in continuous 
control of the dynamic development of the traffic process, they are supported 
to detect upcoming conflicts and disturbances early, they can re-plan each 
train to obtain an optimal traffic plan and this plan is in time automatically 
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executed. The focus on technical control of the infrastructure has been 
shifted into a planning process at a higher, more traffic oriented level. 

3.2.3 Prototyping 
We recommend active involvement of users in the design process, which 
also involves prototyping, and creation of mock-ups. However, we do not 
recommend that users spend time on development of prototypes because 
such practices turn out to be ineffective. Even though users are professionals 
in terms of their computer support systems, in our experience they are sel-
dom knowledgeable in design tools and programming languages. The 
threshold to acquire even basic knowledge in this area is high, and users who 
have to spend time and effort on learning design tools may lose focus on 
their profession and the possibilities for development and increased skill in 
that area. In our research, designers have therefore been responsible for visu-
alization and implementation of the design, but it is carried out in close co-
operation with users. 
 
The prototype development and evaluation has been a continuous ongoing 
iterative process, where successive prototypes have been developed accord-
ing to the ideas from the work group. These prototypes have been imple-
mented in an experimental test environment (Sandblad et al. 2000). Through 
experiments performed by experienced dispatchers we have been able to test 
and evaluate a number of different prototypes. 

4 Managing train traffic today  

The operative traffic control today is performed by train dispatchers. The 
work tasks performed provides many and complex difficulties. Train traffic 
on many railway lines are close to maximum of the available traffic capacity. 
Mixed traffic has introduced increasing differences in train characteristics 
such as speeds, acceleration, length and weight etc. Demands for special 
transportations are also increasing and require separate handling from a traf-
fic control perspective. Conditions for train traffic control is based on tech-
nology and rules that have gradually changed over a long period of time. The 
result is that work tasks require that train dispatchers must have detailed 
knowledge, and be able to use that knowledge, to control train traffic effi-
ciently during disturbed situations. This knowledge about details is also im-
portant for optimizing train traffic during more normal conditions.  
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The train traffic process encompasses the entire infrastructure that the train 
traffic system consists of, including signals, signaling boxes, signaling safety 
systems (ATP/ATC), traffic information, the trains running on the railroad 
and humans that in some way affect the process etc.  
 
The traffic control system keeps track of the traffic process state and con-
veys control actions to the traffic process either by the aid of automates or by 
manual control commands performed by the train dispatcher. The control 
system supports several functions, where the most central is reserving train 
routes by remote blocking. Train dispatchers interact with the train traffic 
control system through a user interface. A track layout is visualized in a user 
interface, usually implemented on a combination of large distant display 
panel and smaller computer screens, or solely on computer screens at work-
stations. Another important tool during planning and control tasks is a paper 
based time-distance graph (a graphical timetable). This is used to plan for 
upcoming traffic changes and documenting how traffic actually was carried 
out. It is also used for planning track maintenance and incorporating addi-
tional information about important events or restrictions. The timetable 
graph is not used for planning or documentation of which specific tracks that 
should be, or have been used by the trains. It is also important to realize that 
the system is not aware of the plans that the train dispatcher makes in the 
paper based graph and that automates may act against the dispatchers plan. 
There are different kinds of automates in use, local, central and traffic plan 
based automates. Besides this the train dispatcher also uses a number of in-
formation systems to acquire and document necessary information and also 
to communicate with the surrounding environment.  
 
Train dispatchers perform work tasks through interaction with the traffic 
control system, surrounding information systems and their environment. The 
work is very complex due to the dynamic properties of what is controlled. 
Control actions are implemented either through alphanumeric keyboards or 
with the aid of a computer-mouse or a combination of those two ways of 
interaction. 
 
The train dispatcher also communicates and interacts with a number of ac-
tors, such as train drivers, track workers, traffic informants, electrical and 
track management responsible and several train operating companies. More 
detailed aspects of this communication, with focus on interaction with train 
drivers are available in the project report, FTTS (2000) 
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Figure 2. Basic control strategy for the Swedish train traffic control of today. 

4.1 Control by exception 
Control systems in use today are poorly designed to support pro-active work. 
Instead of having main focus on prevention of potential conflicts train dis-
patchers are often restricted to solving problems as they occur. When con-
trolling train traffic today, there is a high degree of focus on managing the 
technology in order to control the traffic. So the focus is on managing the 
technology and infrastructure and not foremost on management of traffic and 
traffic flows. The reasons for this are several. Control commands performed 
by the train dispatcher to the control system are on a technical level. Presen-
tation of information lacks dynamic information, information about the out-
come of previous control measures taken and the potential future develop-
ment of the traffic in a given situation. The design of the train traffic control 
system requires that the train dispatcher maintains detailed knowledge about 
technical aspects of both the control system as well as the infrastructure in 
order to be able to use available resources to solve disturbances. 

4.2 Problems with the current way of controlling traffic  
Controlling train traffic today is a complex and highly dynamic task. The 
system to be controlled is complex because there are several different co-
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dependant components affecting each other. The train dispatcher has to in-
teract and cooperate with other people within and outside of the control cen-
tre that also affects the traffic process. Difficulties presented below are or-
ganized according to the GMOC model. 
 
Goal 
The goals which an operator are striving to achieve are often complex and 
only in part explicitly formulated. Train dispatchers construct their own op-
erative goals based on experiences acquired. E.g. goals include minimizing 
delays, not delaying trains that are on time, achieving robustness in traffic 
solutions so that further complications does not evolve, prioritize important 
trains etc. More detailed information i.e. about train operating companies’ 
desired prioritization of trains would aid the train dispatcher to maintain 
more specific goals.  
 
Model 
Acquiring information is cognitively demanding and in many cases unneces-
sarily difficult. Much of the information needed to sufficiently comprehend 
the current situation is not available. Instead train dispatchers’ based on their 
experience create their own knowledge of what they think the situation is, 
often successfully, but at times with poor results. This process of construct-
ing knowledge increases cognitive workload and removes focus and capacity 
from the real task of assessing the situation and deciding on suitable meas-
ures. Research and experience show that human abilities to maintain effi-
cient control under such circumstances are limited.  

 
To be able to control train traffic efficiently it is important to have extensive 
knowledge about the infrastructure, signaling systems, etc. and their often 
very complex functionality, the short and long-term effects of taken control 
measures etc. Graphical user interfaces in use today don’t show all informa-
tion required in a clear unified way, train dispatcher must spend much time 
and effort into creating, adding pieces to the puzzle to gain the information 
needed. This effort is not necessarily a conscious process, but it affects the 
overall efficiency in work. Due to the complexity and lack of suitable infor-
mation it also takes a unnecessary long time to get proficient at the work 
(typically several years). 
 
Observeability 
Complex situations and disturbances are difficult to grasp. When a severe 
disturbance has occurred it is important to quickly be able to understand 
what happened and what the effects might be. Often the information re-
ceived by the train dispatcher are out dated and in poor detail. (e.g. poor 
precision in positioning and speed of trains.) This makes it more difficult to 
grasp the current situation. Information is often delayed. There are numerous 
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time delays in information supply. This induces two types of problems. If the 
time delays are not known or vary in length it may be difficult to interpret 
the information. If the information arrives too late it might be too late to 
perform the control measures that would have been the most efficient ones. 
There is a lack of information and it can be unnecessarily difficult for a train 
dispatcher to obtain information about surrounding traffic that will affect 
his/her control area, especially if the neighboring control area is controlled 
from another train traffic control centre. 
 
Lack of overview in the time-distance domain makes the train dispatcher to 
focus on current situation and sub-optimizing solutions instead of achieving 
the overall best traffic solutions. It is difficult to observe the current state of 
automates and to ascertain if the automates will react and perform control 
actions in accordance to the wishes of the train dispatcher. 

 
The graphical user interfaces used are poorly integrated and designed. Today 
the information used to make decisions is separated into different systems 
with different user interfaces. Information is thereby divided and scattered 
over several systems where the information is not coded in uniform or easily 
recognizable ways. The fact that the user interfaces used today does not pro-
vide all decision relevant information in an easy to obtain manner makes the 
decision making process more complex, time-consuming and cognitively 
demanding than it would have to be. 

 
Controllability 
The train traffic process is highly dynamic, it spontaneously develops over 
time. Control measures can only be applied at certain points in time, such as 
before or after a train passes a certain point. The train dispatcher always has 
to be aware of that and adjust the work tasks according to when control ac-
tions can and should be made. Control measures don’t always take effect 
right away and may influence traffic over some time to come. To understand 
the situation at a given moment the operator must understand the develop-
ment that led to the current state, which external disturbances that might 
occur, which earlier measures has been made or should be taken when and 
how etc. The term ‘automate’ within the traffic control context commonly 
refers to a function that based on static and dynamic criteria decide what 
control measures that should be done and then performs those control actions 
in the same sequence. Automates in use today can change the order of trains 
and also the track usage. What automates should perform is chosen by the 
operator from a number of pre-defined alternatives. The control actions 
taken by automate can then be affected by the exact time when a train passes 
a certain trigger point. Decision and execution is performed in the same se-
quence. Because of this automates used today is not practical to use during 
disturbances since the situation may change quickly and accurate informa-
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tion about the process often are insecure or missing. It is also difficult to 
control what automates should perform, control options are in practice often 
restricted to the choice of using or not using automates. 
 
During traffic with low or none disturbances it is usually relatively easy to 
manage minor problems. However, the “normal” condition of the traffic 
process is that deviations and disturbances are present. As a consequence to 
the reasons given above it is difficult to manage disturbed traffic in an opti-
mal way and instead the train dispatcher often has to settle for merely work-
ing solutions to disturbances.  

4.3 Need for new ways to manage train traffic 
The main argument for reconsidering the work of controlling train traffic as 
it is today is the difficulties discussed above. The goal is to design a system 
that is easier to use, by implementing a control system that better supports 
the cognitive processes of information gathering, analysis, decision making 
and interaction. Train traffic development today also provides arguments for 
considering new ways of control. The traffic is increasing; there are more 
train operators acting on the same infrastructure, more and faster trains and 
increasing demands for punctuality. In connection with the current develop-
ment of new technology (ETCS etc) towards new information and user inter-
faces to the train driver within EU there is also the opportunity to further 
develop the cooperation between the train driver and the train dispatcher. 
Technical advances also provide opportunities to improve both control 
strategies and the technology used to perform traffic control. I.e. exact posi-
tion and speed of trains, automatic information transference between the 
train and the traffic control system.  
 
Building new infrastructure is very expensive. If it is possible to better util-
ize the existing and future infrastructure through a more effective traffic 
control system much is gained. 
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5 Managing train traffic in the future, a 
proposed strategy 

We call the proposed proactive control strategy, control by re-planning. This 
can be compared to the more reactive strategy of today. One main objective 
during this research has been to shift the control paradigm from low-level 
technical control tasks into higher-level traffic re-planning tasks. Re-
planning tasks must be supported by efficient user interfaces that allow the 
train dispatcher to be continuously updated and able to evaluate future traffic 
conflicts so that these can be taken care of in time. Improving the train traffic 
control can be a very cost efficient way to improve utilization of existing and 
future infrastructure. 

5.1 Objectives for the new control principles  
The purpose with the proposed control strategy is to achieve control on a 
higher level, allowing the operator to focus on traffic rather than on how to 
manage technically oriented control commands. This is done by moving 
focus from managing the technical conditions for how the trains are able to 
run, into updating and maintaining a functional plan for how the traffic 
should run. This will allow the operator to concentrate more on what will 
happen in the near future and to identify and solve potential conflicts before 
they are manifested. In this way, some disturbances may be prevented com-
pletely instead of spending time on solving problems once they have oc-
curred. One goal with the proposed control strategy is to improve the proc-
ess’s predictability. Presenting detailed and clear information helps in under-
standing and predicting what will happen in the future, so that no unneces-
sary surprises overthrow the operators’ traffic plan. With improved traffic 
control, available resources and capacities can be used more efficiently. 
Since disturbances are common, it is also important make sure that traffic 
can be controlled as efficiently as possible in particular when disturbances in 
traffic have occurred. 

5.2 Control by re-planning 
The aim of control by re-planning is to provide the train dispatcher with a 
control strategy which better support a pro-active way of work. Focus will be 
shifted from controlling traffic on a technical level into a more traffic ori-
ented level. Control by re-planning in combination with a new approach to 
automation, enhanced availability, higher precision and presentation of deci-
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sion relevant information through well designed graphical user interface will 
improve usability, utility and effectiveness in use of new traffic control sys-
tems. Re-planning is the activity of in real time updating an obsolete traffic 
plan. As long as the plan is maintained, control commands can be automati-
cally issued by an automatic execution function in accordance to the valid 
traffic plan. In some sense the train dispatcher re-programs what the auto-
matic execution function will perform just by re-planning and updating the 
traffic plan. 

5.2.1 A traffic plan 
The term traffic plan is here used to describe a timetable schedule which also 
incorporates planned track usage for each object or event occupying a track 
resource. A traffic plan contains information on how traffic and related ac-
tivities should be carried out in the time and space domain. The most impor-
tant property of the traffic plan is in which order each resource-user is 
planned to use a certain track resource. Typically a resource user is a train, 
but it may just as well be a construction or maintenance work.  
 
To execute the traffic plan, only the current plan is necessary. For reasons of 
documentation and re-planning, also outdated information such as original 
traffic plans and all changes made to the original plans may be of interest. 

5.2.1.1 Shared knowledge between the human and the control system 
One major benefit of always having a complete updated traffic plan is that it 
can be shared between the human(s) in control and the control system. Hav-
ing an in common plan for how traffic will be executed, opens up the possi-
bility for improving the way automation is used, making it to execute what 
the human have explicitly decided and thereby minimize the risk of automa-
tion surprises. Also the fact that the updated traffic plan is available through 
a computer system provide us with the opportunity to automatically share the 
traffic plan with other stakeholders such as traffic informants or to train dis-
patchers in control of surrounding traffic areas. 

5.2.2 Re-planning, changing the traffic plan  
Re-planning is the activity of changing and updating the current traffic plan. 
The aim of re-planning is to turn a traffic plan with conflicts or inefficient 
traffic into a better more optimized plan. The train dispatcher is always in 
full control and decides which track a train can use, in which order trains 
may use a certain track resource and at which point of time a train at the 
earliest may pass specified signals (points). 
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Making decisions on a traffic level, i.e. controlling by re-planning at a traffic 
level, includes: 
 

• Optimizing the traffic plan all the way to the final stop of the train 
• Continuously re-plan and thereby updating the traffic plan in real-

time. 
• The possibility to test alternative solutions in advance 
• Plan for optimal resource usage so that no deadlock situations oc-

cur. 
• Plan and decide on time and track allocation for infrastructural re-

pairs or maintenance etc. 
• Incorporate decision relevant information into the traffic plan.  

 
It is possible to focus on optimizing traffic solutions if time is available, or 
just perform fast re-planning to obtain a valid traffic plan when necessary. 
Re-planning concerns both track usage and timetable for every type of re-
source user that will use a certain track resource over a period of time , e.g. 
trains or maintenance work etc. The human is always in charge and makes 
all decisions. Decision making is separated from execution of the decisions. 
Decision supporting functions can be used to aid the operator in the decision 
making process. Initially, decision support will be of a less advanced sort, 
only providing enhanced information to the operator (e.g. emphasizing po-
tential conflicts or showing how fast it is possible to get a certain train to a 
certain location etc.). The kind of decision support we are reasoning about is 
not the kind that is allowed to make decisions automatically (Hellström, 
1998). The goal of decision supporting functionality is to provide an im-
proved information basis for the operator to make decisions regarding plan-
ning and control.   
 
There are two basic work roles that the future train dispatching work can be 
divided into: 

 
• Planning – controlling traffic through re-planning in real time on a 

traffic level.  
• Execution – controlling through executing at a technical level, af-

fecting signals and switches etc. more directly. 
 

Both work roles require the same basic competencies. Normally both roles 
will be performed by one operator for a particular control area (work sta-
tion). It is possible to have two operators assuming one role each if the traf-
fic situation is extremely problematic.  
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5.2.3 Executing the traffic plan 
There are two ways to execute control actions. Interlocking of train routes 
(execution) according to a plan can be performed either by automatic or 
manual execution. The train dispatcher decides on what should be done and 
this is incorporated into the traffic plan. Under most conditions the traffic 
plan can then be automatically executed. However, under some circum-
stances manual execution (or interlocking) will still be required.  
 
If the train dispatcher so desires, it must be easy to inhibit the automatic 
execution function either by turning it off completely over the entire control 
area, for a particular track resource or even a particular train.     

5.2.3.1 Automatic execution 
Given a valid traffic plan it is feasible to have automatic execution functions 
that are transparent to the user. The user will always be able to know exactly 
what the automatic execution functions will do since functions are not al-
lowed to change the order of which trains can use a certain track resource. 
Automatic functions will never execute a plan containing conflicts. 
 
The following functionality of the automatic execution and support systems 
must be available: 

• Automatic execution of the continuously updated traffic plan. 
• Stop of the automatic execution function. (By the operator or 

autonomously.) 
• Automatic test of planned train way in due time in order to test the 

feasibility of the current traffic plan. 
• Automatic interlocking of tested train way according to plan and 

train signaling orders. 
• Automatic functions are made predictable, easy to understand and 

thereby more usable also during severe disturbances. 
• Automatic functions are for execution, not for changing plans. 
• Automatic functions does not autonomously change track usage or 

train order. 
 

If, according to the traffic plan a certain train is next on turn to use a certain 
track resource, automatic functions immediately tests the train way by set-
ting switches in the desired position. This is done in order to detect potential 
infrastructural problems as early as possible. Final reservation of the planned 
train way however is performed as late as possible but early enough to en-
sure that the train won’t have to halt if it’s not supposed to do that. At which 
point in time a train route will be reserved is influenced by train position and 
speed. The reason for interlocking train routes as late as possible and with as 
short track stretch at each time as possible is to ensure that maximum time 
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for re-planning is available. Once the track resource is reserved it requires 
manual interaction if the train dispatcher would like to release the reserved 
track resource. In other words, once automatic execution has been performed 
it is too late to re-plan the part of the traffic plan concerned. 

 
It will not change the order of which trains use a certain track or which track 
a train should use. The automatic execution function follows the traffic plan 
exactly according to planned track usage and in which order a particular 
track user (could be construction work etc. as well as trains) should be al-
lowed to use that track stretch. The automatic execution function will always 
act so that the order of trains and planned track usage is maintained even if 
it’s not optimal in aspects of planned time. By ensuring that the order of 
track usage is guaranteed the human train dispatcher won’t have to suffer 
from the same kind of automation surprises common today.  
 
The ‘automatic execution function’ referred to in this research is not an auto-
mate in the same sense as the ones used in train traffic control today. It is a 
function that prepares, tests and reserves train way – completely without 
exceptions – according to the current traffic plan. 

 
Local queuing of commands may in some cases be used when a track re-
source is earlier reserved or in use by i.e. another train. Local queuing means 
that the command for reserving a train route is stored locally in a signaling 
box and allows the signaling box to immediately execute the requested 
command as soon as the track resource is available. It is used to avoid delays 
in reserving of track resources due to in some cases rather extensive trans-
mission times. In the proposed concept we prefer if local command queuing 
is only used when absolutely required to ensure smooth transitions. The 
main reason is that if signaling malfunctions would occur it becomes more 
difficult to manually remove queued commands. 
  
Poor automation design can be directly linked to lack of feedback, monitor-
ing difficulties, passive decision making, poor mental models and thus re-
sulting in situation awareness problems. Billings (1997) studied automation 
in the aviation sector and reports that the probability of human failure in 
monitoring automation increases when operators are not alert to the state of 
automation. Automates used today are often perceived as unpredictable by 
the train dispatcher. In comparison to that, the proposed automatic function 
is only executing exactly what the traffic plan states. It will not compromise 
situation awareness in the same sense as today’s automates since it will al-
ways be known by the operator what the automatic function will do next.  
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5.2.3.2 Manual execution 
Manually applying control commands to achieve the planned traffic flow 
will be performed much in the same way as today. The train dispatcher pre-
pares, tests and reserves train routes manually as a part of handling the ex-
ceptions when malfunctioning technology/infrastructure occurs. Especially 
in regards to safety related work tasks such as running a train against signals 
etc. 
 
The work role as manual executor is performed by a train dispatcher that 
executes control actions when the current plan cannot be carried out by the 
automatic execution function. This might be the case in a variety of different 
cases: 

• When the signaling or safety system is out of order.  
• When a train engine has failed and a new one must be sent out 

against signals in stop. 
• When releasing of previously reserved train way is required. 
• When the traffic plan needs changing and the train dispatcher de-

cides that it will be more effective to manually reserve a train route 
and then later adjusting the traffic plan. 

• Etc. 
 
Manual control can be exerted through performing control commands via 
keyboard or point and click devices which convey the control action to the 
train traffic control system or in some instances via oral communication.   

 
Manual control tasks include: 
 

• Prepare and test the system prior to actually reserving a train route. 
• Reserving a train route 
• Releasing reserved train route 
• Re-claiming locally queued train route reservation commands.  
• Overriding what the automatic execution function would have per-

formed for a certain train by manually implementing control com-
mands. In some cases this requires manual shutdown of the auto-
matic function. 

• Manually performing control commands for changing a railroad 
switch. 

• Managing reparation work on infrastructure through blocking track 
resources and maintaining oral communication with responsible 
parties. 

• Safety critical operations such as leading trains against stop or ar-
eas without working safety technology require continuous oral 
communication with responsible train driver.  
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A work task parallel to manual execution is the requirement of documenting 
safety related information, decisions and actions. The manual execution dis-
cussed here work along the same principal way of how manual control is 
exercised today. The biggest difference will be the improved availability of 
necessary information and upgraded user interface interaction.  

5.3 The new work situation 
In the new work situation it will be important to continuously maintain a 
functional traffic plan, as optimal as the situation allows, for how the traffic 
should run. Figure 3 below is an introductory illustration of the basic parts of 
the proposed solution.  

 

Train
Dispatcher SurroundingsSurroundings

Train Traffic Process

Real-time database

New user interface

Computer based
time-distance graph

Track diagram

Automatic
execution
function

Train
Dispatcher SurroundingsSurroundings

Train Traffic Process

Real-time database

New user interface

Computer based
time-distance graph

Track diagram

Automatic
execution
function

 
Figure 3. The proposed new control strategy, control by re-planning. 

Within the context of the train traffic process, we have the infrastructure 
with all the track components and their characteristics (tracks, rail switches, 
road protection bars, slopes, curves etc) and the signaling safety system 
(track circuits, signals, signaling boxes, automatic train protection etc.). The 
train characteristics describe objects that have the dynamic property that they 
can move along a track and thereby change the state of the traffic process. 
Naturally humans play intricate roles in the process, making decisions and 
controlling functionality in different positions in the process, i.e. as train 
drivers, train dispatchers, traffic informants, maintenance staff, passengers 
etc.  
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In a real time database information about the status of the traffic process can 
be continuously updated with current information of adequate resolution. 
The real time database will be used to supply different systems with required 
information. One important purpose of the database will be to hold the origi-
nal, all changes made, and the current traffic plan. The database will contain 
all of the updated decision relevant data that will be presented in the graphi-
cal user interface. E.g. accurate train position and speed. 

 
Train dispatchers will use a graphical user interface to monitor, plan and 
control the train traffic. The user interface is always updated with informa-
tion from the real time database. The planning view of the user interface 
could be designed in different ways, but the most promising so far is the use 
of a two dimensional time-distance graph for re-planning actions. The plan-
ning view will typically show a control area from current time and a few 
hours into the future. How much time is displayed is depending on which 
kind of traffic that usually runs on the controlled area. Typically at least 
something between 1.5–2 times the time it takes for a regular train to com-
plete a journey across the control area should be visualized. There is also a 
history graph displaying how traffic has performed in comparison to the plan 
during the last hour. A track layout displays the exact current state of the 
infrastructure and where trains are positioned. Detailed information about 
each train and safety critical issues such as construction work etc. is avail-
able.  Decision support can be integrated into the interface to aid the train 
dispatcher, e.g. functions that highlight potential conflicts in the traffic plan 
etc.  
 
A more detailed presentation of the user interface developed within the 
FTTC project is available in Wikström et al. (2006). Integrated in the user 
interface there are different decision support functions that help the train 
dispatcher to identify, understand, analyze, and see available planning space, 
identify potential conflicts ahead of time and support the work with re-
planning the current traffic plan. With decision support we mean functional-
ity that supports the train dispatcher. It is today not about advanced algo-
rithms that more or less automatically optimize the plan. Even if we have 
found that such algorithms are not possible to use today, we don’t exclude 
the possibility of that in the future. 
 
The train dispatchers are those that have as their main work task to perform 
operative planning and control of the traffic. The train dispatcher has the 
responsibility to, at all times, in real-time make sure that there exist an up-
dated and functional traffic plan. Information necessary to perform the work 
tasks come primarily from the integrated user interface and possibly some 
other information systems, co-operation and communication with other peo-
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ple etc. Decisions about changing the traffic plan are taken and effectuated 
into the user interface. The updated traffic plan is then available via the da-
tabase to all those interested in that information. The train dispatcher can 
control the traffic in this way until the point when malfunctions occur in 
such way that the traffic plan can no longer be executed automatically. 
  
The train dispatcher may assume two work roles. The planning role: main-
taining the traffic plan. The executor role: manually executing actions to 
control traffic. Manual execution is primarily done when there are technical 
malfunctions that hinder automatic execution. The executor also gets the 
information required via the user interface, but there may in some cases be a 
need for more detailed information visualization and interaction. The execu-
tor role is more similar to how the work is performed today. The train dis-
patcher, acting in the executor role, performs necessary actions that via the 
user interface are mediated into the traffic control system and out to the sig-
naling system in the railway line.  
 
Increased availability and precision in information, and also the fact that 
information from the traffic plan may be accessed by others than the control-
ling train dispatcher, will affect how people cooperate. More detailed infor-
mation regarding trains and their movements, and automated information 
transfer to train drivers about why he has to halt at certain points, will proba-
bly decrease the need for oral communication. The work environment should 
have a design that supports the proposed work in a good way. A special fo-
cus has been on how the new work roles can be designed so that the new 
work situation can be performed without harmful mental workload or stress. 
The train driver should, as fast as possible, inform the train dispatcher about 
changes in conditions that might affect the traffic plan. If a train departs late, 
or if a train is forced to run at reduced speed, it means that conditions are 
changed and that the traffic plan requires adjustment. The sooner this infor-
mation reaches the train dispatcher the better. The train driver should also be 
made aware about changes in the traffic plan. If the train drivers are aware of 
the new plan, they can adjust their driving according to the new plan, in or-
der to avoid restrictions that lead to loss of capacity. The solution requires 
new information channels between traffic control centers and train drivers. 
Information about changes in the traffic plan should be available and shared 
with everyone that is dependant of this information. E.g. train dispatchers in 
charge of surrounding control areas, train drivers, train operating companies, 
traffic informants etc. 



PAPER I 

25 

5.4 A vision of the new work in practice 
Most of the people working with train traffic control are situated in train 
traffic control centers. For different reason there are also activities performed 
by personnel at other locations. Effective channels for communication e.g. 
telephones and computer based systems, are necessary to enable information 
exchange between train dispatchers and personnel with other work tasks. 
The focus here is on the work situation of the dispatcher. The dispatching 
work is performed in close cooperation with train drivers, maintenance per-
sonnel, traffic informants (responsible for informing passengers), electricians 
and personnel at the different train operating companies.    
 
The aim is to provide the train dispatcher with the possibility to focus on the 
main work task, to find optimal solutions when there is time enough or just 
sufficiently good solution when under intense time pressure. The latter 
means to find solutions that merely works, and that can be effectuated within 
the time available for decision and execution.  
 
The graphical user interface is a large coherent presentation area where the 
upper part is a planning view in the form of a time distance graph. In the 
graph the timetable and planned track usage for each train etc. are presented. 
Below the graph there is track layout according to a linear scale which is in 
line and the same as the distance axis of the graph above. Combined, these 
views provide the information about infrastructure and trains required by the 
train dispatcher to make decisions regarding changes in the traffic plan. Data 
and information is updated at sufficient rate and anomalies are presented as 
soon they occur, in real time or as fast as the technology allows. The track 
layout is the view used by the train dispatcher for manually reserving and 
releasing interlocking train routes as well as other control actions performed 
today. The time distance graph is the planning view where the train dis-
patcher performs re-planning through manipulation of the timetable lines. 
 
With a good overview of the traffic situation the traffic can be planned so 
that solutions are optimal considering all trains present in the area and the 
resources, in particular tracks, that are available at that time. Since plans and 
prognoses will rely on updated information with good precision, re-planning 
can be made in good time when a deviation slowly starts to reach threshold 
values, or immediately if a more acute problem occurs. 
 
Repetitive data exchange (with exception of safety related communication) 
between communicating parties can be automated. From the train and train 
driver information is transferred that influences traffic control decision mak-
ing. From the traffic control system information is transferred, that the train 
driver needs to be able to follow the traffic plan in the best way possible. In 
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similar ways information can automatically be exchanged between train 
dispatchers and other interested parties. 

 
New technology for speech communication with short connection delay can 
be used. Calls can be made via role- or object identity instead of telephone 
number, to make the information exchange more effective when oral com-
munication is required. One example on underlying technology that can be 
used for information exchange between dispatcher and driver is the SIR-
system, a GSM based radio communication link. 
 
Restrictions known by the control system can be visualized in the user inter-
face to indicate which plans that are possible to execute. To be able to create 
good decision support functions it is important to show all relevant dynamic 
information about train movements. To be able to create good operative 
plans for the train traffic, it is necessary to have access to data, with good 
precision, about the current state of the traffic process, which resources that 
are available and these resources properties and states. Accuracy of certain 
variables is essential for the quality of the prognosis that provides the base 
for decisions. In particular this concerns train position and the calculated 
runtime of a train. It is also important that the train dispatcher has a good 
overview over the result of the traffic plan a relevant number of hours ahead. 
The train dispatcher is responsible for that the traffic plan is valid both in 
aspects regarding timetables and track usage.  
 
When disturbances occur, the train dispatchers’ work is often complicated 
and is performed under time pressure. Work tasks usually include intense 
speech communication with concerned personnel. Automates used today can 
affect traffic in ways that contradict the train dispatchers wishes and they are 
consequently turned off in disturbed situations. Execution must then be per-
formed manually. To improve the train dispatcher’s work during disturbed 
situations we suggest that autonomous automates that chooses track usage 
and at the same time reserves train routes should not be used any more. The 
reason is that this kind of automation, if not turned off, increases the cogni-
tive workload in situations when it already is very high. In these situations 
automates often make disturbances even worse. The train dispatcher may 
then spend too much cognitive capacity to understand what automates will 
do. By not using autonomous automates the train dispatcher can be certain to 
have full control over: 

 
• Which track resources each train will use 
• In which order trains are allowed to use a certain track resource 

 
Within areas where signaling safety system works, the automatic execution 
function can – without changing the plan – execute the traffic plan as defined 
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by the train dispatcher. The order in which trains runs and planned track 
usage is then maintained during execution and the risk of automation sur-
prises is eliminated.  
The automatic execution function will: 

 
• Prepare and test the infrastructure along the train route  
• Reserve train routes by sending request to signalling boxes.  

 
Particularly in situations where the signaling safety system is not intact, the 
train dispatcher will have to perform control tasks in a way similar to how it 
is done today, according to safety regulations. The train dispatcher in this 
work situation has a more explicit role as a barrier against safety risks. The 
basic idea behind the proposed control strategy is simple. When disturbances 
occur there are no automates that create uncertainties about which track re-
sources that will be used by trains. The train dispatcher is in total and un-
threatened control. Trains can only run in the order and with the track usage 
as stated in the traffic plan. There are no exceptions to this rule. Besides 
changing the traffic plan, the operator also can chose to manually reserve 
and release train routes etc. Everything that can be controlled manually to-
day should also be possible to control manually when using a future imple-
mentation of the proposed system.  

6 Evaluation 

Working user centered, i.e. iteratively, in cooperation with the end users, 
means testing of ideas and design solutions continuously. Ideas, sketches and 
more functional prototypes can be tested and evaluated during both early and 
later phases in the design and development process.  
 
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.  
 
The project has been supported by an active work group consisting of six 
experiences dispatchers together with usability and design experts and re-
searchers. The group has been intact and active for several years, with regu-
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lar one-day meetings every month. During the time gap between group meet-
ings, the design experts analyzed and prepared information and prototypes 
and the dispatchers further developed and evaluated the ideas about future 
work processes and technical support systems. The work in the project group 
has covered aspects such as problems in present work situation, visions and 
prerequisites for future organization and work processes, details in future 
organization and solutions such as work organization, room design, control 
strategies, information systems, decision support, user interfaces etc.  

 
We have also developed a more realistic tests environment, using a simulator 
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 screen is also be re-
corded by screen capture software that create 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 num-
ber of other test variables for later analyzes. A portable variant of the proto-
type was implemented to facilitate the need to reach test persons more easily. 
Studies have been performed with the aid of the portable prototype environ-
ment at traffic control centers with satisfactory results (Kauppi, Wikström 
Sandblad & Andersson,  2006).   

7 Discussion 

The train traffic process is and will remain complex regardless of new con-
trol concepts, decision support systems and new sophisticated user inter-
faces. Traffic must be controlled and an important part of that work is the 
management of unpredictable situations, disturbances and events. One main 
reason for disturbances and unpredictable events is problems with quality 
and maintenance of the infrastructure and rolling stock. However, except 
efforts towards a more reliable infrastructure and improved maintenance, it 
has been shown to be efficient to develop support systems designed to im-
prove cooperation between people in different roles, technical systems and 
the organization. Our research concerning new principles and systems for 
traffic control is important in this respect. 

 
The new concepts and support systems have been developed during a long 
time period and in work groups where experienced traffic control profes-
sionals have played an important role. This process has not been easy, and 
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the proposed solutions have sometimes been met with skepticism. There 
have e.g. been reactions that user interfaces will provide too much informa-
tion to overview and handle. “How is it possible to be able to handle this 
much information at the same time?” Our answer to this question is that 
since train dispatchers obviously try to make decisions based on this infor-
mation today but without proper support, the situation can only be better if 
the information actually is updated and available in an easy to obtain man-
ner. Today it is necessary to recreate decision relevant information mentally, 
a cognitively demanding task that removes capability and attention from the 
more important tasks, such as identifying and solving disturbances etc. We 
believe that direct and simultaneous access to the information will make the 
work easier to manage and that more focus can be used on solving the more 
complex control tasks. All decision relevant information should preferably 
be available through the graphical user interface. It will take some time to 
learn to quickly and effortlessly overview and decode the information in the 
user interface, but once this done the work can be performed more effi-
ciently. It takes much more time today to learn how recreate information that 
is not visible. Today it takes several years to become really good at the train 
dispatching work. This learning process can probably also be reduced in the 
future. 
 
The traffic situation in Sweden varies significantly between different control 
areas and over time. There are large differences between controlling long 
single track lines with sparse traffic during night hours and controlling areas 
with intense traffic and multi-track lines during rush hours. Each situation 
provides its own challenges (Hellström, 1998). Because of the fact that traf-
fic situations differs so much, it is difficult to find one general work process 
or technical solution for traffic control systems, user interfaces, decision 
support tools etc, which is optimal in all situations. The demands for effec-
tive technical support may require that a technical solution to some degree is 
optimized for the individual situation. This means that in the future we have 
to more consider differences in situations, requirements and solutions when 
new traffic control systems are being developed. 
 
We are looking forward to follow the STEG project that just has been initi-
ated by Banverket, the Swedish National Rail Administration. Following this 
project, it will give us both the possibilities to experience how our concepts 
and solutions will function in real applications and, of course, the possibili-
ties to perform real evaluations of how the systems work and how the train 
dispatchers are supported in their complex tasks. 



Control strategies for managing train traffic - difficulties today and solutions for the future 

30 

8 References 

Andersson, A.W., Frej, I., Gideon, A., Hellström, P. & Sandblad, B. (1997) 
A systems analysis approach to modeling train traffic control, World Congress 
on Railway Research, 16-19 November 1997, Florence, Italy. Proceedings vol-
ume C, pp. 673-679. 

Bannon, L. (1991). From Human Factors to Human Actors: The Role of Psychology 
and Human-Computer Interaction Studies in System Design. In Greenbaum, J. 
& Kyng, M. (Eds.) Design at Work: Cooperative Design of Computer Systems. 
Lawrence Erlbaum Associates, Hillsdale, New Jersey, pp. 25-44. 

Billings, C.E. (1997) Aviation automation, the search for a human-centered ap-
proach. Lawrence Erlbaum, Mahwah, NJ 

Bødker, S. & Iversen, O.S. (2002). Staging a Professional Participatory Desing 
Practice – Moving PD beyond the Initial Fascination of User Involvement. In 
Proceedings of NordiCHI, October 19-23, Aarhus, pp. 11- 18. 

Endsley, M. R. (1988). Design and evaluation for situation awareness enhancement. 
Proceedings of the Human factors society 32nd annual meeting (pp. 97-101). 
Santa Monica, CA: Human Factors Society  

Endsley M.R. (1996). Automation and situation awareness. In R. Parasuraman & M. 
Mouloua (Eds), Automation and Human performance: Theory and applications 
(pp. 163-181). Mahwah, NJ: Lawrence Erlbaum. 

FTTS (2000). Rapport 6 Kommunikation mellan TLC och omgivningen. Available 
at: http://www.it.uu.se/research/project/ftts/reports/FTTS6.pdf (download date 5 
May 2006) 

Greenbaum, J. & Kyng, M. (1991). Introduction: Situated Design. In Greenbaum, J. 
& Kyng, M. (Eds.) Design at Work: Cooperative Design of Computer Systems. 
Lawrence Erlbaum Hillsdale, N.J., pp. 1-24. 

Gulliksen, J., Göransson, B., Boivie, I., Blomkvist, S. Persson, J. & Cajander, Å. 
(2003). Key principles for user-centred systems design. Behaviour and Informa-
tion Technology, 22 (6), pp.397-410. 

Hellström, P. (1998) Analysis and evaluation of systems and algorithms for com-
puter aided train dispatching. Licentiate Thesis. Systems and Control Group, 
Uppsala University 

Kauppi A., Wikström J., Sandblad S., Andersson A.W. (2006) Future train traffic 
control: control by re-planning. Special issue of International Journal of Cogni-
tion Technology and Work (IC-CTW), 2006, 8: 50-56  

Lee, M. T., (2004). Visualizing Railroad Operations: A Tool for Traffic Planners 
and Dispatchers. Presented at Railroad Dispatching Operations: Putting Re-
search into Practice, September 30, 2004, Scottsdale, AZ. 
http://www.volpe.dot.gov/opsad/docs/railtrafpln-091404.ppt (download date 
April 27, 2006) 

Makkinga, F. (2004) A new user interface for the train traffic control system. In: 
Allan, J., Brebbia, C.A., Hill, R.J., Sciutto & Sone, S. (eds) Computers in Rail-
ways IX, Dresden. WIT press, Boston, pp 725-732 

Mashour, M. (1974). “Human Factors in Signaling Systems: Specific Applications 
to Railway Signaling.” Stockholm: Almquist & Wiksell. 1974. 

Olsson E., Johansson N., Gulliksen J., Sandblad B. (2005). A Participatory Process 
Supporting Design of Future Work. Technical report 2005-018. Department of 
Information Technology at Uppsala University, ISSN 1404-3203 



PAPER I 

31 

Lenior, T.M.J. (1993). Analyses of cognitive processes in train traffic control. Ergo-
nomics 36(11): 1361-1368 

 
Roth, E.M., Malasch, N., Multer, J., & Coplen, M. (1999). Understanding how train 

dispatchers manage and control trains: a cognitive task analysis of a distributed 
team planning task. Procedings of the Human Factors and Ergonomics Society 
43: 218-222 

Sandblad B., Andersson A., Jonsson K-E., Hellström P., Lindström P, Rudolf J.,   
Storck J., Wahlborg M. (2000) A train traffic operation and planning simulator. 
In: Allan J., Hill R.J., Brebbia C.A., Scuitto G. & Sone S. (eds) Computers in 
Railways VII, Bologna. WIT press, Boston, 241-248. 

Wagner, Eric. (1994). System Interface Design, A broader perspective. Studentlit-
teratur, Lund, ISBN 91-44-35781-8. 

Wikström J., Kauppi A., Andersson A.W., Sandblad B. (2006). Designing a graphi-
cal user interface for train traffic control. Technical report 2006-25. Department 
of Information Technology at Uppsala University. ISSN 1404-3203. 



Control strategies for managing train traffic - difficulties today and solutions for the future 

32 

 


