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Abstract

Train traffic in Sweden have increased over the last years and is today at an
all time high. At the same time demands for improved punctuality and better
predictability are increasing. If it would be possible to improve punctuality
and thereby the possibility to use the infrastructural resources more optimally by providing improved systems for controlling train traffic, this could
be a very cost efficient way to improve the train traffic.
This thesis addresses research with a primary goal to investigate how, from a
Human-Computer Interaction perspective, systems could be designed to
better support the human’s capacity and capabilities to control train traffic in
an efficient way. Earlier research on humans in control of complex systems
contributes to this work. One important part of the research is to gain knowledge on how train dispatchers perform their work today and which difficulties that exist. The research has a user centered approach. In close cooperation with train traffic professionals we try to discuss and develop solutions for improving the situation Since the project started in 1996 proposals
of new strategies for control and also solutions for how such a system can be
designed have been developed and to some extent evaluated.
The Swedish National Rail Administration (Banverket) is now planning to
build an operative control system based on control strategies and ideas from
this research project.

Sammanfattning

Mängden tåg som trafikerar befintlig järnväg ökar. Samtidigt ökar kraven på
punktlighet och förutsägbarhet inom tågtrafiken. Om det vore möjligt att
förbättra punktligheten och därmed möjligheten att utnyttja järnvägen mer
optimalt genom att tillhandahålla bättre system för tågtrafikstyrning så vore
det ett mycket kostnadseffektivt sätt att förbättra tågtrafiken.
Denna licentiat avhandling tar upp forskning som har som huvudmål att
undersöka hur man från ett människa-datorinteraktions perspektiv kan skapa
system som bättre stödjer människans möjligheter och förutsättningar att
styra tågtrafik på ett effektivt sätt. Tidigare forskning kring människans roll i
styrning av komplexa system bidrar till detta arbete. En viktig del i
forskningen är att förstå hur fjärrtågklarerna utför sitt arbete idag och vilka
svårigheter som finns. Utgående från detta försöker vi sedan i nära
samarbete med fjärrtågklarerare och tågledare diskutera och ta fram förslag
för hur situationen kan göras bättre. Under projektet som har pågått sedan
1996 har förslag på nya sätt att styra tågtrafiken och även förslag på hur
designen av ett sådant system tagits fram och delvis utvärderats. De
styrprinciper som föreslås ska bättre stödja möjligheterna att arbeta
förebyggande för att undvika vissa typer av problem och förseningar.
Nu står Banverket i begrepp att inom kort bygga ett styrsystem som baseras
på de styrprinciper och ideer som tagits fram inom denna forskning.
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Outline of the thesis

This thesis consists of a summary of my research followed by three papers.
The summary is comprised of the following chapters:
Chapter 1 provides an introduction to the work domain that has been studied, the major problems of that domain today and the objective of this research.
Chapter 2 contains interesting facts about the railway history in Sweden,
how it is today and the scientific background of this research.
Chapter 3 provides some short comments on research that are related to the
research that I am involved in.
Chapter 4 describes the methodological research approach and the way the
research has been performed.
Chapter 5 presents’ results derived so far from the project and my research.
Chapter 6 discusses the findings
Chapter 7 sets the direction of future research

Paper I discusses the control strategy used and the difficulties inherited
from the current way of controlling train traffic. A new more proactive control strategy is proposed – control by re-planning. I had the main responsibility for writing this paper.
Paper II discusses a way to design a graphical user interface that supports
the suggested control strategy. My contribution to this paper is primarily the
participation in activities concerning analysis, design and implementation of
prototypes presented in the paper.
Paper III presents the results of a case study (three minor studies) on the
proposed control strategy for train traffic control. Planning for the study was
undertaken by all of the authors. Implementation of necessary prototype
software and also execution of the study and analysis of results was a shared
responsibility between me and Johan Wikström. I had the main responsibility for writing this paper.
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Terms and abbreviations

AEF Automatic Execution Function
ATP Automatic Train Protection
CATD Computer aided train Dispatching
ETCS European Train Control System, a signaling and control system designed to replace the several incompatible safety systems currently used by
European Railways
FTTC Future Train Traffic Control (in Swedish: Framtida TågTrafikStyrning) is the research project discussed in this thesis with the goal of finding
ways of improving the future work of controlling train traffic.
Graphical User Interface (GUI ) - is a representation that allows someone
to interact with a computer (or system) through a metaphor of direct manipulation of graphical images and widgets in addition to text.
HCI Human-Computer Interaction
ISO International Standardization Organization
Prototype In this thesis the term is used to describe a design representation
of a product or an aspect of a product.
SIGCHI Special Interest Group on Computer-Human Interaction
SIMSON A name for the software prototype(s) developed in the FTTC research project.
STEG – (in Swedish: Styrning av Tågtrafik via Elektronisk Graf) The name
of a project initiated by the Swedish National Rail Administration with the
goal to implement an operative control system based on control strategies
and ideas from the FTTC project.
TOPSIM Train traffic Operation and Planning Simulator
Train Dispatcher – individual responsible for controlling train traffic

1 Introduction

Today computers and information technology are used in some form in most
professions. It has become more apparent that usability of computer systems
has not been advancing in the same pace as technology itself. Poor systems
usability decreases satisfaction and efficiency of work and in some cases it
can even be physically harmful to its users.
In my research I have studied decision making and human control of complex systems. In particular the focus has been on train traffic control from a
human factors point of view, how it is performed today and how it can be
improved. Much like air traffic control, train traffic control is performed
from control centers, where train dispatchers monitor and control the traffic.

Figure 1. A train dispatcher at work in the Stockholm train traffic control centre.

My motivation comes from an interest to learn more about how working
professionals really can get the support from technology that they need. The
common consensus at the department of Human-Computer Interaction at
Uppsala University is that in order to develop efficient, usable systems it is
necessary to involve users into the development process and to acquire an indepth knowledge about the intended users and their work tasks.
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1.1 The problem
Historically traffic control was performed locally, at train stations. Today the
control functionality have been centralized and moved into train traffic control centers. The control concepts and strategies used in control centers are
basically the same as when Swedish centralization started out in 1954. Still
traffic is controlled by controlling the technology (signals and switches etc).
Over time however, the number of information systems used in the work has
grown and automation has been introduced. Workstations today consist of
several separated information systems. The separation of decision relevant
information leads to increased cognitive workload. There is little support to
work in a preventive way and dispatchers are thereby often restricted to
solve problems as they occur. This may then result in unnecessary long delays and decreased timeliness in the train traffic.
Automatic (support) systems for traffic control are not predictable enough to
the dispatchers, because of their internal complexity. Automates can cause
automation surprises by performing control actions in ways that contradict
the dispatchers mental traffic plan. Bainbridge (1983) called it the irony of
automation, that when workload is highest, automation is of the least assistance. To avoid automation surprises during disturbed situations, train dispatchers are often forced to take full control by inhibiting all automatic functions in the “disturbed” area and solve the disturbed situation “manually”.
Billings (1991) reports that the probability of human failure in monitoring
automation increases when operators are not alert to the state of the automation.
During severe disturbances the traffic control system does not provide the
train dispatcher with adequate information and tools to allow efficient management of the traffic. The information required by the human operator to
make high quality decisions is often missing or are outdated. As a result of
this, intense manual control and oral communication induce high workload.
The high cognitive workload and the time pressure make it impossible to
perform optimal planning and efficient control of the traffic. The result is
that the dispatcher might resign to only finding and performing merely working solutions.
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1.2 Research objectives
The main research objective has been to find principles to help improve the
work of controlling train traffic in terms of efficiency and increased systems
usability. In more detail, the research work has tried to answer the following
questions:
• How is train traffic controlled today from a human factors point of
view?
• What are the train dispatchers (users) needs and requirements when
controlling train traffic?
• How well do current control systems support these needs?
• What can be done to solve difficulties present today in the train
dispatchers’ work?
• How can new control systems be designed to better support the
train dispatcher’s needs, capacity and capabilities?
• How can new solutions for improved control principles, technical
support systems and user interface design be evaluated?

1.3 Scope and limitations
The research performed in the FTTC project focuses on the train traffic control professionals work domain and the context of performing train traffic
control in Sweden. The organizational aspects have been studied to some
degree. More in-depth research however is required regarding the train dispatchers work together with other train traffic professionals such as train
drivers, informants, long and short term traffic planners, infrastructure maintenance etc.
In railway, safety issues are important. During this research safety issues
have not been in focus. We have chosen to assume that the safety systems
(ATP etc.) and regulations will still be applicable much in the same way they
are today even if new control concepts are introduced.
The research is about how traffic control can be improved in the future and
we have not restricted our proposals to only take into account technology
used in Swedish railway today. We have assumed i.e. that in the future, information of high definition regarding train position, speed and acceleration
etc. will be available.
11

2 Background

In 1996 The Swedish National Rail Administration and the department for
Human Computer Interaction at Uppsala University initiated a research project with the goal to acquire more in-depth knowledge regarding the train
dispatchers’ work. This knowledge was desired in order to make better requirement specifications for building new train traffic control systems. Later
on research objectives also included the goal of finding solutions for how
difficulties of traffic control today might be solved in future train traffic control systems.

2.1 Swedish railway history
In the early 1800s Swedish communications expansion focused largely on
building more canals such as Södertälje canal, Hjälmare canal, Strömsholm
canal and Göta Canal. Tracks were invented long before locomotives and
initially they were used for horse drawn transportation. In Sweden the first
outdoor track was built between Höganäs and a nearby port in 1798. Transportation of goods was mainly done on water or by horse carriage. The combination of horse railways and transport on water (or in winter, ice) made it
possible to transport goods throughout the year. During the 1840s the pros
and cons of having railways in Sweden was fiercely debated. People were
afraid that sparks from the trains would start fires and that livestock would
be scared into panic, but worst of all was that the railway could open up the
way for industrialization something that surely would have a very negative
effect to society as it was known.
Before the railway existed traveling was comparatively slow, the most common way to travel was by walking. Approximately it takes one hour to walk
only five kilometers. It was also possible to travel by horse coach but this
was expensive and still very uncomfortable since roads where in poor condition. A journey from Stockholm to Malmö would take some eight days to
complete by coach. In 1864 when the southern main railway line opened,
this journey would now be possible to undertake in only 19 hours, indeed a
great revolutionary in transportation. All of a sudden it was possible to
transport yourself far distances in a very short time. It was now possible to
undertake journeys that previously had not been feasible in practice. New
12

towns and villages grew up along the railroad. Some examples are Alvesta,
Eslöv, Flen, Hallsberg, Hässleholm, Katrineholm, Nässjö, Vislanda etc. Being employed at the railway was sought after and something to be proud
over. The railway also brought with it the need for common time; finally
time would be the same all over Sweden.
Sweden has always been rich in natural resources, a lot of which exists in the
northern part of the country. The railway has played a fundamental role during the industrialization of Sweden; and in shaping the country into what it is
today. With growing numbers of trains running on the railway the need for
train traffic control grew. Whenever a train station was open there would be
a train dispatcher on duty. The train dispatchers were responsible for the
safety at the station. Before a train is allowed to leave the station the train
dispatcher had to telegraph (or later call) the next station to confirm that the
track was not in use. A note of this train request was documented at both
stations. When this was done the train dispatcher at the departure station
signaled the train driver that everything was ready for departure. Semaphores
on high poles at station entrances were used to protect the station by always
signaling stop, except when a train was let in to the station area. The fact that
train dispatchers worked at each station led to sub-optimization of the train
traffic, they could not always be fully aware and adjust to the surrounding
traffic. The need grew to be able to control traffic whilst over-viewing a
larger control area at the same time.
In 1954 Sweden built its first centralized system for train traffic control
between Ånge and Bräcke. Using the
keys on the desk the train dispatcher
was able to control signals and
switches. He monitors the traffic,
decided on in which order trains
would run and where they would
meet. Using the phone he kept in
contact with the train drivers and
also train dispatchers at the bounda- Figure 2. The original centralized traffic
control system in Ånge now on display
ries of his control area.
at the Swedish Railway Museum.
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Year
1853
1856
1870
1879

1910
1918
1938
1939

1942

1950

1955

1970-

1988

1996
2000
2004
2006
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The Swedish government decides that the state will build a
Swedish main land network.
At 10.50, the 5th of March. Sweden’s first railway is now open
for traffic between Örebro and Nora
2000 km of railway line
The Swedish railway introduced common time at all railway
stations. Eventually this was adopted in the rest of Sweden.
Time was soon the same all over Sweden.
12 000 km of railway line
The worst railroad accident in Sweden occurs at Getå. The
train from Malmö to Stockholm de-rails and 41 people died.
16 886 km of railway line
The Swedish government votes for nationalization of privately owned railways. In total some 7000km between 1940 1950 becomes nationalized.
The main line network is finally electrified and electric locomotives can run from Trelleborg in south to Riksgränsen in
the North. All in all the longest (2000km) stretch of electrified
line in the world at the time
Approximately 64 500 were employed at the railway. It was
the largest governmental employer. Only 2400 of those employees were women.
Sweden’s first centralized train traffic control system was
introduced. All train traffic between Bräcke and Ånge could
now be controlled by a single train dispatcher.
ATP, Automatic Train Protection (called ATC in Sweden) is
introduced almost all over the country and Swedish railway
becomes one of, if not the safest railway in the world.
SJ (Statens Järnvägar) is divided into two parts. SJ keeps the
responsibility for running traffic and the Swedish National
Rail Administration that becomes in charge of the railway
network
10 000 km of railway line
Öresundsbron between Sweden and Denmark is built.
Decision is reached regarding investments of 107.7 billion
SEK up to year 2015
The Swedish railway celebrates 150-years anniversary.

2.2 Swedish railway today
In comparison to many other European countries Sweden is a sparsely populated country with large distances. In Sweden there are 8148 kilometers of
single track line and 1734 kilometers of double or multiple track line. The
Swedish National Rail Administration is a state authority with responsibility
for construction, maintenance and management of the railway infrastructure.
Responsibilities include planning for, and control (signaling) of train traffic.
There are several train traffic operating companies running traffic on the
railway, e.g. SJ AB, Connex Sverige AB, Green Cargo AB, Svenska Tågkompaniet AB. Railway transportation is mixed with passenger traffic and a
large amount of freight transportation. According to Banverket (2004) the
total passenger transport performance on the railways in Sweden amounted
in 2003 to 9.1 billion passenger-kilometers or 148 million railway passenger
journeys. The grand total of all goods transported during the same year, 2003
was 20 billion ton-kilometers or 58 million ton. Both passenger and freight
transportation on railway is today at an all time high.
Train traffic is mainly controlled by train dispatchers located in train traffic
control centers. There are eight centralized train traffic control centers in
Sweden today:
Location
Boden
Ånge
Gävle
Hallsberg
Stockholm
Norrköping
Gothenburg
Malmö

Control system
Argus
JZA 11
TMS
TMS
Ebicos900
Ebicos900
Ebicos900
Ebicos900

The nature of traffic may be very different depending on which railway line
that is concerned, the intensity of traffic, mix of passenger and freight trains
varies etc. Since the traffic conditions vary, the work of controlling the traffic may also differ depending on which control area is considered.

15

2.3 Theoretical background
My educational background is of typically technical nature with a Masters of
Science degree in Information Technology Engineering. Within traditional
natural sciences such as engineering etc. it is common to have a positivistic
perspective, approaching problems that are possible to solve, problems for
which there exists logically exact and clear answers. This is not the case
when approaching problems from the Human Computer Interaction point of
view. Meaningful answers can usually not be derived from quantitative
measures (e.g. numbers and formulas) but rather through qualitative measures or if possible, a combination of both.
Human Computer Interaction
‘Human-Computer interaction is a discipline concerned with the design,
evaluation and implementation of interactive computing systems for human
use and with the study of major phenomena surrounding them.’
(ACM SIGCHI Curriculum Development Group, 1992, section 2.1)
By tradition technological development has been closely connected to research disciplines within the natural sciences. Technicians and engineers
design and build machines and technology without acquiring sufficient
knowledge about those who are supposed to use the technology. As a result
of this, there is an increased risk that projects cost more and that the final
system or technology becomes less effective than it would have to be. Inferior systems may even cause direct physical problems to their users. One
reason for these failures is that there is a lack of adequate knowledge about
the users and the context in which the technology will be used. The aim of
the discipline of Human-Computer interaction is to come to terms with; and
solve these problems.
Within HCI there is a big difference between basic fundamental research and
applied research. At the department of HCI at the institute for Information
Technology, Uppsala University the main focus is on performing applied
research on issues concerning complex systems for medical healthcare, train
traffic control, the train driver environment and high speed ferries etc.
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Figure 3. The scope and content of Human-Computer Interaction according to ACM
SIGCHI Curriculum Development Group (1992)

The HCI discipline provides knowledge and methods required to be able to
create useful and interactive systems. Usability is a key-word and a main
goal within the HCI community.
The ISO definition of usability is:
‘The extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified
context of use.’ (ISO 9241-11 1998)
HCI is a relatively new discipline and the concept of Human-Computer interaction was introduced in the mid-eighties according to Gulliksen and
Göransson (2002). This is around the same time that personal computers
were starting to be used more commonly and not only by people with high
interest in technology. The related concept of Man-Machine interaction
however could be said to have been in focus since the seventies. HCI is still
a discipline under evolution. As a consequence of this, ways of choosing,
approaching and reasoning about research problems may differ between
different researchers. The basic goal of the research however is in common,
to contribute to increasing usability of systems.
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Interdisciplinary research
In Human-Computer interaction based research it is common that several
areas of science are represented or at least reflected upon. Computer science
provides knowledge about; and possibilities with technology. Psychology
contributes to understanding of mental processes and the human behavior
derived from those processes. Cognitive science deepens our knowledge
about human capabilities and limitations. Sociology and Anthropology helps
in understanding interaction, work and organization. Design is nescessary to
create interactive technology. Ergonomics is required to create systems that
suit the physics of the human. Etc.
It is common that systems and technology with low usability often is turned
over to the users, since professionals involved in the system development
process most of the time has technically oriented background and rarely has
the knowledge or experience required from these areas.
The research area of Human-Computer interaction is dependent on an interdisciplinary (or multidisciplinary) approach in order to fully explore a research problem and produce good results. It is imperative to try to review
and explore the research problem from several directions. Multidisciplinary
research is when people from different disciplines acts within their own discipline to solve an in common research problem. Interdisciplinary research
on the other hand requires that the researcher or researchers work more
closely, integrating and adopting theories and methods from other research
disciplines. Svedin (1999) points out that a problem within one discipline,
can find its solution with the aid of methods inspired from other disciplines.
To evaluate existing IT-systems it is common that methods and approaches
used are incorporated from or inspired by several scientific disciplines.
Methods used may be altered to better suit the objective of the researchers.
Alteration of commonly accepted methods and analysis approach may disturb researchers from individual research disciplines, but are sometimes crucial to make in order to successfully further the research from the HCI point
of view. The FTTC project has an interdisciplinary research approach. The
benefit of that is that we can maintain a more integrated research perspective.
To analyze and evaluate systems that are available and in use today it is
most often possible to use existing methods developed within the HCI community or derived from other research disciplines. The final goal is often to
find solutions to problems that exist today. How can evaluation of these suggested solutions be performed? How do you in a scientific way validate a
proposed IT system that is not in use in reality? This is a dilemma and there
is a risk that the results from a scientific point of view lack in validity. How
do you evaluate the benefit of a proposed IT system that do not exist and that
18

may be extremely expensive (in terms of money or safety) to create and
evaluate in a real work environment? The obvious alternative is to artificially
simulate the proposed solutions and perform evaluation using that simulated
environment. However, the simulated environment provides answers that are
true only in that particular environment. Even if answers only can be certain
to be applicable in the environment that they have been tested in they may
still provide good indications on how suggested solutions would work in
reality.
Control Theory
Control theory originates from the fields of engineering and mathematics
and was initially used for studying process control in dynamic systems.
Studying human decision making, Brehmer (1992) states that Control Theory is very valuable, but mainly as a metaphor. He regards the most useful
aspect of Control Theory to be the four general conditions necessary for
control of any system, regardless if control is exercised manually or automatically:
Goal

Model

Control

Observe

Dynamic Process
time

Figure 4. Control Theory - The four conditions for achieving control (GMOC).

1. Goal - there must be clear goals
2. Model - There must be a model (or mental representation) of the
system
3. Observeability - it must be possible to ascertain the state of the
system
4. Controllability - it must be possible to affect the state of the system
The process controlled (in figure 4) is typically dynamic in its nature, which
means that it is a process where changes spontaneously may occur over time.
Control actions do not only affect the process state at the moment but also in
the future. In the FTTC research project our use of control theory is based on
Brehmer’s thoughts that these four conditions can be used to analyze and
describe human control of complex systems. These four conditions that are
more thoroughly described in PAPER I, have been used as a conceptual
framework for in a structured way, describing, analyzing and designing for
control work of complex dynamic systems.
19

3 Related research

Research performed on train traffic control and the work of train dispatching
from a human factors point of view is limited.
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 proactive planning 20-30 minutes 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. Today train traffic controllers in Sweden sometimes use
track-occupancy graphs on paper as support when controlling large and
complex stations (e.g. Stockholm central train station).
Lenior (1993) studied cognitive processes with Dutch train traffic dispatchers (signalers) and experienced that they tend not to plan ahead because of
both the complexity of the network and the risk of change. As a result their
actions were mainly reactive rather than proactive, leading to a loss of the
enhanced effectiveness normally possible when decision making involves a
planning approach. On the other hand Roth (1999) performed Cognitive
Task Analysis on train dispatchers in USA and found that they did plan
ahead. In Sweden train dispatchers do plan ahead, a tool used to aid the
planning process is the paper based time distance graph. It is however important to realize that the plan, since stated only on paper, is the property of the
train dispatcher. The control system is not automatically made aware about
the plans and consequently cannot automatically comply with that plan.
Lee (2004) presents a computer based time-distance graph for traffic planners 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.
Several research projects have studied algorithms for optimizing train traffic.
Hellström (1998) concludes that it is difficult, if not impossible to use optimizing algorithms to completely automate Swedish train traffic control due
to the complexity of Swedish train traffic. Instead the direction of the FTTC
20

project has been to support the human operator as much as possible. However, we do not exclude that algorithms may be useful to some extent, incorporated into decision support tools providing information to the train dispatcher.
There is much research, experiences and knowledge reported from other
areas such as air traffic control, control of nuclear power plants, etc., that
have been of interest for our research. One example is Endsley’s work on the
concept of Situation Awareness. Endsley (1988, 1996) defined Situation
Awareness as ‘the perception of elements in the environment within a volume of time and space, the comprehension of their meaning and the projection of their status in the near future’. In the FTTC project we have considered this definition when developing design solutions for proposed control
strategies. In the graphical user interface (see Paper II) we visually present
history – how traffic actually went, now - the current state of the traffic process and future – the traffic plans and prognosis for how traffic probably will
perform given the current traffic situation.

Lack of research
Most of the research performed on train traffic control has had focus on optimizing train traffic with the aid of algorithms. Both internationally and in
Sweden there has been a lack of research concerning usability and effectiveness of train traffic control systems in use today but also how the situation
can be improved.
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4 Methodological approach

The purpose of the research is to; based on acquired knowledge about the
current state, change and improve the situation. Both quantitative and (with
emphasis on) qualitative measures have been used to acquire data.

4.1 Action research
Action Research emerged prior to; and during the Second World War with
its roots in social psychology. Lewin (1958) wrote that, if you want to know
what things are, try to change them. According to Lewin (1946) the intent of
Action Research is to provide a framework for qualitative investigations of
complex work situations. Researchers would study social contexts and processes by participating and manipulating - introducing an action - to that
process. The action introduces some change to i.e. a work situation and research then enhances understanding of that work situation. The focus between action and research can be balanced so that it fits the aim of the researcher. In applying action research there is four major phases (Masters
1995) that are iterated: planning, acting, observing and reflecting.

Plan

Act

Reflect

Observe

Figure 5. The four stages of the iterative process in Action Research

There are several definitions but Kemmis and McTaggert (1990) defines
Action Research as: ‘a form of collective self-reflective inquiry undertaken
by participants in social situations in order to improve the rationality and
justice of their own social or educational practices, as well as their understanding of these practices and the situations in which these practices are
carried out’
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Due to the fact that the FTTC research is concerning a safety critical environment, introducing “actions” into operative train traffic control cannot be
done easily. Actually, its not until now when the Swedish National Rail Administration have decided to implement an operative train traffic control
environment that we will get the opportunity to perform research on a system based on new ideas from the project in its real environment. The research work so far have had to stay out of the operative environment and
instead ideas and suggestions have primarily been analyzed thoroughly in
workshops with practitioners using offline prototypes, picture mockups etc
as cues for discussion.

4.2 User Centered System Design
User Centered System Design can be considered to be an approach to development of systems in practice. Preece, et al. (1994) defines user centered
system design as ‘an approach which views knowledge about users and their
involvement as a central concern’. A definition of the term user according to
ISO 9241-11 (1998) is that a user is a ‘person/individual who interacts with
the product/system’.
USCD is a process with the focus on usability during the entire development
process and further throughout the systems life cycle. According to Gulliksen et al. (2003), USCD is based on the following key principles; key principles which we subscribe to and try to work by:
• User focus - the goals of the activity, the work domain or context of
use, the users’ goals, task and needs should early guide the development.
• Active user involvement – representative users should actively participate, early and continuously throughout the entire development
process and throughout the system lifecycle.
• Evolutionary systems development – the systems development
should be both iterative and incremental.
• Simple design representations – the design must be represented in
such ways that it can easily be understood by users and all other
stakeholders.
• Prototyping – early and continuously, prototypes should be used to
visualize and evaluate ideas and design solutions in cooperation
with the end users.
• Evaluate use in context – base lined usability goals and criteria
should control the development.
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• Explicit and conscious design activities – the development process
should contain dedicated design activities.
• A professional attitude – the development should be performed by
effective multidisciplinary teams.
• Usability champion – usability experts should be should be involved early and continuously throughout the development lifecycle.
• Holistic design – all aspects that influence the future use situation
should be developed in parallel.
• Process customization – the user-centered systems design process
must be specified, adapted and/or implemented locally in each organization.
• A user centered attitude should always be established.
Contextual inquiry
Prior to my involvement in the research project much of the collection of
knowledge was done regarding the traffic control work as it is today. One
method used to do so was the use of contextual inquiry. Contextual inquiry
has its roots in Ethnography and is a type of combination of observation and
interview that takes place in the users work context. The user and researcher
participate to find and understand usability problems within the work environment of the user. Inquiries performed have produced massive amounts of
data in the form of transcribed notes. These notes may still be of value
whenever there is an issue that needs attention.
Workshops
Representative users have been actively involved in the research project
since the start. As described in PAPER I, a team comprised of train dispatchers, other train traffic control professionals and HCI researchers have met for
one day workshops on a monthly basis. The purposes of these workshops
have been to engage participants in activities of analysis, design revision,
evaluation and producing feedback into the iterative development process.
As an aid and visual cue, prototypes of different kinds have been used to
ease the individual reflection and communication between workshop participants.
Case studies
To get feedback and perform evaluation of control concepts and design issues beyond the people already familiar to the research, a case study (three
minor studies) has been performed. The way the case study was performed is
further presented in PAPER III. The case study involved the use of software
prototypes based on the new control strategy and scenario based tests.
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Prototyping
A prototype may be the initial implementation of a new product; it can also
be something much less advanced. In fact it can be anything from a drawing
on a paper to advanced computer software. Prototypes allow interested parties to interact with a vision of a more complete product in order to explore
an imaginary use and thereby gaining some important experience or understanding as a result. It could be said to be a design representation with limited functionality that allows users and researchers to interact with and explore its suitability for a certain purpose. The purposes for creating prototypes may influence which type of prototype that is built.
Prototypes can be useful from a variety of perspectives. A Prototype can
work as a visual cue during individual reflection or discussions in groups. It
communicates its purpose and functionality to those using it. It can be used
for testing and evaluation of certain aspects or ideas. By iteratively analyze
and revise through several versions it is possible to improve the product. The
more iterations the better the product will be in the end. Comparing prototypes with different alternative design representations is useful in concluding
which that provides the best solution to a specific problem. A prototype may
also serve as one important way of documenting design decisions. The activity itself of building prototypes helps in reflecting on the design. Less advanced prototypes have advantages of being less demanding to create and
thereby making it possible to evaluate more design concepts. The disadvantages are that they lack detail and are thereby limited in use. More advanced
prototypes can be time-consuming and expensive to build, but the can provide a more complete functionality and be more useful for in-depth testing of
design issues.
In the FTTC project prototypes of both low- and high-fidelity have been
used. Low-fidelity prototypes have usually been drawings of scenarios on
paper or a blackboard, after discussion prototypes have then been documented with digital cameras. High-fidelity prototypes implemented have
been detailed picture mockups created with computer software for illustration, to match the look of a final graphical user interface. To achieve understanding of the dynamic aspects of the proposed control concepts, software
prototypes have been developed. These prototypes are very powerful for
communicating the basic ideas of the control strategy and can also be used
for evaluation purposes.
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5 Results

Through the course of the research project knowledge has been acquired
about how train traffic control is being performed and what the difficulties
are today. Some of the problem present today are summarized below but
described in more detail in PAPER I.:
• Decision relevant information can be outdated or even missing.
• Poor precision in decision relevant information, i.e. train position
and speed.
• Decision relevant information is fragmented over several different
information systems and difficult to obtain.
• Poor control over, and difficulties to observe the state of automates.
• Automates are not of any support when support is needed the most.
In fact, during disturbed situations automates further contribute to
increase the train dispatchers cognitive workload. If not turned off,
automates may perform control actions that contradict the dispatchers intentions.
• Time consuming communication with train drivers etc.
• Focus of control is on a technological level.
• Poor support to work in a preventive manner.
• Poor overview in the time distance domain.
Based on results above, proposals of a number of potential improvements
have been developed. These solutions are discussed in PAPER I and PAPER
II and to some extent in Paper III. Solutions concern:
• A new control strategy (control by re-planning in Paper I) that better supports a proactive approach to controlling train traffic.
• A new approach to automation, which separates decision making
process from the execution of the decisions. The human is in full
control and solely in charge of making decisions. An automatic
execution function (AEF) can then execute those decisions if the
train dispatcher so desires.
• Integration of information. All decision relevant information will
be available in one unified graphical user interface.
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• Visualization of decision supportive information, e.g. visualization
of potential conflicts, displaying windows of opportunity for replanning train traffic etc.
• Shared knowledge between the train dispatcher, the system and surrounding stakeholders. Since plans for train traffic is incorporated
and continuously updated into the system by the train dispatcher,
both the dispatcher and the system will share the same view of
what shall be performed. Also traffic informants and dispatchers in
surrounding control areas will be aware of any changes in the plan
for traffic that affects them.
Basic principles and design guidelines that should be taken into consideration when building new train traffic control systems have been summarized
in PAPER II.
Examples on how the proposed solutions could be realized in a graphical
user interface have been produced. The results from this are explained in
PAPER II, but results are also embedded in; and visualized in design artifacts such as picture mockups and software prototypes.

Figure 6. A section of a graphical user interface design intended for an operative
control system in Norrköping
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See figure 4 and figure 5 in Paper II for an explanation of the basic layout.
The most important part of the proposed design solution is the computer
based time-distance graph. The graph presents the timetable and planned
track usage for each object using a certain resource for a certain time. It is
possible to interact with and update the traffic plan through this time distance graph.
A picture mockup of a graphical user interface design, intended for an operative test environment in Norrköping train traffic control center can be found
in Appendix 1.
A scaled down version of the software prototype SIMSON can be tried out
on-line at: http://www.it.uu.se/research/project/ftts/. This prototype is powerful for those interested in understanding the basic control strategy.
Evaluation of decisions on functionality and design has been a part of the
continuous process (USCD) of iteratively going through the cycle of analysis, design, evaluation and feedback in close co-operation with train dispatchers. Apart from evaluation performed within the project group and the
team participating in workshops, the control concept and software prototypes
has also been initially tested with satisfactory results. In Paper III, a series of
studies performed at three different train traffic control centers are presented.
Over all of the years that this research has been in progress we have not been
able to find any reasons or indications to why the proposed solutions would
not be useful or work in reality.
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6 Discussion

As far as gathering knowledge and gaining understanding for the train traffic
control work today the FTTC project have reached its goal. It is always possible to learn more and go further into detail. Working in close cooperation
with train traffic control professionals allow us to acquire information on
details that may have been overlooked earlier. It also reduces the risk of
missing important aspects and details of the work. New ideas for improvement are continuously introduced and iteratively developed further in workshops with train traffic control professionals.
Initial studies in Paper III show promising results. Control strategies have
also been thoroughly evaluated through discussions between train traffic
control professionals and the researchers from the HCI department at Uppsala University over a period of many years. We have not found any reasons
as to why the proposed control concepts would not be useful or work in reality. However, the proposed functionality and design of the user interface
may not be optimal for control of large complex stations (i.e. Stockholm
station). More research regarding this is necessary and the functionality and
design may need to be complemented with a track occupancy graph or other
tools for planning and control, specialized for this particular control context.
It is important to point out that the proposed control strategies and user interface designs have not yet been tested in a real-life operative train traffic control setting. The results derived from the methods used in the research can
provide good indications of how it will work, but to be certain, evaluation of
usability aspects should be performed in a real setting with all the complexity inherited from that.

6.1 Reflections on research approach
User involvement
We would not have come to the results and conclusions we have, unless we
had been working as closely to train traffic professionals as we have. They
possess experience and knowledge about the railway that have been of crucial importance for the FTTC project.
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Prototyping
Picture mockups have been generated with illustration software to look like a
final graphical user interface. They have served as one very valuable way of
documenting design decisions. They have also been very useful as visual
cues as a base for discussions in workshops during the iterative development
process. Using pictures have helped to keep the workgroup focused during
workshops, addressing one target problem at a time without losing grip of
the whole concept. The greatest disadvantage of using picture mockups has
been that they are static in their nature and cannot clearly communicate important dynamic aspects.
Dynamic (software) prototypes produced are superior to the picture mockups
for communicating the control concepts to uninitiated stakeholders and help
them to gain understanding. The prototypes implemented can be used to
perform evaluation at a basic level. They are however, much too incomplete
in functionality to simulate a real work situation accurately. The use of this
more advanced kind of prototype suffers from the fact that it takes more time
and resources to implement. In our case emphasis in the beginning was high
on achieving accurate train movement simulation, something that I now believe may not be necessary to have in order to get answers to the questions
we are asking. Different software prototype setups with different purposes
have been tried out during the project.
• Laboratory train traffic control environment.
• Graphical user interface on regular computer.
• Internet- or web-based software prototypes.
They each have their pros and cons. One aspect that has become dominant is
the possibility to bring the test environment to the test participants. Using
portable test equipment allows us perform tests at traffic control centers and
thereby being able to increase the number of participants in the test. Now we
also see the need for more extensive training periods prior to testing. Prototypes that are available via browser through Internet can be used to fill that
need for training.
All the variants of prototypes fulfill their own purpose and have been indispensable. But, there is gap between picture mockups and implementing advanced software prototypes. Probably the prototyping process would benefit
from using some technique that makes it possible to combine graphical illustration with dynamic motion and interaction abilities without writing software code.
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6.2 Application of results
The Swedish National Rail Administration has now initiated a project called
STEG (STyrning via Elektronisk Graf, in Swedish), which can be translated
to Control by the use of an Electronic Graph. The goal is to build an operative control system based on control strategies and ideas derived from the
FTTC research project. The system will be used in Norrköping train traffic
control centre to control the single track lines between Järna - Åby and Flens
Övre - Oxelösund but also the double track line Katrineholm - Norrköping C.
Team members from the FTTC project participates by actively supporting
and transferring research results into the STEG project.
So far the initial work of performing a feasibility study and acquiring a requirement specification for the new system has been done. The control system will be available in a not to distant future. If the STEG system is successful, the Swedish National Rail Administration also has plans for a nationwide, more complete implementation of the control concepts – under the
project name STRATEG.
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7 Future research

Since the Swedish National Rail Administration is now acting towards procuring an operative environment based on ideas from the FTTC project a
unique opportunity provides itself. Now we will have the opportunity to
perform comparative studies, prior and following to the implementation of
the new control environment. Base line research on the affected control area
at the train traffic control centre in Norrköping will be performed prior to
implementation. Both qualitative and quantitative measures will be used to
gather data about all aspects of interest. This study will give us the opportunity to see how the proposed concepts work in reality and not only in a laboratory environment.
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Control strategies for managing train traffic
Difficulties today and solutions for the future
Arvid Kauppi, Johan Wikström, Bengt Sandblad and Arne W Andersson

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 objective 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 today. 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 disturbances 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 control strategy in combination with a new approach to automation, higher
availability of decision relevant information and new graphical user interfaces addresses many of the issues and problems found in the control environment 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 difficulties 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 today’s train traffic control principles and systems. Chapter 5 contains a description of the new proposed control strategy and the most important aspects, including consequences of the proposed solutions in terms of technological support, automation and decision support.
The Department of Human Computer Interaction at the Institute for Information Technology, Uppsala University, has together with the Swedish National 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 diagrams 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 station. 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 technical 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 replanning 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 dispatchers. Some additional research areas within the FTTC project concern communication between train dispatchers and their environment, e.g. train drivers.

1.1 Background
The Swedish National Rail Administration approached the HumanComputer 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 specifications 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 objective 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 designed 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 optimizing 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 dispatchers (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) performed 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 minutes 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 controllability model (GMOC), has its roots in Automatic Control but is also influenced by Control Theory as defined and used within psychology. In Automatic Control it is possible to define pure mathematical requirements for
control of a dynamic process based on goals, model, observability and controllability. 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 function of observability and possibilities for actions as properties of the controlled system. One main result of this research is the necessity of supporting
the human decision-making process with dynamic information.
5
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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 (controllability) 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, individual 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 organization.
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 behaviour 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 system and its user interface. The observability is what the operator is allowed
to observe through the interface. This is important for the operator’s possibilities 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 process, supports the understanding of the process.

Goal

Model

Control

Observe

Dynamic Process
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 requirements 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 included 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 communicate 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 assignment.

7
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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, Johansson, Gulliksen & Sandblad 2005). Bødker & Iversen (2002) has argued that
designers need time for reflection to develop their participatory work practices. The design process described here includes time for reflection on current work practices, on organization as well as work re-design and development 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 models, observability and controllability. The goal for this was to give the external project members a chance to gain more insight into the actual work processes, 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 meetings, the design experts analyzed and prepared information and prototypes
8
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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 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 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 interfaces by information integration and enhanced visualization. During this
work, and based on the earlier mapping of cognitive strategies, we understood that the information the dispatchers really used in the control process
was not included in the present system. They based their decisions on dynamic 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 technical infrastructure, and we started to develop more efficient systems to support such tasks. When we together analyzed how they were using the proposed new systems, we slowly realized that they actually did not aim at controlling 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 optimal solutions by real time re-planning of each trains traffic plan, and to
execute these plans. When we now radically changed the information presentation 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

9
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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 seldom 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 visualization and implementation of the design, but it is carried out in close cooperation with users.
The prototype development and evaluation has been a continuous ongoing
iterative process, where successive prototypes have been developed according to the ideas from the work group. These prototypes have been implemented 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 traffic control perspective. Conditions for train traffic control is based on technology 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 efficiently during disturbed situations. This knowledge about details is also important for optimizing train traffic during more normal conditions.

10
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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 conveys 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 workstations. 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 additional 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 information 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 actors, 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 dispatchers are often restricted to solving problems as they occur. When controlling 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. Presentation of information lacks dynamic information, information about the outcome of previous control measures taken and the potential future development 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 co12
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dependant components affecting each other. The train dispatcher has to interact and cooperate with other people within and outside of the control centre that also affects the traffic process. Difficulties presented below are organized 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 operative 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 unnecessarily 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 constructing knowledge increases cognitive workload and removes focus and capacity
from the real task of assessing the situation and deciding on suitable measures. Research and experience show that human abilities to maintain efficient 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 information 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 information 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 received 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
13
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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 provide 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 actions 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 development 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 sequence. Because of this automates used today is not practical to use during
disturbances since the situation may change quickly and accurate informa14
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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 optimal way and instead the train dispatcher often has to settle for merely working 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 development of new technology (ETCS etc) towards new information and user interfaces 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 position 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 utilize 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. Replanning 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 completely instead of spending time on solving problems once they have occurred. One goal with the proposed control strategy is to improve the process’s predictability. Presenting detailed and clear information helps in understanding and predicting what will happen in the future, so that no unnecessary 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 oriented level. Control by re-planning in combination with a new approach to
automation, enhanced availability, higher precision and presentation of deci16
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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 systems. 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 automatically issued by an automatic execution function in accordance to the valid
traffic plan. In some sense the train dispatcher re-programs what the automatic 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 activities should be carried out in the time and space domain. The most important 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. Having an in common plan for how traffic will be executed, opens up the possibility for improving the way automation is used, making it to execute what
the human have explicitly decided and thereby minimize the risk of automation 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 dispatchers 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 realtime.
• The possibility to test alternative solutions in advance
• Plan for optimal resource usage so that no deadlock situations occur.
• Plan and decide on time and track allocation for infrastructural repairs 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 resource 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 potential 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 improved information basis for the operator to make decisions regarding planning 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, affecting 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 station). It is possible to have two operators assuming one role each if the traffic 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 circumstances 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 allowed 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 setting 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 ensure 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
19
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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 allowed 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 automate 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 resource 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 transmission 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, monitoring difficulties, passive decision making, poor mental models and thus resulting 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 always 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 prepares, tests and reserves train routes manually as a part of handling the exceptions 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 decides 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 performed for a certain train by manually implementing control commands. In some cases this requires manual shutdown of the automatic 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 areas 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 discussed 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.

New user interface
Computer based
time-distance graph

Track diagram

Train
Dispatcher

Surroundings
Surroundings

Real-time database

Automatic
execution
function

Train Traffic Process

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 original, 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 graphical 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 information 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 planning 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 complete 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 available. 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 replanning the current traffic plan. With decision support we mean functionality that supports the train dispatcher. It is today not about advanced algorithms 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 updated 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 peo23

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

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 database 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: maintaining 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 executor role is more similar to how the work is performed today. The train dispatcher, acting in the executor role, performs necessary actions that via the
user interface are mediated into the traffic control system and out to the signaling 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 controlling train dispatcher, will affect how people cooperate. More detailed information regarding trains and their movements, and automated information
transfer to train drivers about why he has to halt at certain points, will probably decrease the need for oral communication. The work environment should
have a design that supports the proposed work in a good way. A special focus 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 information 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 order 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.
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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 personnel, 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 dispatcher 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 making. 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 communication is required. One example on underlying technology that can be
used for information exchange between dispatcher and driver is the SIRsystem, a GSM based radio communication link.
Restrictions known by the control system can be visualized in the user interface 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 performed 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 cognitive 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 surprises 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 resources that will be used by trains. The train dispatcher is in total and unthreatened 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 today should also be possible to control manually when using a future implementation 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 researchers. The group has been intact and active for several years, with regu27
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lar one-day meetings every month. During the time gap between group meetings, 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 recorded 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 number of other test variables for later analyzes. A portable variant of the prototype was implemented to facilitate the need to reach test persons more easily.
Studies have been performed with the aid of the portable prototype environment 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 control concepts, decision support systems and new sophisticated user interfaces. 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 improve 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 professionals 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 information 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 information today but without proper support, the situation can only be better if
the information actually is updated and available in an easy to obtain manner. 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 efficiently. 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 traffic 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 effective 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 initiated 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 possibilities to perform real evaluations of how the systems work and how the train
dispatchers are supported in their complex tasks.
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Designing a graphical user interface
for train traffic control
Johan Wikström, Arvid Kauppi, Arne W Andersson and Bengt Sandblad

Abstract
In 1996, on initiative of the Swedish National Rail Administration, a research 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 purpose 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, cognitive 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 decision relevant information into one unified interface and to support a continuous awareness of the dynamic development of the traffic process. A prototype 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 extensive 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 conducted 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 dispatchers 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 supporting 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 describing 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 supports 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
3
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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.
Information
Systems

Time-Distance
Time-Distance
Graph
Graphon
onpaper
paper

Train
Dispatcher

Surroundings
Surroundings

Control System

Train Traffic Process

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 dispatchers 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 technology 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 process.

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 becomes 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.
5
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The main control task will then be to perform continuous real-time replanning 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 situation 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.

New user interface
Computer based
time-distance graph

Track diagram

Train
Dispatcher

Surroundings
Surroundings

Real-time database

Automatic
execution
function

Train Traffic Process

Figure 3. A model of the new control strategy. A real-time database holds the current status of the entire traffic process as well as the current plan.

6

PAPER II

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 dynamic process controller. Luleå University of technology (LuTH) and Högskolan Dalarna (DU) have performed adjacent studies in this area. LuTH has
studied the working environment and DU has performed research in computer 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 traffic planning. Linköping University (LIU) does research on train traffic
safety.
In Europe, a great number of different systems are used for traffic management 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 system for train control, ETCS (European Train Control System) is now being
introduced.
From studies within other fields where operators monitor and control complex 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 exception handling. Thus, it is reflected by how the interfaces of the control systems 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 & Duijnhouwer, 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 continuously being aware of the current status of the process, a ”management-byawareness” 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 prototypes, 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 recommendations. It is necessary for both the designer and the system developer 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 (participatory 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-, motivational-, 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 defined 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 disturbances or other difficult situations. However, results from the contextual
inquires indicate that it is not always obvious to the train dispatchers themselves 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 informal 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 prototypes 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 resolution 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 discussed.
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 corresponded 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 possible 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 solution 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
10
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illuminate some of the main criterias on how to avoid problems when interacting 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 interface. 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 concentrate on the important control tasks without interruptions. Interruptions 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 controlling 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 operator’s attention. This is usually measured as cognitive load and occurs i.e. when operators have to perform calculations, making
judgments, etc. to understand the situation.
• Spatial confusion. Information should be found at the expected location and not moved around. When properly designed and presented, we humans can handle and interpret much information presented in parallel.
• Problem with time and space coordination. This happens i.e. when
using different scaling factors, not showing when data was recorded 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
11
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•

•

•
•

•

show the current state of a process, otherwise operators will be confused 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 presentation. 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 carefully 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 keyboard 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 interpretation compared to creating space for all necessary information 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 information as possible to be able to handle it effectively. They will need information 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 dispatcher’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 understanding of the functionality of the automated parts of the control system. If
12
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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 unified 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 working, the workplace and the user interfaces must be adapted to its unique environment. 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 timetables 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 contains information that continuously provides an overview of the traffic process 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 process 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 automatic execution function can work under all circumstances, i.e. when a signal 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 contains 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 display 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 happening 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 movements on stations in this view. The view is scaled so that train movements
15
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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 information 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 together 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, usually 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 interested in information about the current traffic situation and possible abnormities. 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 graphical 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 between the few colors that are used. Information at this layer can be viewed as
parts of the background itself. The experienced train dispatcher can effortlessly decode this information since it does not change. Static information in
the prototype will, after frequent use of the system, become well recognizable 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 happen, 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 centre. A very bright or a very dark background makes it harder, or even impossible, 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 increased so that even colors with higher luminance can be used. For the prototypes 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 dispatcher time to focus on the current traffic plan. However, when the infrastructure 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 developed 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 making. 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,
21

Designing a graphical user interface for train traffic control

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 understandable. 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 prototypes.
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 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 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 simulated 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 concerning 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 requirements 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 methods, 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 support 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 environment.
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 processes. 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 performance in disturbed situations.
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Future train traffic control:
control by re-planning
Arvid Kauppi, Johan Wikström, Bengt Sandblad, Arne W. Andersson

Abstract
Improving train traffic control can be a cost-efficient way to improve train
traffic punctuality and increase utilization of existing and future railway
infrastructure. However, performance in train traffic control tasks currently
involves working on a technical level in order to regulate the traffic flow.
Working in a preventive manner is poorly supported and train traffic controllers are usually restricted to just solving problems as they occur. This often
results in unnecessarily long delays and decreased timeliness of train traffic.
The main objective of this paper is to describe a proposed control strategy
and a case study, which evaluates the control strategy and the prototype tool
derived from the research. By shifting the control paradigm to a high-level
control strategy, many of today’s problems may be avoided, with benefits of
the reduction in delays, improved timeliness and better utilization of the
infrastructure. Twenty-one train traffic controllers participated in a case
study, with a simulated prototype environment. The majority of the participating train traffic controllers were positive to the new concepts and ideas.
Many of the important aspects of the proposed control strategy can be investigated with the simulation, but due to the complexity of train traffic some
issues must be evaluated in an operative environment.

Keywords Train traffic control, Dispatching Control strategy, Re-planning,
Situation awareness
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1 Introduction
The train traffic system of Sweden is geographically divided into eight control areas. Each area is controlled by a traffic control centre, in which information about the traffic process status is presented in track diagrams. Track
usage is controlled either by ordering automatic functions or by manually
executing interlocking routes for each station. Today’s control systems are
often designed to support the operator reactively solving conflicts when they
occur. In order to meet future needs for efficient traffic management, operators should be able to follow the dynamic development of the traffic process
over time to prevent disturbances. What we want to obtain is control by
awareness, in comparison to the more passive strategy of control by exception (Andersson et al. 1997). One main objective is that the traffic controller
can focus her cognitive capabilities on solving problems in traffic-oriented
terms instead of increasing workload by translating traffic-oriented solutions
into low-level control commands for signals and switches. This objective
must be supported by efficient user interfaces that allow the train traffic controller to be continuously updated and able to evaluate future traffic conflicts
so that these can be taken care of in time. Improving train traffic control
could then be a very cost-efficient way to improve utilization of existing and
future infrastructure.

1.1 Background
The Future Train Traffic Control (FTTC) research project started in 1997.
Initially much time was spent on acquiring knowledge from the human factors point of view of how traffic is controlled in Sweden today. Lenior
(1993) performed research with focus on cognitive processes amongst train
traffic controllers in The Netherlands. Thorough comprehension of the cognitive features and constraints imposed by the environment is required to
fully understand a specific work domain and related work tasks (e.g. Rasmussen et al. 1994). Cognitive work analysis (e.g. Vicente 1999), interviews
and workshops regarding the train traffic controllers’ work domain revealed
a number of issues that can be improved (Sandblad et al. 1997).
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Problems identified during the work domain analysis were:
• Lack of overview in the time/distance domain causes suboptimization.
• Fragmented and elusive information due to the fact that the control
system is implemented as several separate information systems.
• Lack of precision in data, e.g. concerning train position and speed.
• Information used in the decision-making process can be outdated.
• Time- and event-dependent complexity caused by automatic functions.
• Poor control over, and difficulties to observe the state of automatic
functions.
• Time-consuming phone or radio communication with train drivers
and others.
Once these problems had been identified the FTTC research project focused
on finding ways to improve future train traffic control systems. Throughout
the research a user-centered approach has been applied (Andersson et al.
1998). A team made up of train traffic controllers, signaling experts and
human factors researchers met in workshops at regular intervals to discuss
difficulties, suggestions and opportunities. The ideas that evolved during
these workshops have led to the proposal of a new control strategy. As a
visual aid, picture mock-ups of new interfaces were used to develop, evaluate and iteratively revise the control strategy.
This paper describes a proposed control strategy and a case study conducted
in order to further evaluate the proposed control strategy and the prototype
tool derived from the research.

1.2 The proposed control strategy
Endsley (1988, 1996) defined situation awareness as ‘the perception of elements in the environment within a volume of time and space, the comprehension of their meaning and the projection of their status in the near future’.
Achieving situation awareness is central to good decision-making and human performance. By showing not only the current status of the train traffic
process, but also predictions of what will happen in the near future, situation
awareness may be improved, thus increasing the possibility of achieving
control by awareness. The control system and the train traffic controller
should share the knowledge of how train traffic is planned and will be directed. To achieve this it is necessary that the traffic controller has tools to
let the system know what decisions have been made. One way to accomplish
such shared knowledge is through the use of an interactive computer-based
traffic plan, instead of the traditional paper-based timetable schedule that is
4
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being used today. We have used the term ‘traffic plan’ to describe a timetable schedule, which also incorporates planned track usage for each entity
occupying a track resource. The most important property of the traffic plan is
in which order each resource-user (train, construction work, etc.) intends to
use a certain track resource. The term ‘re-planning’ is used to describe an
activity of real-time changing and updating a traffic plan. The aim of replanning is to turn a traffic plan with conflicts or inefficient traffic into a
better plan.
A computer-based traffic plan in the form of a time–distance graph can provide functionality for re-planning train timetables and track usage. The traffic plan is designed in a way that visually supports the operators’ comprehension of the current status and the projection of its implications in the future. The user interface, with its re-planning view, can support early detection of upcoming conflicts, identify possible re-planning alternatives and
their predicted effects. The proposed new control strategy supports the traffic
controller’s ability to handle continuous re-planning, with the goal of always
having a functional traffic plan at hand.
Given that the control system and train traffic controller share the knowledge
of the current traffic plan, it is possible to create automatic support systems
that are predictable and easy to understand. The term ‘automatic execution
function’ (AEF) is used to describe an automatic function for testing and
interlocking train traffic routes exactly according to the traffic plan. Sensible
interface design for the AEF will support the human operator in the loop and
avoid automation surprises. When workload is the highest, automation is of
the least assistance to the human operator - one of Bainbridge’s (1987) ironies of automation. Today train traffic controllers often turn automates off
during traffic disturbances to prevent automates from making matters worse.
In contrast the AEF cannot make autonomous decisions that contradict the
traffic controllers’ intentions. Billings (1997) reports that the probability of
human failure in monitoring automation increases when operators are not
alert to the state of the automation. The AEF proposed here should not compromise situation awareness in the same sense as today’s automates, since it
will always be obvious to the operator exactly what the AEF will do next.
The traffic controller exclusively makes the decisions. Execution of those
decisions could then be performed either by the AEF or manually as desired.
By the separation of decision-making from the execution of those decisions,
many of the problems with automation surprises today can be avoided. By
performing re-planning the operator is deciding what the AEF will do and at
what time the order will be carried out. In some sense the traffic controller
re-programmes what the automatic function will execute simply by performing the re-planning task.

5
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The structure of a user interface supporting control by re-planning is shown
in Fig. 2 and an example of the interface design in Fig. 1.

Figure 1. A detailed design of the user interface
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Figure 2. The information structure of the new integrated user interface in figure 2

2 A case study of control by re-planning
The main reason for the case study was the need for response from a wider
population of unbiased train traffic control professionals. Questions that we
tried to get answers to through this study were: was it possible to use the
prototype to perform re-planning in order to solve specific problem scenarios? Did the respondents believe that this control strategy might be something that could be valuable in their work? The main focus of this case study
has been on the re-planning task and how it is performed using the computerized traffic plan (time–distance graph); focus has not been on execution of
the updated traffic plan.
In this case study 21 train traffic control professionals participated in evaluating the proposed control strategy and interface design. The study was conducted at three different train traffic control centres (Gävle, Ånge and Gothenburg). During the tests a portable test environment was used. A notebook
with a screen resolution of 1.600x1.200 pixels presented the information; a
7
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mouse with scroll wheel was used for interacting with the graphical user
interface. The software prototype used simulated train movements in a track
layout and a dynamic interactive (time–distance graph) traffic plan. The
traffic plan stretched from current time to 2.5 h into the future. The track
stretch simulated was a single track line of ten stations where all stations
allowed simultaneous train arrivals.
Interaction with the prototype was recorded by screen capture software and
software event logging. The screen capturing software provided a video of
the entire test session, which facilitated subsequent review and analysis. By
interviewing the participants we got an opportunity to see how the train traffic controllers experienced the basic concepts of the control strategy and
their views on the interface prototype.
The train traffic controllers participating in the test sessions received an introduction to the ideas of the new control strategy followed by a 15-min
training period with the simulated environment. Different problem scenarios
were then introduced into the traffic plan. The participants’ task was to solve
these disturbances by performing re-planning in the interactive traffic plan.
The goal was to test the participants’ ability to do this while at the same time
minimizing train delays, with the instructions that all trains should be
equally prioritized (normally trains are not prioritized equally). Each participant had approximately 1 h to perform all tasks including the training session.
The four scenarios used during the case study were:
•

•

•
•
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Scenario 1 A train suffers from a time limited engine problem while
at a two track meeting station. The train driver calls the traffic controller informing him about the problem, that he knows what the
problem is, that the problem will be solved in a certain time and that
it will be possible to resume the journey after the repair time. The
engine problem causes disturbances to the surrounding traffic, which
the traffic controller has to accommodate for and solve.
Scenario 2 A track maintenance period is introduced in the traffic
plan, effectively blocking a smaller stretch of a single track line. The
traffic controller has to perform re-planning to solve the problems
caused to the surrounding train traffic.
Scenario 3 with short notice the traffic controller has to try to fit an
extra train into the already tight schedule.
Scenario 4 a freight train has lost power from one of its engines and
it is only possible to run the train at reduced speed. This causes disturbances to surrounding traffic, which the traffic controller must
solve.
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During test sessions performed at the control centre in Gävle scenario 1 was
used. The only functionality provided by the prototype in Gävle was to add,
remove or change stopping times at stations. It was not possible to alter track
usage.
In Ånge scenarios 1, 2 and 3 were used. This time the participants also had
to make sure that planned track usage was valid in the updated plan as well
as the timetable. Conflicts between trains regarding track resources at stations were highlighted in the prototype.
In Gothenburg scenarios 1 and 4 were used during the test session. Both
track usage and timetables had to be accounted for.

3 Results
The majority of the participating train traffic controllers were very positive
to the new concepts and ideas. None of the participants could think of a reason why they would not work in reality. Two traffic controllers however
expressed their concern that the system in reality would be much more complex and difficult to operate than the prototype they had tried during the case
study.
Eight professional train traffic controllers took part in the test sessions performed at the control centre in Gävle (numbers 1–8 in Fig. 3).

Figure 3. Resulting delays from tests in Gävle

At the train traffic control centre in Ånge eight traffic controllers (numbers
9–16 in Fig. 4) solved three problem scenarios each (See example of one
solution in Fig. 5).
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Figure 4. Resulting delays from tests in Ånge

Figure 5. Prototype screenshot of train traffic controller number 14’s solution to
scenario 2

At the Gothenburg traffic control centre five train traffic controllers tried to
solve two problem scenarios each using the prototype. Controller number 5
(Fig. 6), however, failed in both scenarios to make sure that planned track
usage was valid.
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Figure 6. Resulting delays from the tests in Gothenburg

4 Discussion
Initial indications for the new re-planning approach and the AEF are very
positive. The majority of the participating train traffic controllers were favorable to the basic concepts of the new control strategy. None of the participants could think of a reason why this would not work in reality. This is a
positive indication but many questions remain and much more in-depth research is still required. Two traffic controllers expressed their concern that in
reality the system would be much more complex and difficult to operate than
the prototype they had tried during the case study. Indeed, this is a valid
concern. The functionality of, and information content presented in, the prototype is only a small part of what would exist in a real system. This is also
one of the reasons why it is desirable to test the control strategies on a
smaller scale but in an operative system.
Looking at the results it is easy to notice that variations in introduced delay
times are frequent. Smaller variations can usually be attributed to the fact
that traffic controllers introduce different amounts of slack time when replanning, even though they have chosen similar solutions to a specific problem. The larger variations in delays on the other hand usually indicate that
controllers have used different ways to solve the same problem. What happened was that usually one out of two different variants of solutions to each
scenario turned up, depending on the traffic controller’s initial approach to
solving a scenario.
When this behavior was analyzed with the group of train traffic controllers
from the project team they indicated that attitudes, willingness to take risks
or playing it safe vary among traffic controllers and that this might be a reason for the differences. The majority of the traffic controllers chose an effi11
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cient but risky solution, resulting in minimized delays. The others chose a
more careful approach to solving the problem that resulted in much more
delay but could be considered to be a more robust solution. Since the stated
goal was to minimize delays one could argue that the solutions introducing
the least delay were the best ones. The vast majority of the participants
stated that if this were a real life problem they would have solved it the same
way. Even the traffic controllers from the project team disagreed during discussions about what the optimal solution might be if it had been a real life
situation. The difference in attitudes and controlling style among traffic controllers is an interesting area for further research.
Normally train traffic controllers do not have any support for re-planning
track usage or conflict detection in their work. Considering this it is surprising that only one traffic controller (controller number 21, Fig. 6) failed to
accommodate for correct track usage. One potential reason for failure might
be the short time allowed for practice.
Another concern before the case study was how difficult it would be to mentally adjust for the 90 degrees shift of axes in the graph. Today the traffic
controllers are used to see the paper graph with distance on the vertical axes
and time on the horizontal axes. The computerized time–distance graph is
designed the other way around to make it easier to relate and compare data
between the time-distance graph and the track diagram. The case study indicates that the shift of axes will not cause any major difficulties to the traffic
controllers, since all of the participating train traffic controllers managed to
work this way within less than an hour.

4.1 Using a prototype as a means for evaluation
The use of the prototype worked well for communicating the proposed control strategy to uninitiated train traffic controllers and also for evaluating the
concepts at a basic level. Since it is a simulated environment it lacks the
detail of the real situation and the interface functionality provided is in no
way complete. Therefore it is not possible to draw any definite conclusions
applicable to a real world operative system based on these results. However,
we believe that the prototype and the train traffic controllers’ reactions to it
can be used to provide indications on how it might work in reality.
During the case study it has been found that having a portable test environment makes it much easier getting the number of respondents desired, since
tests can be performed onsite at train traffic control centers. The case study
was successfully performed, but 15 min practice time was too short. It was
obvious that most respondents were still learning to interact with the proto12

PAPER III

type as the test session was being conducted. Future experiments will be ever
more complex and it is important that participants have more practice time.
One way to increase the training period is to allow for online training with
the aid of a regular Internet-browser. To facilitate this there is now a simplified training version of the prototype (Simson-online) available at:
http://www.it.uu.se/research/project/ftts/.

5 Concluding remarks
Initial indications during the case study with the new control strategy and
user interface prototype are very promising. Tests on re-planning (with limited functionality) have been conducted with satisfactory results. Many of
the important aspects of the proposed control strategy can be investigated
with the simulated prototype environment, but due to the complexity of train
traffic some issues must be evaluated in an operative environment. Based on
the experiences and results from the control strategy research project FTTC
presented here, the Swedish National Railway Administration has initiated a
parallel project STEG (controlling train traffic through a computerized timedistance graph) for the near future implementation of a full-scale operative
demonstrator system. When that system is operative, it will be possible to
acquire more conclusive results on how the control strategy works in reality
and not only in theory or simulated environments.
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APPENDIX I : A section of a picture prototype for later implementation in the graphical user interface to be used in the operative control system (STEG) in Norrköping.
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