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1 Introduction

1.1 Abstract

In Goteborg The Swedish Road Administration (SRA) currently has four major tunnel
systems in operation. These are the Géta tunnel, Gnistdng tunnel, Tingstad tunnel and
Lundby tunnel. In 2006 the new Gdta tunnel began its operation. This new tunnel stretches
under large parts of central Goteborg. Some 300 000 vehicles pass through these systems
every day. Of this traffic much consists of heavy vehicles.

The Traffic Information Centre (TIC) in Goéteborg, run by the SRA, monitors the tunnel
systems twenty-four hours a day, seven days a week. Training and exercises are carried out
continuously to ensure both staff competence and the operational security and stability of the
technical system. A special certification programme has been developed over the last few
years and now all operators are certified.

One important element in this certification training is live fire exercises and another is a
tunnel simulator developed over a couple of years and put in use during 2004. The simulator
is used continuously in training TIC staff as an integrated part of their daily job and is also an
important tool in the certification process. Live fire exercises, due to their complexity, are
carried out once a year rotating through all the tunnels. Numerous table top exercises are
also carried out together with the rescue services.

1.2 Background

The Traffic Information Centre (TIC) in Géteborg has been in use since 1992. Here at least
two persons work at the same time twenty-four hours a day, seven days a week. During
daytime three persons are managing the traffic across large parts of western Sweden. The
latest calculations show that twenty-five percent of all Swedish traffic is handled by the TIC.




The purpose of the TIC was from the beginning to provide traffic information only, but since
then much has changed. The responsibilities of the staff are presently, amongst other things,
to give traffic information about roads and their conditions in this area to drivers, media and
rescue teams. Managment of the tunnels in the city of Géteborg is another responsibility and
one which was not included in the original mission. This task involves closing down the
tunnels and rerouting traffic to other roads in case of an incident in any of the tunnels. Due to
this shift from information only to traffic management in particular, the operators are now
called traffic managers, a clear and distinct difference from the term operator.

In Goéteborg there are four major tunnels presently. Plans for other tunnels are also being
made, both within Géteborg and also in other parts of the TIC area. The total length of the
tunnels at this time is four kilometres with the longest being just over two thousand meters.
This might not seem much, but keep in mind that one of the tunnels, the Tingstad tunnel, is
among the two most trafficated sites in Sweden with approximately 120 000 vehicles per day
passing through. This figure is steadily increasing for each year.

In December 2002 there was an incident where a car caught fire in one of the tunnels. This
clearly showed the importance of maintaining and updating the routines and checklists for
the tunnels, since during the incident some of these showed weaknesses and needed to be
revised. The incidents in the Gotthard, Mont Blanc and recently in the Frejus tunnel tunnels
all show the need for improving tunnel safety.

The SRA Western Region realized that a new concept for tunnel safety was needed, and
started to develop a new training package where the use of real and simulated exercises
were to be large parts. The specifications of an advanced tunnel monitoring simulator were
developed, as were the first plans of performing real fire exercises. Much of the inspiration
for a simulator came from the way air traffic controllers are trained in Sweden, an area where
simulators have been in use for decades, providing advanced training for air traffic controllers
from all over the world.

2 Training

2.1 Using Live Exercises

The first in a planned series of live tunnel exercises was carried out in the autumn of 2003 by
the Swedish Road Administration. The Lundby tunnel was chosen for the exercise which
aimed at studying what happens during the crucial first minutes of a car fire in the tunnel
(Figure 1).




Figure 1. A The first live fire exercise in the Lundby tunnel 2003

The exercise clearly showed the importance of taking the correct measures during the first
few minutes after an accident. These can include controlling smoke ventilation and barrier
systems at the entrance of the tunnel and coordinating with the emergency services. The
results of the fire exercise showed that the situation can be severely negatively impacted by
starting the fans at the wrong moment. The oxygen added to the fire makes the heat
immense and smoke quickly starts spreading from the top half of the tunnel to finally
completely cover the bottom as well. Anybody in the way of the smoke would fail to survive.

One of the main actors in the yearly fire exercises is SP Fire Technology; a Swedish
government agency specialized in this sort of task. They have long experience of both
international and national research projects in this field and research and development
constitute approximately 40% of the activities at SP Fire Technology. They are also involved
in the European Uptun project.

Research in Fire Technology is characterised by its diversity with many interdisciplinary
projects with elements of building technology, fluid mechanics, heat transfer analysis,
chemical analysis, numerical modelling, environmental considerations and toxicology.

Each year a different tunnel is used so that all tunnels will be evaluated regularly. The
exercises are always made in close co-operation with the Géteborg police and fire brigade.
This way not only the skills of the persons involved are maintained but also the good
relations between the organisations are kept alive which is essential to a safe and sound
rescue operation in case of a real incident.

After an exercise the results are gathered and evaluated. What was good? What could have
been better? A critical issue is whether the existing guidelines and checklists for a tunnel
used in a real emergency are up-to-date and cover what they are supposed to cover. Safety
depends on the TIC staff and others involved knowing what to do and when to do it in a real
situation.

There are drawbacks with using live exercises however. When they are performed it has
influence on the traffic, since the tunnel used will be closed down or heavily restricted before,
during and after the exercise. This naturally has its disruptive effects on commercial road
traffic and ordinary traffic as well.




These exercises cost a lot of money to perform as well. The planning takes many months to
complete and a lot of staff is involved during the exercise.

A live exercise is not as dynamic as one might whish unfortunately. It is hard to carry out a
series of events leading up to an incident and once started one can not change the course of
events either. This makes these events rather static and perhaps not as real as one might
think.

2.2 Using a simulator for training traffic management staff

In the event of an incident many behavioural science factors play a great part for the traffic
managers. Decision making, leadership and stress coping amongst other things are
necessary skills of an operator in such an event. If a severe incident should occur a team,
including psychologists, offer support to the staff.

The tunnel simulator, which has been in operation since summer 2004, is an important
instrument to create realistic conditions to train these skills so that the operators even better
can handle such situations.

As we saw earlier many factors have played a part in the decision to develop a training
simulator. There are not only the drawbacks with live fire exercises influencing the decision
but a lot of other factors played a great part as well. As mentioned real exercises involve a lot
of persons and cost a lot of money to perform. With the simulator SRA can maintain a high
level of staff competence without causing disruptions in traffic that usually result from major
exercises in tunnels. Providing training that is useful in a cost effective way is one of the
major goals of the training concept.

The simulator is also used to evaluate existing routines and checklists for the Goéteborg
tunnels. SRA can in a safe, controlled environment execute scenarios that would be too
complex to deal with in a real live exercise. Errors and weak spots in the routines can hence
be found before they have an actual impact in the real world. Obviously not only errors can
be caught but also more effective ways of working can be evaluated.

For new tunnel objects routines can also be developed and tested before they are introduced
into the traffic environment. This way the operators will be well prepared when a new tunnel
opens. In all new tunnel projects in the future implementation of the tunnel management
application into the simulator will be mandatory. For the opening of the latest Goéteborg
tunnel, the Gota tunnel, the simulated tunnel environment was in use two months before the
opening of the tunnel for traffic. This gave the traffic managers plenty of time to get
experience with the new system, so they were well prepared for the opening.

With the simulator SRA now has a great tool for maintaining and improving the already high
quality of expertise of the TIC staff. With periodic updates on various situations they are
better prepared when an incident occurs. Groups of operators gather after training sessions
to discuss the scenario recently trained. This way they can learn from each other and each
others way of working.




The simulator is also used for training new operators. The simulator helps in teaching them
how the tunnel monitoring application work before they get to touch the real one. They must
be familiar with their tools before they sit down in position.

2.3 The SRA Region West Simulator

The solution is a complex one. Five computers co-operate to solve the task (Figure 2). A
suite of proprietary applications and retail software gives the operator the impression of real
traffic and real events from all barriers, VMS signs, Lane signals and other hardware.
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Figure 2. Overview of the Tunnel Monitoring Simulator. Only three of the five computers are shown
here.

The operator applications and the core of the simulator are run from one computer (CSS
Simulator). The graphical interface the operator faces is identical to the one used in his or
her everyday work (Figure 3). The operator controls every aspect of the tunnel from this
environment. He or she can then train events like re-routing traffic in case of an emergency
or closing down parts of driving lanes due to maintenance.

Figure 3. Excerpt from the operator application used for tunnel control.




Intellution software is used for the tunnel control system on this machine. So far FIX 7.0 is
used but the more modern version called iFIX is implemented during spring 2007. The real
SCADA systems run on separate servers using iFIX and the simulator core fools the
SCADAs to believe that real hardware exists by faking them and their responses. The
Central Steering System (CSS), as the operator application is called, connects to the
SCADAs just like in the real environment. One of the requirements for the project was that
the real CSS application from the TIC should be used with as few modifications as possible.
This way updates to this software in the real environment will be easy to implement in the
simulator as well.

All events in CSS, both operator and system generated, are monitored and recorded by the
simulator. When they occur they are immediately sent over the network to the next computer;
the Paramics system. For example an event could be an operator setting a speed restriction
or ordering a barrier to be lowered.

Proprietary integration software is running on this machine which enables communication
with the other servers but primarily with the Paramics model. XML documents are sent over
TCP for all communication. These documents contain information about hardware status and
any changes to these.

Figure 4. A detailed view of the architecture of the simulator.

The computer running the Paramics model is dedicated to generate vehicles and their
movements. To accomplish this Paramics version 5.1 from Quadstone is used. The
extensive API Paramics expose is used so that vehicle positions are retrieved ten times a
second and sent over the network to the final server running the 3D model of the tunnel(s).
The documents received from the CSS Simulator are interpreted, their impact on traffic is
considered and the results are communicated to the Paramics model so that traffic is
changed or affected accordingly. The relevant documents are then forwarded to the

Visualisation model for display on the monitors. Events like queued or stopped vehicles are




discovered in Paramics and when they do, notifications of this are sent back to CSS. CSS
then generate an alert which is visible to the operator. This enables simulation of real alerts
based on events in the simulated traffic as well.

Vehicle and traffic simulation is displayed on screen (Figure 5) enabling the simulator to be
fully useful. Orders from the operator, such as speed restrictions, closed lanes etc, affect the
simulated traffic displayed to the operator. Incoming XML documents from the Paramics
model are received by the 3D application constantly. When vehicle positions are intercepted
the model moves the vehicles to their new position which gives the effect of a real traffic flow
to the operators. This realistic effect is accomplished since these positions are received at
least ten times a second providing the flow to be smooth and natural.

Hardware changes are also displayed by this model and XML messages are received giving
the new status of barriers, lane signals or VMS signs.

Figure 5. A screenshot from the 3D model of the Géta tunnel.

The tunnel and its vicinity are built as a model using a 3D modelling tool. This way a virtual
version of the tunnel is created. The model is then filled with vehicles generated by the
Paramics model. This makes it possible to create a realistic traffic environment that takes full
effect of the experiences of SRA’s use of Paramics software.

Vega Prime from MultiGen-Paradigm is used to display the 3D model of the tunnel. This
application is a de-facto standard tool for graphics. The benefits of using Vega Prime is that it
is will be easy and cost effective to update the model in the future since many companies
have the skills necessary to do this and the tool is widely used.




Figure 6. A screenshot from the 3D model showing an accident in the tunnel.

Despite its complexity, the tunnel simulator runs on off-the-shelf computer hardware. Even
the intense heavy graphics are created using retail graphic cards and an industry standard
3D graphics engine. Where possible, open standards like XML, C# and TCP have been
used, so that the simulator could be updated in a cost effective way.

2.4 Performing the training

A proprietary client software is used (Figure 7) to create the training sessions. This software
can be installed on any client running Windows. It connects to the CSS Simulator core over
the network and, based on user roles, trainers and administrators can execute various tasks.

Figure 7. The application used to create a simulation session.




Standard drag-and-drop features of Windows enable the instructor to create realistic and
demanding scenarios for the student. Figure 5 shows the list view (to the left in the figure)
which holds all events that can happen to a vehicle or hardware equipment. Events are then
dragged to the timeline so that the instructor can build the scenario in an easy way.

All scenarios can be saved and each can be the foundation of new training sessions. One
can also combine scenarios to a single session giving infinite possibilities to build the
training. A library of scenarios has been developed from which the instructor selects the
building blocks for sessions.

The instructor can also change the course of events in the training session using the same
application. Situations and events can be added or removed when the instructor monitors an
exercise. This gives the benefit of being able to have a different dynamic scenario every
time, so that the student never quite knows what to expect from the session.

A training session starts with the instructor giving the background and goals of the session.
After that the student can log into the simulator and start the training session. Self-paced
trainings are performed by the student himself and when finished he or she reports back to
the instructor. A more complex session is monitored by an instructor. Afterwards the
instructor together with the student evaluates it. If necessary the session is performed again
on another day until both student and instructor agree that the goals have been met.

SRA has dedicated one person who is responsible for the training of operators at present.
The planning is performed in close cooperation with managers and operators to assure a
relevant educational plan. The scenario library is constantly evaluated so that new incidents
are inserted when necessary. After each discussion with the operators their thoughts and
views are used as input for new and reworked scenarios.

3 Certification of traffic managers

In Sweden all traffic managers and operators have a common national training. This
mandatory training takes about 14 days to complete. In it various aspects of traffic
management and information is covered. Topics are (amongst others):

Meteorology

The SRA organisation

Geography and the Swedish road network
Road maintenance

Common technical systems

Media training

After this training regional training in the Gothenburg area takes place. Now the managers
learn the skills of handling the local systems and the local road network. During this period
real life training with another traffic manager as a backup is mixed with simulator training.

The education will lead to a certification. At the end of 2006 all operators were certified and
now uses training as a part of their normal working routine.




4 The Future

A simulator such as this advanced training tool has other use as well. A scenario can be
when building a new tunnel and using it for validation of the tunnel design.

This validation can be done at the blueprint level of designing a new tunnel. By modelling the
tunnel in 3D and connecting it to a traffic model one can get a very realistic view of how the
tunnel would look and behave when ready. The traffic flow and behaviour could be very close
to reality giving input both to construction and traffic management teams early on.

If a realistic vehicle simulator, see figure 8, also is connected to the tunnel management
simulator, a thorough and detailed scenario could be carried out showing the experience of
the drivers.

Figure 7. The application used to create a simulation session.

This could be direct input to the architects and traffic planners so that the position of signs,
barriers, VMS signs and other hardware could be evaluated long before they are physically
mounted in their positions. As a rule of thumb it is always more cost effective to find errors
and anomalies early on than it is to find them during later development phases.

5 Conclusions
By using both live and real exercises SRA believes that safety can be increased a great deal.
During discussions with other countries this approach seems to be the way to go.

Since the SRA are still early in their efforts the results of these attempts to increase safety
are still under evaluation and will probably not be done until late 2007, but so far it seems like
safety can be increased using this combination of live and simulated training.

Other uses can be seen as well, for example during the production of new tunnels.
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