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ABSTRACT 
 

This paper presents the main results of the SIRTAKI project. The SIRTAKI project was 
aimed at Information Society Technologies (IST-2000-28303) Work-Program of the 
European Union. The strategic goal of the project consisted of the development and 
assessment of an advanced Decision Support System (DSS) that specifically tackles safety 
issues in tunnel management and emergencies handling. Together with safety and efficient 
management, the effective integration of the tunnel surveillance and control with the rest of 
the urban and interurban network management was faced within the project, successfully 
completed in December 2004.  

 
 

1. INTRODUCTION 
 

The geographical characteristics of Europe have historically led to the construction of very 
long road and railway tunnels for the transport of passengers and freight. Many of these 
tunnels were built decades ago and have now become insufficient to properly serve the 
increasing mobility needs of European countries. 
The increase of the demand, the obsolescence of the installations and the lack of an integrated 
management of emergency situations, are leading to acute security problems in European 
tunnels, as it was dramatically proven in the recent examples of the Mont Blanc and Tauern 
tunnels. 
 
 
2. SIRTAKI PROJECT 

 
Emergency situations demand rapid and appropriate reactions –involving complex decisions- 
in order to avoid catastrophes. These actions have to be effective whilst maintaining 
coordination between the management of the emergency and the management of the 
surrounding network. 
In this context, SIRTAKI responds to these needs by the development and assessment of an 
advanced tunnel management system that specifically tackles (i) safety issues and 
emergencies and (ii) the integration within the overall network management.  
The developed tunnel management and decision support system (DSS) prototype within 
SIRTAKI project is composed by four modules: 



Safe & Reliable Tunnels. Innovative European Achievements 

2   Second International Symposium, Lausanne 2006 

�  Knowledge Basis (KB): This module, by use of event tree approach and models for 
consequences calculation, provides the operators with support regarding to consequences, 
possible developments, mitigation measures and effects of actions in order to manage the 
developing incident in the best possible manner. The module also holds the databases for 
generic and historic tunnel data.  

�  Inference Module (IM): The Inference Module helps managers to make decisions in 
emergency situations by automatically identifying potentially dangerous situations through 
a pattern matching process, it is the navigator and the “brain” of the SIRTAKI DSS in 
terms of managing the information flow.  

�  Tunnel Model (TM): Tunnel Model provides real time information regarding the status of 
the tunnel and works as an abstraction layer between tunnel specific infrastructure and the 
other SIRTAKI modules. Hence, the module distributes devices data to the other SIRTAKI 
modules and executes actuator commands sent from other modules, such as Inference 
Module (IM) or Tunnel Operator Working Environment (TOWE) 

�  Tunnel Operator Working Environment (TOWE): The Graphical User Interface (GUI) and 
Geographical Information System (GIS) represent the front end of the SIRTAKI DSS, and 
reflect the operation of all the modules of the system. 

In the figure below – figure 1- it can be shown a global overview of SIRTAKI system. 
 
 

 
Figure 1. Global overview of SIRTAKI system 

 
 

3. KEY ISSUES 
 

SIRTAKI aims to improve mobility management and life quality by the development of 
advanced IST surveillance and control systems focused on safety in road and railways 
tunnels, which can be co-ordinated with the urban and interurban traffic management systems, 
which can perform management of large-scale events and crises and which can be supported 
by a Inference Module (IM) and a Knowledge Basis (KB) tools based on advanced modelling 
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and simulation of emergency situations. The introduction of this system will reduce risks and 
will enable the management of emergency situations in EU roads and railways, making the 
transport chain more efficient and safe for both passengers and freight.  
SIRTAKI provides innovations in four main aspects of tunnel management and emergency 
situations: the prevention of conflictive situations and emergencies, the supporting to tunnel 
managers, the integrated management within the transport network and the sensors and 
surveillance improvement. 

 
 

4. RESULTS VALIDATION (PILOT SITES) 
 
The utility and accessibility of the system has been demonstrated by the application of 
SIRTAKI approach in a set of European test sites: Frejus road tunnel in Italy, Rovira urban 
tunnel (in Barcelona) and  an interurban tunnel (in Hoz) in Spain. 

 
4.1 Pilot site in Italy 

 
The Italian test site was constituted by the Frejus road tunnel located in the north west of Italy 
which is the bottleneck of the important road corridor which links Torino to Lyon. 
The main objective of the Italian site in SIRTAKI was to obtain a suitable DSS software able 
to optimize the infrastructures and operations. 
The tests performed in the Frejus tunnel have demonstrated the system validity, above all due 
to the fact that the “decision support system” is able to assist the operators during the 
following activities: 
�  locating the actions to be performed 
�  checking their operation, locating possible evolutions 
�  concluding all activities (avoiding to forget something) 
The chance of suspending a secondary emergency in order to concentrate oneself on a 
primary one was found particularly useful. Furthermore, the operators were very pleased with 
the system, capable of adapting itself to every tunnel configuration. 
 
 

Figure 2. Italian pilot 
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4.2 Pilot sites in Spain 

 
In Spain SIRTAKI was installed and evaluated in two sites with different approaches and 
constraints, as one of them was an interurban road tunnel, and the other one an urban road 
tunnel.  

 
4.2.1 Hoz Tunnel 
 
This pilot took place in the Hoz Tunnels. They consist of 2 independent tubes of 2 
unidirectional lanes of traffic and one auxiliary in each one. The longitude of each one of the 
tubes is approximately of 850m. 
The Hoz tunnel is situated in the North of Spain, concretely in Santander. This interurban 
tunnel connects two major cities of the north of Spain, Santander and Bilbao, through the A8 
motorway. 
 
 

 

 

 

 
Figure 3. Hot tunnel location 

 
The Hoz site demonstrated successfully the reliability and usability of SIRTAKI Decision 
Support System in a complete real environment, including the integration with a Tunnel 
Control System and the physical infrastructure of a road tunnel. 
The integrated system has proven technically reliable and capable of working without failure. 
For obvious reasons, it was not possible to evaluate its use in a real emergency situation 
happening in the tunnel, but different simulation techniques helped at demonstrating that the 
system can work efficiently, and that it provides relevant aid to the operators in the 
management of emergencies. 
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Figure 4. Hoz tunnel facilities 
 

 
4.2.2 Rovira Tunnel 

 
This pilot took place in an urban tunnel in the city of Barcelona. The objective of this pilot 
was to assess the improvements for safety and traffic management derived from the utilization 
of the SIRTAKI DSS in urban tunnels.  
The Rovira site demonstrates successfully the reliability and usability of SIRTAKI Decision 
Support System in one of the possible scenarios: when no Tunnel Control System is available 
and no interaction with the physical infrastructure is possible. 
 
 

 

  

 

 
Figure 5. Rovira tunnel location 



Safe & Reliable Tunnels. Innovative European Achievements 

6   Second International Symposium, Lausanne 2006 

 

 
Figure 6. SIRTAKI running in Rovira 

 
 

5. USERS ACCEPTANCE AND COST EFFECTIVENESS 
 
The development of SIRTAKI system was based on the coverage of a set of user 
requirements that were identified through surveys of tunnel operators in the pilot sites. The 
conducted surveys covered both road and rail tunnels with different infrastructure, operations, 
and safety management systems. The user acceptance analysis has evaluated whether or not 
SIRTAKI has covered these user requirements. 
The user acceptance evaluation results conclude that the introduction of SIRTAKI system in 
the existing tunnel safety management systems enhances the reliability of the incident 
detection process. This conclusion is based on the results of tests that were performed with 
respect to the reduction of incident detection time and the missed incidents proportion. Theses 
tests indicate that the use of SIRTAKI system reduces significantly both the detection time 
and the proportion of missed incident. This outcome of the statistical analysis can be 
attributed to the capability of SIRTAKI system to collect the measurements of various sensors 
inside the tunnel and process them in order to determine tunnel incidents. Based on the 
aforementioned results of the statistical analysis it is evident that this feature of SIRTAKI 
system has been designed and developed adequately. Furthermore, the statistical analysis on 
the impact of the use of SIRTAKI system on the efficiency and effectiveness of the incident 
emergency response process concluded that the total resolution time decreases as compared to 
the before SIRTAKI situation. This outcome implies that the use of SIRTAKI system in 
supporting emergency response related decisions improves the decision making process and 
the coordination of the actors involved in it.  
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This conclusion is supplemented with the fact that at least 92 % of the experts assessed the 
proposed on-scene actions provided by the system as reliable or very reliable. 
 
 

RELIABILITY OF RESPONSE ACTIONS

RELIABLE
84%

NEITHER RELIABLE 
NOR UNRELIABLE

8%

VERY UNRELIABLE
0%

VERY RELIABLE
8%

UNRELIABLE
0%

 
 

Figure 7. Reliability of response actions 
 

The conjunction of these two findings of user acceptance analysis entails that the SIRTAKI 
system succeeds in improving the emergency response process. This statement can further be 
supported by the fact that at least 92% of the experts responded that the use of SIRTAKI 
system plays an important or very important role in the improvement of the coordination of 
the emergency response actors. 
 
 

VERY 
IMPORTANT

42%

IMPORTANT
50%

NEITHER 
IMPORTANT NOR 
UNIMPORTANT

8%

VERY 
UNIMPORTANT

0%

UNIMPORTANT
0%

 
 

Figure 8. Improvement of the coordination of the emergency response actors 
 

 
On the other hand, the cost-effectiveness analysis aims to estimate the socio-economic gains 
and losses emerging from the use of SIRTAKI system. This goal is achieved through the 
comparative assessment of the SIRTAKI system with the existing tunnel safety management 
systems at the sites of the project in terms of economic, safety and social impacts.  
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Although economic impacts can be estimated in a monetary value scale, this is not the case 
for the safety and social impacts. It was therefore imperative to define a common rating scale 
for measuring the performance of both the SIRTAKI system and the existing tunnel 
management system under the cost effectiveness criteria and indicators. The benefits and cost 
were hierarchical decomposed to relevant criteria and indicators. Based on this decomposition 
the experts judgments were collected with respect to: i) the performance of the alternative 
systems (before and after SIRTAKI) under the emerging indicators and ii) the relative 
importance of the criteria and the indicators separately. The experts’ judgments referred to the 
assessment of the systems performance under the emerging indicators on an absolute rating 
scale 1-100. 
Scheeren and Klein14 described a new process for treating contaminated groundwater. The 
fundamentals of the process have been studied by Singer and Morgan15. 
The results of this analysis are shown in the following table. 
 
 

 
Table 1. Cost-effectiveness analysis 

 
The average over the road tunnels shows an improvement in the benefit/cost ratio of 35%. 

 
 

6. CONCLUSIONS 
 
Safety in tunnels is a critical issue for European Transport as recent accidents have shown. 
Although a lot of work has already been conducted in defining safety and security procedures 
it is clear that the existing Tunnel Management Systems and Tools need further improvements 
to react and face an accident in real time.  
SIRTAKI responds to these needs by the development and assessment of an advanced tunnel 
management system that specifically tackles safety issues and emergencies and its integration 
within the overall network management. 
The benefits from SIRTAKI project can be summarized as follows: 
�  Improving safety in tunnels: reducing the risk of accidents in tunnels and severity of  those 

taking place.  
�  Reducing stress in operators and citizens in front an emergency.  
�  Managing tunnels and the rest of the transport network in a co-ordinated way and therefore 

improving the performance of the available transport infrastructures. 
�  Using the integrated management of not only emergencies, but also other special 

situations- e.g. congestion, maintenance works, etc.- 
�  Reducing the total time of emergency analysis by 15% 
Further information, jointly with some public results can be found at the website of the 
project: www.sirtakiproject.com 
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