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Executive summary  
Vision 

The vision of the integrated project PReVENT is to create an 
electronic safety zone around vehicles by developing, integrating 
and demonstrating a set of complementary safety functions. The 
work towards realising this vision was a logical continuation of the 
activities from the late 1980's such as Prometheus and the DRIVE 
I project of the Framework Programme 2, where incident detection 
and information systems for transport & traffic, guidance and 
cooperation between the vehicles were ranked among the core 
R&D areas.  

PReVENT work is a part of a comprehensive approach to safe 
traffic pursued by the automotive and supplier industries in Europe. 
The project was carried out in the framework of eSafety 
programme by EC and under the Integrated Safety Programme by 
Members of European Association for Collaborative Automotive 
Research (EUCAR) supported by CLEPA R&D and ERTICO.  

Both programmes set as an objective a radical decrease in the 
number of accidents by means of Intelligent Vehicles Safety 
Systems (IVSS). It was later promoted by the EC as the flagship 
project of the i2010 Intelligent Car Initiative as part of the RTD 
pillar. 

 In order to make PReVENT the first comprehensive attempt 
towards realising the vision of one single safety zone around 
vehicles through the integration of functions, the following general 
objectives described below had to be met. 

Goal 

In accordance with these programme objectives, the PReVENT 
overall goal was to develop, test and evaluate safety applications, 
advancing current sensor and communication technologies and 
finally, integrating them in dedicated demonstrator platforms to 
show the project integration. In addition to the technological 
development and integration, PReVENT goals included also the 
early assessment of the integrated safety systems safety impacts. 
Furthermore, an essential target was also to speed up the market 
introduction and penetration of advanced safety systems and 
overcoming the major barriers for wide take-up of intelligent 
vehicle technologies. 

The slow commercialization of previous research projects’ results 
has been delayed mainly due to limited sensor system 
performance, lack of system maturity, high production costs and 
low public awareness of the potential these systems offer.  

In the upcoming safety systems, the combination of advanced 
environmental sensors such as radar, laser, 2D/3D-camera, 
sophisticated wired and wireless communication technologies and 
modular vehicle system functional architecture and sophisticated 
software offer a lot of potential for enhanced safety. The use of 
these technologies played a major role in the success of 
PReVENT. 
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Decreasing component costs, system functionality standards, and 
heightened assessment methods regarding component verification 
and system validation as well as addressing risk assessment and 
liability issues were all paramount to the success of PReVENT. 
These issues needed to be addressed to bring PReVENT 
applications from the research departments to the development 
and marketing divisions of the automotive OEMs. The work 
initiated in PReVENT will overcome such market introduction 
barriers by means of subprojects’ progress which will meet them 
head on. PReVENT presented applications of relevant safety 
functions, which clearly demonstrated their potential for market 
introduction in next generation of vehicles. 

Reaching the ambitious goals of PReVENT required that the work 
needed to be split and grouped into separate but interacting fields. 
This facilitated the integration activities leading first to the creation 
of single platforms and finally, demonstrating the project’s 
achievements in integrated safety platforms. 

Objectives 

Consequently, the technical objectives were stated in the manner 
that allowed on one hand, the independent development of single 
safety functions through vertical activities, and on the other hand, 
allowing the different vertical function fields to interact with 
supporting horizontal activities  producing an integrated safety 
system towards the end of the project.  

These different single activity areas were grouped into separate 
vertical function fields according to accident scenarios targeted to. 
The activities aiming at supporting the convergence of different 
vertical activities into a safety zone around a vehicle were grouped 
into cross-functional or horizontal activities. The technical 
objectives of PReVENT followed this logic to be introduced below.  

 1. Vertical function fields 

Vertical activities dealt with the development of single applications 
and functions needed to make an electronic safety zone around 
the vehicle. The projects developing applications all target to better 
understanding of the driving environment in order to inform, warn, 
support and ultimately protect vehicle occupants in accident 
situations. 

 (i) Develop Safe speed and safe following functions 

These functions help drivers keep or choose a speed or inter-
vehicle distance, allowing them to safely cope with the road 
situation they will meet in the next seconds. 

 (ii) Develop Lateral control support functions 

These functions deal with autonomous applications focusing on 
the lateral areas of a vehicle to help drivers keep their vehicle at 
the safest position in the lane, as well as warn them if the vehicle 
is about to run off the road.  

 (iii) Develop Intersection safety functions 

This function field covers the investigation of autonomous and 
cooperative approaches to safety applications dedicated at 
approaching or passing intersections. 
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 (iv) Develop vulnerable road users and collision mitigation 
functions 

Collision mitigation and pre-crash protection systems focus on 
reduction of injuries and fatalities in case of unavoidable crashes 
at short times and distances before the impact. Collision mitigation 
by braking significantly reduces kinetic energy of impact, thereby 
greatly reducing crash severity.  

 2. Horizontal activities 

Horizontal activities are divided in different categories: (i) 
developing technologies and methods to facilitate the integration 
work to enhance sensor fusion and vehicle map interface (ii) 
addressing legal aspects eventually needed to be considered in 
the market introduction of a future vehicle and also uniform 
methods for developing and testing such systems (iii) investigating 
the potential impacts of PReVENT functions and (iv) increasing 
users’ and stakeholders’ awareness of intelligent vehicle 
technologies. (v) Finally, developing integrated platforms to show 
the way to future vehicles. 

These activities cover methodologies, common architectures, use 
of map data and associated vehicle positioning tasks, functional 
integration, evaluation and prominent road-show introducing the 
PReVENT demonstrators and their functionalities as listed below: 

 (i) Facilitate the integration of different safety functions in the 
project and beyond 

 Create a Code of Practise (CoP) for the development of 
Advanced Driver Assistance and other systems to the used 
in the future vehicle safety systems. 

 Enhance interface with digital maps for more predictive and 
reliable safety functions. 

 Promote the common use of sensors and senor data fusion 
for more precise and reliable vehicle safety systems 
operation.  

(ii) Integrate safety systems in two dedicated platforms to be   
demonstrated to different stakeholder groups. 

(iii) Evaluate the potential safety impacts of given vertical safety 
systems and the integrated safety system. 

(iv) Create and execute a dissemination strategy and actively 
communicate it to the experts in the field, authorities and the 
general public.  

The project work started with the definition of accident scenarios to 
be followed by requirements for the applications needed to 
address the accident types described in the scenarios. Accident 
types were analysed by identifying underlying causes and factors. 
The following were found considering the functions the 
applications had to realise: 

1. Drivers need assistance in the lateral control of a vehicle 
when e.g. changing a lane or being distracted in the 
manoeuvring task. 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 9 

2. Drivers need assistance in the longitudinal control of a 
vehicle such as in the headway control, in the selection of 
appropriate speed or when obstructed by vehicles’ physical 
features such as is the case with trucks immediate forward 
area. 

3. Drivers need to be informed of incidents and adverse 
conditions beyond the driver’s field of vision. 

4. Drivers need to be assisted in complex traffic situations 
such as entering intersections. 

5. In the event of an unavoidable accident, applications are 
needed to mitigate the accident consequences. 

PReVENT structure and the relation of project components show 
clearly that the integration of activities and close cooperation is 
needed also in the actual work in addition to a common platform 
created in the end of the project. Issues like the use of sensors 
and sensor data fusion and a common high level architecture are 
areas that are prerequisites for the following integration activities.   

Meeting the objectives 

The PReVENT main objectives were to: 

1. develop, demonstrate, test and evaluate preventive safety 
applications,  

2. assist technological development and integration, 

3. contribute towards rapid market introduction  

4. create a greater awareness of the active safety approach  

All these objectives have been achieved as further outlined below. 

Achievements 

Concerning the longitudinal control of a vehicle, two projects, 
SASPENCE and WILLWARN took major steps forward in their 
respective fields.  

The SASPENCE project exploited existing technologies to 
accelerate the deployment and the introduction of speed 
management and headway control systems. SASPENCE 
introduced a number of innovations, based on previous projects in 
terms of applications, technology, scenario’s of use and HMI 
concepts related to the restriction of lateral acceleration inside 
curves, speed control depending on the external situation and 
distance control to objects to avoid rear-end collisions. 

The WILLWARN project supports the driver in safe driving through 
inter-vehicle communication by creating an electronic safety 
horizon for foresighted driving. The project concept was based on 
ad-hoc networks for vehicle-to-vehicle communication (V2V) and 
vehicle positioning. The system demonstrated was functioning well 
on rural road and highway scenarios. The system enables a high 
benefit for the driver even at low equipment rates, because 
warnings are stored and physically transported in the cars when 
the equipment rates or the traffic is low. Oncoming traffic is used 
also for warning dissemination 
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Concerning the lateral control of a vehicle, also two projects 
LATERAL SAFE and SAFELANE were realised. 

The LATERAL SAFE subproject developed (i) a lateral and rear 
area monitoring application enhancing the driver’s perception and 
decreasing the risk of collision in the lateral and rear area of the 
vehicle (ii) a lateral collision warning application that detects and 
tracks obstacles in the lateral and rear field and warns the driver of 
an imminent accident risk such as a collision or a road departure 
and (iv) a stand-alone lane change assistance system with 
integrated blind spot detection assisting the driver in lane change 
manoeuvres. The demonstrated applications were implemented, 
evaluated and demonstrated by means of human factor tests 
successfully. 

SAFELANE addressed accidents caused by typical cognitive 
degradation of a driver performance leading to inattention such as 
drowsiness, fatigue and distraction. The project developed a next 
generation lane keeping support system, which would not only help 
the driver in his daily driving task but even actively support him to 
avoid unintended road and lane departures by means of an active 
steering component. The user tests showed that SAFELANE 
approach using the active steering functionality does not only yield 
promising results but is even approved of users. SAFELANE 
improvements to existing Lane Departure Warning systems maybe 
introduced already in the near future.   

One project, INTERSAFE was devoted to intersection safety, since 
intersections are still today traffic ‘black spot’ areas. INTERSAFE 
was more research oriented project compared to the other ones in 
PReVENT. Here, an ambitious and successful first attempt was 
made to develop an Intersection Driver Warning System based on 
bidirectional V2I communication and path prediction of the host 
vehicle and other road users using on-board sensors. 
Furthermore, INTERSAFE demonstrated intersection driver 
warning functions based on sensors and communication, 
preventing missing stop signs, providing assistance when turning 
or crossing, and providing information to the driver via 
infrastructure. Finally, also advanced intersection driver assistance 
functions in a driving simulator were developed. 

The last vertical function field addressed the protection of 
vulnerable road users and mitigation of accident consequences. 
Three projects dealt with these issues; APALACI, COMPOSE and 
UseRCams. Overall, the technologies developed concerned the 
perception of vehicles’ immediate vicinity. 

APALACI focused on the pre-crash applications and the collision 
mitigation systems mainly focussing on the protection of the 
vehicle occupants. As a results of the R&D, the following main 
achievements were made (i) Collision Mitigation (semi-
autonomous braking), Pre-fire and Pre-set applications were 
developed aimed at improving the occupant protection in the event 
of an unavoidable collision (ii) a major breakthrough were made in 
assisting and supporting the driver in braking manoeuvres, by 
detecting the collision conditions, for reducing the crash severity of 
unavoidable impacts (iii) high performance sensor systems were 
developed for pre-fire and pre-set applications including real-time 
object classification by applying innovative data fusion techniques.  
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Collision mitigation by braking can be expected to have the largest 
impact on the safety of car occupants with regard to the number of 
fatalities and severe injuries. COMPOSE subproject focused on 
this issue. COMPOSE was able to show the feasibility of collision 
mitigation systems by autonomous braking able to significantly 
reduce the kinetic impact energy by mutual adaptation and suitable 
combination of sensors and actuators. The knowledge generated 
in COMPOSE can be further exploited in future projects and 
applications, and it will be valuable for both product development 
and further research activities in the field of preventive and active 
safety systems. 

UseRCams was the only sensor development project in 
PReVENT. The motivation for this was a need to overcome 
drawbacks of the state-of-the-art sensors in close distance 
perception. A pulsed laser based time-of-flight (ToF) 3D CMOS 
range sensor was developed in UseRCams. Fully solid-state 
micro-systems technology for more reliable detection and 
classification of road users, vehicles and traffic obstacles was 
exploited. The novel sensor approach aims at pedestrian 
protection and mitigation of collisions comprising the short distance 
around vehicle perception up to 25 m and features simultaneous 
distance information of 64 x 8 pixels at an image repetition rate of 
up to 100 Hz. It was shown that the technical approach selected in 
The UseRCams sensor has significant potential with regard to 
short-range perception for road user protection and collision 
mitigation, the performance of the currently available camera 
specimens is not yet adequate for any of the investigated safety 
critical use cases. 

The horizontal activities focused on very different areas, all, 
however, supporting the integration activities of PReVENT. 

ADAS development has been so far a process without any uniform 
practises – let alone standards. This may hinder the fast market 
application of ADAS and may pose safety threats and legal 
consequences in the event of ADAS technical malfunctions and 
failures.  

A series of RESPONSE projects addressed these issues. Within 
the scope of PReVENT one of them, RESPONSE3 translated the 
results of the former RESPONSE projects into a ‘Code of Practice’ 
(CoP) for development and testing of ADAS. This addresses two 
major issues: (i) a definition of "safe" ADAS development and 
testing and (ii) reaching an agreement on the development 
guidelines between all stakeholders as a basis for the company 
internal translation and/or optimisation of system design 
specifications and complementary verification methods. The 
knowledge and best practices in the development of ADAS was 
brought together within RESPONSE3 and handed over to the 
European Automobile Manufacturers Association (ACEA) task 
force on “Active safety”.  

The potential of map usage has not yet been fully exploited, 
because in-vehicle map databases contain little safety related data 
and are still not accessible to other applications than navigation. 
MAPS&ADAS subproject addressed this issue. MAPS&ADAS 
activities were distributed among five phases including 
requirements, specifications & architecture, implementation, test 
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and validation addressing the three novel achievements of the 
subproject: (i) ADAS safety maps (ii) standardised ADAS interface 
and (iii) Driver Warning System. This work served different 
subproject applications in order to reach better vehicle positioning 
and above all with enhanced attributes to reserve drivers more 
time to react to unexpected situations ahead and to pave way to 
future cooperative driving applications. 

PReVENT safety functions are widely relying on multi sensor 
perception strategies featuring sensor data fusion that is till a 
young research field. The strategy of PReVENT was to initiate 
horizontal subproject going across different function fields to 
develop multi-sensor fusion in a greater degree of depth and in a 
more systematic approach. The subprojects ProFusion1 and 2 
served this purpose. ProFusion projects advanced the sensor data 
fusion techniques used for driver assistance and active safety 
systems beyond the current state-of-the-art. Different fusion 
approached were developed and exploited. The overall result was 
facilitation of integration activities and more accurate environment 
perception in different applications. 

The actual technical integration of different PReVENT applications 
was highlighted in the INSAFES subproject. It focused on the full 
coverage of the vehicle surroundings in order to warn the driver, 
intervene, or mitigate the effects of an accident. INSAFES 
addressed the proper use and interpretation of all the information 
available from sensors or functions that were developed in 
PReVENT. The subsequent situation and risk assessment. 
INSAFES aims at achieving a high level of integration of the 
following vertical subproject functions:  

 APALACI: Vulnerable Road Users and collision mitigation 
(VRU recognition/warning; pre-crash; collision mitigation) 

 LATERAL SAFE: Lateral support of the vehicle (lane 
change assist; lateral collision warning). 

 SASPENCE: Safe Speed and Safe Distance (safe speed in 
curves; safe distance). 

 SAFELANE: Lateral support of the vehicle (lane keeping 
support). 

 WILLWARN: Early danger warning through communication. 

Actually, the whole INSAFES subproject can be called the 
PReVENT achievement and innovation, since it integrated different 
longitudinal and lateral safety systems into a safety zone 
surrounding the vehicle. Eventually, INSAFES has shown the 
integration in all three architectural layers, perception, decision and 
action.  

According to INSAFES roadmap, integrated safety systems, 
including both longitudinal and lateral control applications, are 
estimated to enter the market around 2013.  

The actual deployment of Intelligent Vehicle Safety Systems 
(IVSS) is still limited partly due to lack of public awareness on the 
benefits of these systems. It is therefore important to quantify the 
safety benefits of these systems. PReVAL subproject assessed 
the possible safety impacts of applications developed in the 
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PReVENT. The main objectives of PReVAL were to: (i) Identify 
best practices for the assessment of IP PReVENT safety 
applications (ii) define a framework for estimating their safety 
impact taking into account technical performance and human 
factors (iii) apply the framework to estimate the potential safety 
impacts of selected PReVENT applications and (iv) make 
recommendations for the future assessment and development of 
preventive safety applications. 

The estimated safety impacts of the developed systems vary quite 
a lot. The highest benefits were found for collision mitigation and 
vulnerable road users protection systems followed by lateral area 
safety systems and systems for cooperative and proactive driving. 
The results, naturally, are not based on real accident figures and 
therefore needs to be treated with care.  

One of the main challenges of PReVENT was to effectively 
disseminate the results and the knowledge generated by the 
project partners, and make the public aware of the upcoming 
applications. In addition to extensive conventional dissemination 
activities, PReVENT organised an IP exhibition which took place in 
September 2007 in Versailles France. It showed all the PReVENT 
results together in a single show in collaboration with the i2010 
Intelligent Car Initiative, the eSafety Forum and the eSafetyAware. 
The exhibition was a real success and established the status of 
PReVENT as a flagship project in the European automotive sector. 

Project management 

The huge project like PReVENT, with 55 partners from 10 
countries, 15 subprojects and a total budget volume of 55 million 
Euros, posed a challenge to the management especially 
concerning integration and communication within the project. 
Eventually, both issues turned out to be critical success factors of 
the project. Most of the problems encountered in the course of 
project had both, a structural component related to organization, 
work processes and partner interests, and an interactive 
dimension related to the behaviour of the project partners and 
stakeholders. All challenges related to these issues were solved 
and materialised in the successful demonstration of the integrated 
PReVENT platform making an electronic safety around the vehicle 
according to the original goal. 

Outlook 

The fact, that PReVENT was aiming at systems which are close to 
production makes it rather difficult to propose a continuation of 
PReVENT activities on the same level under the name of 
PReVENT 2 because quite a lot of the applications prototyped in 
PReVENT will quickly be transferred into the development 
departments of the industry partners in the project. This makes 
continuation of pre-competitive cooperative research impossible in 
quite a lot of the areas covered by PReVENT.  

However, there is still ample space for new development is this 
field. A particular example for this kind of systems is collision 
avoidance not only by emergency braking but by evasive 
manoeuvres. Such systems require perception and decision 
making capabilities that are far above of the current state of the 
art. In subprojects such as PROFUSION, APALACI and 
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COMPOSE or INTERSAFE PReVENT has realised a sound 
foundation on which development of these kind of systems can 
commence.  

Sensor development is another area for a potential follow-up 
activity. Even if sensor technology has made quite a lot of progress 
in the past with PReVENT contributing considerably to this, there 
is still a lot of room for improvements in particular if powerful 
perception technology shall find its way into cheaper vehicles. 

Another field, which was not covered by PReVENT but could be an 
interesting area for further development of PReVENT technologies 
is “Green Driving” that becomes more and more important not only 
with regard to the ongoing CO2 discussions in Europe.  

System assessment is also an area, where follow-up activities are 
justified. PReVAL has prepared an extensive evaluation framework 
that can be applied to different types of driver support and safety 
systems but during the work it became apparent, that there is 
considerable need for follow-up activities preferably together with 
eImpact and TRACE.   

The work carried out in PReVENT is not only developing advanced 
safety systems but very much developing new technology 
paradigm and design philosophy that can be used by the entire 
automotive world in cooperation. This ensures affordable 
components, sub-systems and eventually ensures a faster market 
introduction of future intelligent vehicle safety systems.  

Out of the PReVENT consortium and coordinated by the 
PReVENT management respective follow-up activities will be 
proposed. These can be Integrated Projects, STREPs or 
Supportive Actions. Coordination through the PReVENT 
management guarantees, that these projects built on PReVENT 
results and are linked with each. Thus, the PReVENT spirit will live 
on, even if there is no direct follow-up.  
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1 PReVENT vision and objectives  

1.1 Vision 
The vision of the PReVENT integrated project is to create an 
electronic safety zone around vehicles by developing, integrating 
and demonstrating a set of complementary safety functions. These 
functions surround the vehicle, assist and protect drivers and 
unprotected road users when integrated on a single platform. First, 
they detect and classify the type and significance of the danger. 
Depending on the nature of the threat, active and preventive safety 
systems inform, warn and assist the driver in order to escape the 
accident. In the event of an unavoidable collision, the PReVENT 
safety systems are even able to mitigate accident consequences. 

Their subsequent integration into an overall safety system is 
expected to strongly contribute towards the realisation of 
essentially safer road traffic in the future (Figure 1.1). 

 

 

Figure 1.1: PReVENT vision of a safety zone around the vehicle 
realised by means of complementary safety functions. 

The work towards realising this vision is a logical continuation of 
activities from the late 1980's such as Prometheus and the DRIVE 
I project (Framework Programme 2), where incident detection and 
information systems for transport & traffic, guidance and 
cooperation between the vehicles were ranked among the core 
R&D areas in the years to come. The subsequent Framework 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 16 

Programmes gradually turned to more stand-alone in-vehicle 
systems. These activities were followed by the Framework 
Programme 6 that emphasised an integrated approach to enable 
the reduction of both the accident probability and consequences 
substantially in the future. 

In this way, PReVENT aimed at a deeper vertical and horizontal 
integration of single and separately functioning in-vehicle safety 
applications to a truly integrated accident escaping vehicle. The 
work carried out in PReVENT paves way to a future intelligent 
vehicle that not only uses the sensor information from the vehicle 
environment to avoid hazards but also looks beyond the field of 
vision and communicates with other vehicles and infrastructure to 
ensure safe travel. 

In addition to the strong emphasis on accident-free traffic, the 
PReVENT vision carries a strong driver-centred message. In the 
driver-vehicle-environment system, advanced safety technologies 
supports the driver keeping him in the control loop as far as 
possible. The driver is integrated in the intelligent vehicle system, 
not replaced by automation. 

 

 

Figure 1.2: Preventive safety systems are driver-centred 
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1.2 Objectives 

1.2.1 Goal 
The Preventive and Active Safety Applications integrated project, 
PReVENT aims to contribute significantly to the road safety goals 
as specified in the 6th Framework Programme key action 2.3.1.10 
eSafety for Road and Air Transport.  
In accordance with these programme objectives, the PReVENT 
overall goal was to develop, test and evaluate safety applications, 
advancing current sensor and communication technologies and 
finally, integrating them in dedicated demonstrator platforms to 
show the project integration. In addition to the technological 
development and integration, PReVENT goals included also the 
early assessment of the integrated safety systems safety impacts. 
Furthermore, an essential target was also to speed up the market 
introduction and penetration of advanced safety systems and 
overcoming the major barriers for wide take-up of intelligent 
vehicle technologies. 

The slow commercialization of previous research projects’ results 
has been delayed mainly due to limited sensor system 
performance, lack of system maturity, high production costs and 
low public awareness of the potential these systems offer.  

In the upcoming safety systems, the combination of advanced 
environmental sensors such as radar, laser, 2D/3D-camera, 
sophisticated wired and wireless communication technologies and 
modular vehicle system functional architecture and sophisticated 
software offer a lot of potential for enhanced safety. The use of 
these technologies played a major role in the success of 
PReVENT. 

Decreasing component costs, system functionality standards, and 
heightened assessment methods regarding component verification 
and system validation as well as addressing risk assessment and 
liability issues were all paramount to the success of PReVENT. 
These issues needed to be addressed to bring PReVENT 
applications from the research departments to the development 
and marketing divisions of the automotive OEMs. The work 
initiated in PReVENT will overcome such market introduction 
barriers by means of subprojects’ progress which will meet them 
head on. PReVENT presented applications of relevant safety 
functions, which clearly demonstrated their potential for market 
introduction in next generation of vehicles. 

1.2.2 Objectives 
Reaching the ambitious goal of PReVENT required that the work 
needed to be split and grouped into separate but interacting fields. 
This facilitated the integration activities leading to the creation of – 
at first – single platforms demonstrating the project’s achievements 
to be culminated in the technical integration demonstrating an 
‘electronic safety zone’ around the vehicle. 

Consequently, the technical objectives were stated in the manner 
that allowed on one hand, the independent development of single 
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safety functions through vertical activities, and on the other hand, 
allowing the different vertical function fields to interact with 
supporting horizontal activities  producing an integrated safety 
system towards the end of the project.  

These different single activity areas were grouped into separate 
vertical function fields according to accident scenarios targeted to. 
The activities aiming at supporting the convergence of different 
vertical activities into a safety zone around a vehicle were grouped 
into cross-functional or horizontal activities. The technical 
objectives of PReVENT follow this logic to be introduced below.  

 1. Vertical function fields 

Vertical activities dealt with the development of single applications 
and functions needed to make an electronic safety zone around 
the vehicle. The projects developing applications all target to better 
understanding of the driving environment in order to inform, warn, 
support and ultimately protect vehicle occupants in accident 
situations. 

 (i) Develop Safe speed and safe following functions 

These functions help drivers keep or choose a speed or inter-
vehicle distance, allowing them to safely cope with the road 
situation they will meet in the next seconds. 

 (ii) Develop Lateral control support functions 

These functions deal with autonomous applications focusing on 
the lateral areas of a vehicle to help drivers keep their vehicle at 
the safest position in the lane, as well as warn them if the vehicle 
is about to run off the road.  

 (iii) Develop Intersection safety functions 

This function field covers the investigation of autonomous and 
cooperative approaches to safety applications dedicated at 
approaching or passing intersections. 

 (iv) Develop vulnerable road users and collision mitigation 
functions 

Collision mitigation and pre-crash protection systems focus on 
reduction of injuries and fatalities in case of unavoidable crashes 
at short times and distances before the impact. Collision mitigation 
by braking significantly reduces kinetic energy of impact, thereby 
greatly reducing crash severity.  

 2. Horizontal activities 

Horizontal activities were divided into different categories: (i)  
addressing legal aspects eventually needed to be considered in 
the market introduction phase and also uniform methods for 
developing and testing such systems  (ii) developing technologies 
and methods to facilitate the integration work of future vehicles (iii) 
creating integrated platforms to pave way to future intelligent 
safety systems (iv) investigating the potential impacts of PReVENT 
functions and finally, (iv) increasing users’ and stakeholders’ 
awareness of intelligent vehicle technologies.  

These activities cover methodologies, common architectures, use 
of map data and associated vehicle positioning tasks, functional 
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integration, evaluation and prominent road-show introducing the 
PReVENT demonstrators and their functionalities as listed below: 

 (i) Facilitate the integration of different safety functions in the 
project and beyond 

 Create a Code of Practise (CoP) for the development of 
Advanced Driver Assistance and other systems to the used 
in the future vehicle safety systems. 

 Enhance interface with digital maps with safety-related 
content for more predictive and reliable safety functions. 

 Promote the common use of sensors and senor data fusion 
for more precise vehicle safety systems functioning.  

(ii) Integrate safety systems in two dedicated platforms to be   
demonstrated to different stakeholder groups. 

(iii) Evaluate the potential safety impacts of given vertical safety 
systems and the integrated safety system. 

(iv) Create and execute a dissemination strategy and actively 
communicate it to the experts in the field, authorities and the 
general public.  

PReVENT structure and the relation of project components show 
clearly that the integration of activities and close cooperation was 
needed also in the actual work in addition to a common platform 
created in the end of the project. Issues like the use of sensors 
and sensor data fusion and a common high level architecture are 
areas that are prerequisites for the following integration activities.   
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2 PReVENTive safety applications deployment roadmap 

2.1 A step back in history 
Using information and communication technology to enhance 
driving safety is by no means a new approach. A first major 
attempt was the European research programme PROMETHEUS 
with PROMETHEUS standing for “PROgramme for European 
Traffic with Highest Efficiency and Unprecedented Safety”. As the 
title suggests, between 1986 and 1994 a consortium not un-similar 
to the one set up for PReVENT investigated all kinds of systems 
and applications, that were expected to make driving safer and 
more efficient. A vision was developed of all partners in 
transportation co-operating with each other using all kinds of 
sensor and communication technology. Figure 2.1 shows this 
vision. 

 

 

Figure 2.1: The PROMETHEUS vision of safe and efficient future 
traffic 

With projects such as Autonomous Intelligent Cruise Control, 
Vision Enhancement, Collision Avoidance or even Cooperative 
Driving PROMETHEUS prepared the basis for all future work in 
this field because it showed the way towards these applications 
and proved their usefulness but was not able to develop them 
above the state of early research prototypes, which was mostly 
due to the lack of suitable sensing technology and sufficient 
computing power. It took several years after PROMETHEUS and 
continuous research activities for instance in the 4th and 5th 
framework programmes of the EU and comparable national 
activities until these became available enabling the market 
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introduction of systems such as Advanced Cruise Control, Lane 
Keeping Support or Route Guidance using GPS localisation. 

These systems were well received by the customers and did thus 
pave the way for future developments such as now in PReVENT.  

2.2 PReVENT deployment roadmap 
As explained above, aim of PReVENT was not only to develop and 
demonstrate new preventive and active safety applications. 
Particular care was taken, that these applications were not too far 
away from future products and were designed in a way that did not 
limit their application to expensive vehicles. Thus, PReVENT 
focused on use of cheap and available technology as basis for 
most of their systems to make sure, that PREVENT systems to not 
experience the same fate as did their PROMETHEUS 
predecessors. Instead of using highly advanced and expensive 
technology, whose benefit for automotive applications still needs to 
be proven, the PReVENT partners chose existing technology such 
as cameras, radars or digital maps wherever possible and achieve 
considerable improvements in performance through clever 
combination of these components and advanced algorithms for 
sensor data fusion and situation assessment. Furthermore, and 
this is an important step ahead compared to PROMETHEUS and 
the research activities in earlier framework programmes, 
PReVENT was not limited to technical work. In parallel to system 
development a European Code of Practice was defined jointly by 
the PReVENT partners that, if properly applied, ensures, that 
systems developed along this Code can be certified easily in 
Europe and do not cause unexpected legal and liability 
implications. This Code of Practice was accompanied by an 
evaluation framework that allows system developers to assess the 
impact of their applications quickly and efficiently.  

This does considerably contribute to the fact, that PREVENT spin-
offs can be expected on the market pretty soon starting still in this 
decade with applications for lane keeping support and blind spot 
monitoring that can be expected from a number of PReVENT 
partners. Systems for safe speed and distance advice are 
expected to follow soon after as will collision mitigation systems 
using PReVENT technology for situation assessment and object 
recognition. These early systems are expected to use a rather 
limited number of sensors or even singular sensors. Thus, their 
performance will still be limited but will nevertheless be 
significantly above the performance of existing systems due to 
application of the PReVENT algorithms for perception and sensor 
data fusion.  

However, it can be expected, that cheap radar systems based on 
24 GHz technology will find their way into all kind of vehicles in 
bigger numbers, which will open up the way to full application of 
PReVENT technologies for instance for protection of vulnerable 
road users and collision mitigation but also for monitoring of the 
lateral and rear areas of a vehicle. Such systems can be expected 
on the marketplace in the first half of the next decade.  

In the same timeframe also first communication based systems for 
driver information warning can be expected. They are pretty simple 
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from a technological viewpoint but need a dedicated frequency if 
safety relevant information shall be transmitted and common 
European standards, which are currently under development in 
order to make sure that these kind pf systems offer their full 
functional range across all vehicle makes. The availability of 
communication technology will also enable implementation of 
basic intersection safety systems, which combine sensor data with 
information transmitted into the vehicles through vehicle-to-
infrastructure communication in order to warn the driver about 
potentially critical situations at intersections.  

In parallel to the market implementation of single PReVENT 
functions we will also see the introduction of integrated systems 
consisting of two or more PReVENT sub-systems using the same 
sensors and running on a common ECU. Combined systems for 
lateral and longitudinal control will be first and can be expected 
early in the next decade. They will be followed by systems that are 
enhanced through vehicle-to infrastructure and vehicle-to vehicle 
communication technology, which are still far away and are 
expected to be the last step in the PReVENT development.  

Key enabler of the functions and applications described above is 
sensor data fusion, which played an important role in PReVENT. 
With an increasing number of sensors in the vehicles sensor data 
fusion becomes more and more important. PReVENT has 
developed interesting new approaches that will gradually be 
implemented into vehicles following the increase of computing 
power of vehicle ECUs that can safely be expected over the 
following years. Figure 2.2 shows, how the PReVENT experts 
expect, that PREVENT systems and functions will be introduced 
into the marketplace. 

Not without some pride it can be concluded, that with it´s four 
years work PReVENT has paved the way for innovations in the 
field of advanced driver assistance for the next 15 years as 
PROMETHEUS did nearly 20 years before. But in contrary to 
PROMETHEUS, where deployment was rather limited by the 
unavailability of key enablers such as cheap sensors, sufficient 
computing power and even positioning technology, implementation 
of PReVENT technology into the marketplace is not hindered by 
such shortcomings and will thus enable the safe and efficient traffic 
that PROMETHEUS had promised.  
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Figure 2.2: PReVENT Deployment Roadmap 
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3 Approach  

3.1 Motivation  
Road traffic accidents in the current Member States of the 
European Union claim annually some 50 000 lives and leave more 
than two million people injured, representing estimated costs of 
almost 200 billion euros. In terms of traffic safety, Europe is 
lagging behind Japan and USA.  

In recent years, the wish and determination for considerably fewer 
accidents have been pronounced by a number of European 
stakeholders. European Union launched the eSafety Programme 
in 2002 as a joint initiative of the European Commission, industry 
and other stakeholders. This safety initiative aims at accelerating 
the development, deployment and use of Intelligent Integrated 
Safety Systems, which exploit information and communication 
technologies in intelligent solutions in order to increase road 
safety.  

Even before that, since 1984, a large number of measures to 
reduce road accidents have been taken at regional, national and 
EU levels. The results were not encouraging throughout the 
Community.  

Numerous accident statistics and in-depth studies carried out over 
the years yield generally a very uniform picture of road traffic 
accident causation. Human error as almost a sole principal 
causative factor in traffic accidents has been quoted repeatedly 
already for decades. Driver errors usually relate to distraction and a 
lack of concentration, motivational problems such as inappropriate 
speeds or driving under the influence of alcohol. These 
deficiencies are then followed by delayed, missing or inadequate 
reactions that are difficult to influence by means of conventional 
traffic safety work.  

Members of European Association for Collaborative Automotive 
Research (EUCAR) are involved in a number of European 
Commission funded projects to tackle the safety problem. Projects 
having a strong involvement of the EUCAR members have been 
arranged into three Programmes: (i) Fuels and Powertrain, (ii) 
Manufacturing and Materials and (iii) Integrated Safety 

Within these, the Integrated Safety Programme plays an important 
role. PReVENT became the flagship of the Integrated Safety 
Programme. 

The Integrated Project PReVENT made the first comprehensive 
attempt towards realising the vision of an electronic safety zone 
around vehicles. This was achieved by developing a number of 
applications assisting the driver in vehicle’s longitudinal and lateral 
control or, in the event of an unavoidable accident, mitigating its 
consequences.  

In parallel with the development of individual applications, the 
needed integration steps were investigated. PReVENT work was 
then culminated in the creation of integrated application platforms 
in the INSAFES subproject showing the first electronic safety zone 
around a vehicle.  
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Considering the ambitious goal for the accident reduction, also the 
technology response needs to be set accordingly. The only way to 
minimize accident toll is to introduce both active and passive 
assistance and protective systems, respectively that are able to 
cover all major accident zones and provide drivers with information 
even beyond the actual field of vision. Technically, this is 
challenging but PReVENT shows the first steps to realise this 
vision.  

3.2 PReVENT Framework 
PReVENT work is a part of a comprehensive approach to safe 
traffic pursued by the automotive and supplier industries in Europe. 
To a large extent, this is carried out in the framework of the 
eSafety initiative by the EC and under the Integrated Safety 
Programme by members of EUCAR.  

Both programmes have set as an objective a radical decrease in 
the number of accidents by means of Intelligent Vehicles Safety 
Systems (IVSS). It was later promoted by the EC as the flagship 
project of the i2010 Intelligent Car Initiative as part of the RTD 
pillar. 

The Integrated Safety Programme by EUCAR is composed of five 
different Integrated Projects (IP). They deal with essential aspects of 
future accident-free vehicles (Figure 3.1). 
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Figure 3.1: PReVENT Framework.  

The integrated safety programme actually represents the highest 
level of integration in the creation of future road traffic with 
essentially less casualties. EUCAR members firmly believe that by 
means of the Integrated Safety Programme, it is possible to speed 
up the accident reduction already in medium term by strengthening 
the activities in essential areas of ADAS as described below. 
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 AIDE 

Today, we are witnessing a rapidly expanding use of In-vehicle 
Information Systems (IVIS) used for entertainment, personal 
communication and navigation. Furthermore, Advanced Driver 
Assistance Systems (ADAS) are available in greater variety. All 
this leads to situations that may critically over-load the driver, and 
actually, decrease the possibilities to benefit from advanced 
assistance. For this reason, a dedicated integrated project was 
launched to improve the adaptive capabilities of future HMI.  

An example of such a case could be a situation, where the driver is 
distracted by an in-coming call. In that case, the call is only let in 
when the driver is having enough free capacity for a secondary 
task (phone call) such as on straight road sections instead of 
intersections or in a lane change situation. This issue has been 
addressed earlier in a dedicated project, COMUNICAR and raised 
by the EC as a relevant topic for adaptive HMI development. 
Overall, different interfaces for various up-coming safety 
applications need a hierarchical manager with adaptive 
capabilities. The objective of AIDE is to accumulate the knowledge 
and develop methods as well as human-machine interface 
technologies required for safe and efficient integration of ADAS, In-
vehicle Information Systems into the driving environment. 

 EASIS 

The EASIS project addressed the safety problem on European 
roads by increasing the safety and reliability of vehicles’ electronic 
driver assistance functions. This is achieved by means of 
Integrated Safety Applications. Historically, the applications and 
electronic systems in the automotive industry have been developed 
separately in different domains, like powertrain, chassis, body, etc. 
Integrated safety applications are not limited to individual domains, 
but require access to and services from and the inter-working 
between multiple domains. To enable integrated safety 
applications, a communication system is needed that connects the 
domains.  

At the same time, the integrity of the existing services within these 
domains needs to be protected against each other. A proper fault 
tolerant architecture should support such applications starting from 
the system architecture down to the single node hardware layout. 

EASIS aims at improving a prevailing situation in application 
specific hardware, software and related architectures, and 
consequently, develops a general hardware and software 
architecture for integrated safety applications, and provides 
appropriate engineering methods dealing with safety and 
dependability-related systems and components. 

EASIS worked also with use case applications coming from 
Integrated Safety System program. In particular, requirements from 
PReVENT and therein, the “Safe Speed and Safe Distance” 
function of the SASPENCE subproject was focused on. 
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 APROSYS 

New passive safety technologies can significantly contribute to the 
reduction of the trauma problem. Currently, the major needs in road 
user protection are: 

 Compatibility, protection of pedestrians and motorcycles 
and protection in accidents involving trucks. 

 Large potential through an Integrated Safety approach. 

 Industrial involvement is crucial and will benefit the 
competitiveness of the European automotive industry. 

 Strong links to other IPs and STREPs within the EUCAR 
Integrated Safety Programme. 

The aim of APROSYS was to develop and validate technologies 
and tools for the protection of vehicle occupants and other road 
users during the accident phase by utilising new passive safety 
measures. APROSYS work will bring overall synergies to the accident 
analysis on which the different PReVENT applications are based, and 
furthermore especially, on projects dealing with road user protection 
such as APALACI, Compose and UseRCams.  

 GST 

The Global Systems for Telematics (GST) Integrated Project was 
aiming at an open and standardized end-to-end architecture for 
automotive telematics services. The objective of GST was to 
create an environment in which innovative telematics services can 
be developed and delivered cost-effectively, and hence increase 
the roll-out of telematics services. GST developed technologies 
and services for a heterogeneous wireless vehicle network 
environment, supporting the establishment of safety-related 
functions based on mobile communication and ad-hoc networking 
available on a European level. Also here, a need for more unified 
and standardised communication technologies is obvious. 

The objectives of GST were the following: 

 Facilitate the development of inter-operable products 
guaranteeing the expected quality of service, security and 
safety.  

 Gain the confidence of customers through the commercial 
release of high-level quality products and services.  

 Set-up an efficient European organisation allowing the 
automotive industry to share the quality insurance / 
certification costs by establishing common competence 
centres and accredited test laboratories.  

 Develop shared and neutral facilities allowing all the actors 
of the value chain to test emerging technologies and 
techniques in the telematics domain and acquire the 
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necessary competencies to be able to maintain a high level 
quality and security at the level of the automobile products 
and services.  

 Enable the deployment of the telematics services 
supermarket concept by establishing the conditions 
necessary to the reliable and secure installation of OSGI 
bundles into the embedded telematics systems of the 
European car manufacturers.  

 Other projects supporting the integrated safety approach 

There are currently also other projects fitting in the integrated 
approach (Figure 3.2). These are cooperative driving related safety 
projects like CVIS focusing on the communication of infrastructure 
and vehicle (I2V) and SAFESPOT promoting vehicle-to-vehicle 
communication (V2V). 

In addition to PReVAL impacts assessment subproject, the 
TRACE project is focused on the accident causation and 
enhancement of vehicle safety systems based on accident data. 
Also the eImpact-project focuses on intelligent vehicle systems 
safety assessment. The activities in all these projects contribute to 
the vision of accident-free driving (Figure 3.2). 
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Figure 3.2: Integrated safety projects map.  
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3.3 PReVENT structure  

3.3.1 Reasoning behind the selected structure 
PReVENT structure reflects the approach needed on two levels to 
meet the work objectives (Figure 3.3): 

(1) Vertical activities dealt with the development of single 
applications and functions each individually contributing to creation 
of an electronic safety zone around the vehicle. The projects 
developing applications all targeted to better understanding of the 
driving environment in order to inform, warn, support and ultimately 
protect vehicle occupants in accident situations. 

(2) Horizontal activities were divided into different categories: (i)  
addressing legal aspects eventually needed to be considered in 
the market introduction phase and also uniform methods for 
developing and testing such systems  (ii) developing technologies 
and methods to facilitate the integration work of future vehicles (iii) 
creating integrated platforms to pave way to future intelligent 
safety systems (iv) investigating the potential impacts of PReVENT 
functions and finally, (iv) increasing users’ and stakeholders’ 
awareness of intelligent vehicle technologies.  

The project work started with the definition of accident scenarios to 
be followed by requirements for the applications needed to 
address the accident types described in the scenarios. Accident 
types were analysed by identifying underlying causes and factors. 
The following were found considering the functions the 
applications had to realise: 

 Drivers need assistance in the lateral control of a vehicle 
when e.g. changing a lane or being distracted in the 
manoeuvring task that causes lateral displacement. 

 Drivers need assistance in the longitudinal control of a 
vehicle such as in the headway control, in the selection of 
appropriate speed or when obstructed by vehicles’ physical 
features such as is the case with trucks immediate forward 
area. 

 Drivers need to be informed of incidents and adverse 
conditions beyond the driver’s field of vision. 

 Drivers need to be assisted in complex traffic situations 
such as entering intersections. 

 In the event of an unavoidable accident, applications are 
needed to mitigate the accident consequences. 

PReVENT structure and the relation of project components show 
clearly that the integration of activities and close cooperation is 
needed also in the actual work in addition to a common platform 
created in the end of the project. Issues like the use of sensors 
and sensor data fusion and a common high level architecture are 
areas that are prerequisites for the following integration activities.   

 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 30 

Safe Speed
&

Safe Following

SASPENCE

WILLWARN

Safe Speed
&

Safe Following

SASPENCE

WILLWARN

Lateral
Support

SAFELANE

LATERAL SAFE

Lateral
Support

SAFELANE

LATERAL SAFE

Intersection
Safety

INTERSAFE

Intersection
Safety

INTERSAFE

Vulnerable Road
Users & Collision

Mitigation

APALACI

COMPOSE

UseRCams

Vulnerable Road
Users & Collision

Mitigation

APALACI

COMPOSE

UseRCams

APALACI

COMPOSE

UseRCams

Code of Practice, Impact Assessment RESPONSE 3, PReVALCode of Practice, Impact Assessment RESPONSE 3, PReVALCode of Practice, Impact Assessment RESPONSE 3, PReVAL

Sensors & Sensor Data Fusion PROFUSION 1 & 2Sensors & Sensor Data Fusion PROFUSION 1 & 2Sensors & Sensor Data Fusion PROFUSION 1 & 2

Maps & Location Related Tasks MAPS & ADASMaps & Location Related Tasks MAPS & ADASMaps & Location Related Tasks MAPS & ADAS

Functional Integration INSAFESFunctional Integration INSAFESFunctional Integration INSAFES

IP-Exhibition PReVENT RoadshowIP-Exhibition PReVENT RoadshowIP-Exhibition PReVENT Roadshow

 

Figure 3.3: PReVENT structure. 

3.3.2 Vertical activities  
PReVENT vertical activities are composed of four different 
functional areas that deal with essential areas of driving 
environment perception targeting to the behavioural problem areas 
introduced above: 

1. Supporting the driver in forward driving. This area is 
addressed by two projects, Safe Speed and Safe Distance 
(SASPENCE) and Wireless Local Danger Warning 
(WILLWARN). 

2. Supporting the driver in lateral control of the vehicle. This 
area is covered by two projects, SAFELANE and LATERAL 
SAFE 

3. Supporting the driver when driving through an intersection. 
Intersection safety needs a dedicated approach due the 
complexity of situations and trajectories of movement of 
crossing traffic. One project, INTERSAFE deals with this 
problem area. 

4. The last area focuses on situations in which the accident is 
imminent or unavoidable, and the road users need 
protection by the activation of vehicle safety systems, 
especially actuation mechanisms to prevent an accident 
from happening or eventually, mitigating the 
consequences. Three projects are targeted to this area: 
APALACI, COMPOSE and UseRCams.  
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 Projects supporting the forward control of a vehicle 

 Safe Speed and Safe Distance Support System (SASPENCE) 
SASPENCE is a support system that assists the driver in avoiding 
accidents related to excessive speed and too short headways 
(Figure 3.4). Not infrequently, these two things are related. The 
SASPENCE application provides assistance to the driver by 
suggesting appropriate speed and/or distance based on the 
analysis of the current driving context, such as type of road, traffic, 
road segment and obstacle ahead. 

In Europe, a considerable number of lives lost in traffic accidents is 
due to inappropriate vehicle speed e.g. in negotiating curves or too 
short a headway. Within this context, the safety benefits that are 
expected from systems capable to appropriately warn and assist 
the driver in keeping safe speed and distance look very promising.  

Compared to state-of-the-art Adaptive Cruise Control systems 
(ACC), the objective of SASPENCE is to make its application more 
context-aware and use more versatile information than relative 
speed and distance only by current ACC systems.  The system co-
operates seamlessly with the driver through the most suitable HMI 
channels, and suggests the safe speed and headway in any given 
driving conditions. SASPENCE is developing technical solutions 
for low-cost enhanced vehicle “intelligence” through an integration 
of components available in today’s passenger cars — preparing 
this type of application for a short-term market implementation.  

 

Figure 3.4: SASPENCE application area. 
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SASPENCE system is realised by means of (i) data fusion for 
reconstruction of the overall road and obstacle scenario (ii) 
comparison between a computed reference manoeuvre and the 
actual manoeuvre undertaken by the driver and last, by (iii) 
generation of warning messages for the driver and feedback on 
active pedal in order to revert to safe travel behaviour. 

 Wireless Local Danger Warning System (WILLWARN) 
Proactive driving and early detection of hazards are essential for 
safe driving and accident avoidance. WILLWARN (Wireless Local              
Danger Warning) developed a communication based cooperative 
driving system extending the driver's horizon and warning the 
driver of dangerous situations ahead. WILLWARN provides drivers 
the opportunity to regulate the vehicle speed and inter-
vehicle distance early-on, leading to a higher situational awareness 
of potential unforeseen danger.  

WILLWARN supports proactive driving by providing information 
from beyond the driver’s field of vision and also in the range of 
ADAS sensors such as radars and laser scanners extending up to 
200 meters at best. The aim of this early warning system is to 
provide drivers with additional time to prepare themselves and 
react well in advance to situations ahead like hazards, incidents 
and road-works (Figure 3.5).  

The objective of a three-year WILLWARN subproject was to: 

 Develop, integrate and validate a safety application that 
warns the driver of critical situations beyond the 
driver's field of view.  

 Develop of on-board hazard detection, in-car warning 
management, and decentralised warning distribution by 
vehicle-to-vehicle communication on a road network.  

 Enable a low-cost and reliable solution for wireless local 
danger warnings based on positioning, relevance checks, 
message transport, and on-board message evaluation. 

The purpose is to offer high benefit for the user even at low 
equipment rates using cars as relays for transporting messages 
along a road network  

WILLWARN will cover the following scenarios: 

 Detection and warning of obstacles on the road, warning if 
one's own car is an obstacle for others. 

 Warning of emergency vehicles or slow moving vehicles. 

 Detection of reduced friction or reduced visibility due to 
adverse weather conditions.  

 Warning of dangerous areas such as construction zones 
through electronic beacons. 
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Figure 3.5: WILLWARN application area.  

 Projects supporting the lateral control of a vehicle 

 Lateral and Rear Areas Monitoring Systems (LATERAL SAFE) 
The LATERAL SAFE subproject introduced lateral and rear area 
monitoring applications for future vehicles in order to prevent 
accidents in those areas and assist drivers in adverse or low 
visibility conditions and blind spot areas (Figure 3.6). The 
applications were built on a common multi-sensor platform.  

The most significant pre-crash scenario is the typical lane change, 
covering more than 38 % of all lane crashes. Consequently, the 
project objectives are to create: 

 Lateral and rear area monitoring application enhancing the 
driver’s perception and decreasing the risk of collision in the 
lateral and rear area of the vehicle.  

 Lateral collision warning application that detects and tracks 
obstacles in the lateral field and warns the driver of an 
imminent accident risk. 

 Stand-alone lane change assistance system with integrated 
blind spot detection assisting the driver in lane change 
manoeuvres when driving on roads with more than one 
lane per direction. 

The multi-sensor system created for these applications covers 
270° of the vehicle surroundings by using an open perception 
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platform and standardised output. A three-layer architecture 
enabled the modularity of the system (i) perception (ii) situation 
analysis & application and (iii) action with HMI included. 
Furthermore, the HMI module prioritises application information & 
warning requests and directs them to the relevant actuator & HMI. 

The realisation of the LATERAL SAFE system requires technically 
the following functions:   

 Tracking of dynamic targets moving towards the vehicle. 

 Knowledge of manoeuvres in the direction of an obstacle 
and critical lane change manoeuvres. 

 Detection of obstacles at close range. 

 Detection of vehicles in the blind spot. 

 Detection of critical and non-critical objects in the lateral 
and rear areas. 

 

Figure 3.6: LATERAL SAFE application area.  
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 Lane Keeping Support System (SAFELANE) 
The SAFELANE subproject focuses on a situation-adaptive system 
for enhanced lane keeping support (Figure 3.7). The development 
dealt with a lane keeping support system that operates in a safe 
and reliable manner in a wide range of adverse road and driving 
situations. If an unintentional lane departure is detected, an 
adaptive decision system triggers a driver warning or active 
steering system.  

The technology developed provides safe, reliable, highly available, 
acceptable and legally admissible onboard lane keeping support 
system for use in commercial and passenger vehicles on 
motorways and rural roads. The system reaction in critical lane 
departure situations comprises the control of warning actuators 
and an active steering actuator. The input to the system comes 
from forward looking cameras, which are supplemented by active 
sensors (e.g. radar, lidar); vehicle CAN bus data, digital road maps 
and a precise vehicle positioning.  

The flexible and modular approach of SAFELANE was 
demonstrated in commercial and passenger vehicles on test 
tracks, motorways and rural roads. SAFELANE uses a camera, 
digital map databases and optionally, forward looking active 
sensors (e.g. radar/lidar/laser).  

The overall objectives were to develop, test and validate the 
technology for a safe, reliable, highly available, acceptable and 
legally admissible on-board lane keeping support system for use in 
commercial and passenger vehicles on motorways and rural 
roads.  

 

Figure 3.7: SAFELANE application area.  
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The SAFELANE development work was based on the following 
key concepts:  

 Fusion of camera-based lane detection with enhanced 
digital map data and precise vehicle trajectory calculation.  

 Adaptive and model-based decision system for situation 
understanding and advanced self-assessment. 

Active steering component for haptic feedback and correction of 
steering. 

 Projects supporting intersection driving 

 Intersection Driving Support System (INTERSAFE) 
The INTERSAFE subproject addressed a challenging safety 
problem the intersections pose today. Intersections are major 
accident black spots accounting for 30 % to 60 % of all injury 
accidents.  

The development of advanced sensor systems and algorithms can 
provide a solution to this problem by means of accurate 
localisation of the vehicle and path prediction of other road 
users. Combining this with signal status communication, it is 
possible to warn the driver of potentially hazardous situations 
(Figure 3.8). 

Consequently, the objectives of INTERSAFE were to: 

 Develop and test of an intersection driver warning function 
on a demonstrator vehicle, based on precise relative 
vehicle localisation, path prediction of other objects and 
communication with traffic lights. 

 Development of an advanced intersection safety system, 
using a dynamic simulator environment for assessing future 
active safety applications and sensor system requirements.  

INTERSAFE was exploring the accident prevention and mitigation 
potential of a preventive safety system for intersections through 
two parallel approaches: (i) integration of state-of-the-art sensors 
and infrastructure communication ,in a demonstrator vehicle to 
investigate potential driver assistance applications may be in the 
short to medium term. The development comprised of the use of 
an advanced intersection safety system with a dynamic driving 
simulator environment, assessing future active safety applications 
and sensor system requirements. This also enables high-risk 
scenarios to be addressed safely.  

INTERSAFE contributed to intersection safety by developing a test 
vehicle that can provide warnings to the driver based on :      

 Precise localisation using on-board sensors.  
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 Detection,  classification and path prediction of all other 
objects at the intersection communication with traffic lights - 
high-level map information. 

 

Figure 3.8: INTERSAFE application area.  

 

 Projects targeted to imminent accident prevention and mitigation 
and protection of vulnerable road users 

 Pre-crash and Collision Mitigation Systems (APALACI) 
APALACI developed a system for advanced pre-crash and 
collision mitigation including innovative sensor fusion techniques. 
The APALACI application is based on detecting, confirming and 
reacting to a crash just before it occurs to improve the intervention 
of on-board systems and enhance the protection of car occupants 
and thus mitigating the severity of unavoidable crashes (Figure 
3.9). In addition to that, a specific application of APALACI,  ‘Start 
Inhibit’ for trucks prevents accidents at low speed by monitoring 
the poorly visible frontal area of the vehicle. 

The objectives of APALACI were the following:  

 Enhance the protection of car occupants by developing 
advanced pre-crash interventions. 
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 Improve the effectiveness of braking manoeuvres according 
to the detected unavoidable crash to mitigate the severity of 
unavoidable collisions. 

 Improve the control of restraint systems for pre-crash 
interventions, prevent low speed accidents with obstacles 
or pedestrians in the frontal area of trucks. 

The APALACI applications are demonstrated in different vehicles, 
integrating different functionalities and combinations of given 
sensors: 

 Collision mitigation and pre-crash functionalities using radar 
and video system. 

 Pre-fire application (pre-crash for reversible restraints) 
using a radar and laser-scanner. Pre-crash functionality, in 
terms of pre-set information for non reversible restraint 
systems. 

 Pre-fire information and control for reversible restraint 
systems and the pedestrian detection/recognition 
functionality by means of a radar and ultrasonic sensor. 

 Start Inhibit application for trucks including a pedestrian 
detection capability. 

Within the PReVENT framework, APALACI and COMPOSE 
defined a common work package on “System evaluation and 
assessment”. 

 

 

 

Figure 3.9: APALACI application area.  
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 Autonomous Braking Systems (COMPOSE) 
COMPOSE addressed (i) autonomous braking for rear-end 
collisions and (ii) collisions with vulnerable road users. The project 
work involved developing and evaluating collision mitigation and 
vulnerable road user protection systems by means of autonomous 
braking for trucks and cars. In collision situations, these systems 
can significantly reduce the kinetic energy of the impact by 
mitigating the severity of injuries and contributing to a considerable 
improvement of road safety (Figure 3.10).  

The technical objectives for the applications to be developed were 
to: 

 Create a system able to reduce impact speed 
instantaneously in the event of an unavoidable collision. 

 Consequently, to significantly reduce the crash energy. 

 Essentially mitigate the accident consequences. 

An innovative sensor data fusion method was employed to achieve 
a high perception reliability, which is absolutely necessary for this 
type of an application. Special emphasis was put on the protection 
of vulnerable road users outside of the vehicle. 

   

Figure 3.10: COMPOSE application areas.  

It is expected that when penetrating the market, the instantaneous 
COMPOSE braking action brings about essential safety benefits. 

The following safety functions were integrated in the demonstration 
vehicles: 
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• A collision mitigation system for cars was developed. The main 
focus lies on the mitigation of longitudinal crashes with cars 
and collisions with pedestrians. In the event of an unavoidable 
crash the brakes are automatically applied. The car is 
equipped with multiple sensors specifically selected to enable 
object detection, tracking and classification of cars and 
vulnerable road users.   

• A rear-end crash collision mitigation application for commercial 
vehicles was developed. An autonomous braking was 
demonstrated based on a laser scanner object detection and 
recognition capability. Furthermore, an extended sensor set 
was used within ProFusion2 horizontal subproject. The 
function’s objective is to significantly reduce the consequences 
of an unavoidable rear-end crash by autonomous braking once 
a collision is no longer avoidable by active intervention of the 
truck driver. 

 Novel Range Camera (UseRCams) 
Within the PReVENT vertical subprojects, UseRCams is the only 
one devoted to the development of a novel sensor. This sensor - a 
‘Range camera’ or ‘3D camera’ - is capable of acquiring image-
type depth information by employing individual photon run-time 
estimates for every single pixel of a 2D sensor array. The focus is 
on the development of an affordable active 3D sensor, which is 
vital in providing improved obstacle detection and classification at 
a short range (Figure 3.11).  

The sensor is especially suitable for the collision mitigation, 
protection of vulnerable road users and blind spot detection. The 
first prototype was developed based on a nanosecond-pulse laser 
and a customised 3D CMOS photosensitive sensor with a short 
integration time. 

The resulting prototype camera was used for the development of 
first generation algorithms for the recognition of urban traffic 
objects. The know-how and experience accumulated in the 
deployment and evaluation of this prototype will lead to the design 
of a customised 3D CMOS imager that aims at the optimal 
adaptation to pre-crash and blind spot safety applications. 

The objectives of UseRCams were to: 

 Develop and test a versatile 3D sensor technology for 
urban collision protection (for pre-crash or blind spot 
surveillance applications), which will be capable of 
delivering detailed depth information by combining excellent 
lateral resolution and depth information.  

 Develop and test signal processing algorithms for the 3D 
image sensor to provide object and VRU localisation and 
classification. 

The sensor’s range is up to 25 m with a repetition rate of 10 
milliseconds for pre-crash and blind-spot applications: 

 Front/side distance range (20-25 m). 
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 Lateral proximity of trucks (blind spot surveillance). 

 3D algorithms for object (obstacles, pedestrian) 
classification. 

 3D CMOS cameras were mounted on PReVENT cars and 
trucks demonstrating the performance of the sensors in 
typical traffic situations and obstacle scenarios. 

 

 

Figure 3.11: UseRCams application area.  

3.3.3 Horizontal activities   
The required PReVENT activities to enable the final integration 
were also supported by different horizontal subprojects, and 
actually, the whole Integrated Safety Programme. In addition to 
vertical activities targeted to direct applications, the horizontal 
activities support the integration work in essential areas described 
below.  

PReVENT also aimed to rationalise the sensor use in the project. 
This led to the utilisation of common sets of sensors for distinct 
safety applications and to sensor data fusion for the performance 
enhancement and robustness of functions. This activity is 
supported especially by PROFUSION1 and 2 horizontal 
subprojects. The results from these projects complement the 
integration activities especially concerning the perception layer in 
the functional architecture. 

For the integration of various safety functions, the INSAFES 
project eventually provided an opportunity to investigate how the 
subprojects' implementation of the general PReVENT architecture 
can be adopted and integrated into one system and to study how 
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flexible the architectural solution is. INSAFES put its main 
development effort on the creation of a common decision layer and 
studying the interfacing of it with different functions. One challenge 
was to find a level of integration that results in an increased 
performance but still allowing most of the different function 
components to be re-used.  

Overall, the following horizontal activities supported the project’s 
integration work and even activities beyond. 

1. The aim of the RESPONSE3 project was to create a 
consensus on a common Code of Practice (CoP) for 
the development, testing and market introduction of 
ADAS. It is meant to provide a link between research 
activities and series development of advanced driver 
assistance systems (ADAS). 

2. MAPS&ADAS project developed, tested and validated 
an applicable standard for an interface between ADAS 
and map data sources for accessing map data around 
the vehicle position, in order to enhance or enable 
preventive and active safety applications.  

3. ProFusion1 and 2 projects assessed the state-of-the-art 
in the sensor data fusion and derived the technical 
requirements for the IP PReVENT applications. Then, 
the major ProFusion2 activity was to push the sensor 
data fusion techniques used for driver assistance and 
active safety systems beyond the current state-of-the-
art and demonstrate in given PReVENT test vehicles.  

4. PReVAL subproject assess the impacts of applications 
developed and demonstrated in the PReVENT 
Integrated Project. Two main lines have been chosen: 
(i) the analysis of the PReVENT evaluation results and 
the assessment of the safety potential of PReVENT 
functions (ii) the development of an integrated 
framework for the assessment of active and preventive 
safety functions (see Chapter 4.3.4 Evaluation – 
PReVAL horizontal subproject) 

5. Finally, the INSAFES subproject realized the true 
integration of PReVENT activities by developing and 
demonstrating first prototypes of the electronic safety 
zone around the vehicle (see Chapter 4.3.5 - 
Integration of applications – INSAFES subproject). 

 Code of Practise for the development and testing of ADAS 
(RESPONSE3) 

The PReVENT subproject RESPONSE3 continued the work of 
previous RESPONSE 1 and 2 projects addressing different legal 
issues implicitly associated with the development and use of 
advanced safety systems.  

RESPONSE3 is elaborating and promoting a European Code of 
Practice (CoP) to accelerate the market introduction of Advanced 
Driver Assistance Systems (ADAS). The CoP aims to support 
manufacturers to “safely” introduce new safety applications 
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through an integrated perspective on human, system and legal 
aspects (Figure 3.12).  

The object of RESPONSE3 is to make the Code of Practice a kind 
of de-facto standard for the development and testing of ADAS 
across automotive industry. Translating the key concepts of 
‘reasonable safety’ and ‘duty of care’, the CoP laid basis for the 
definition of development and testing of ‘safe’ ADAS, also from a 
legal point of view.  

The Code of Practice provides a usable ADAS description 
concept, including ADAS-specific requirements for the system 
development. It summarises best practices and proposes methods 
for risk assessment and controllability evaluation. RESPONSE3  
elaborated a checklist to verify whether all specific development 
aspects have been taken into account. The checklist is subdivided 
into evaluation concepts related to controllability. These concepts 
are clustered according to three levels of information processing: 
(i) perception (ii) decision and (iii) performance. 

With the wide acceptance achieved for the Code of Practice, 
RESPONSE3 contributes to an accelerated market introduction of 
Advanced Driver Assistance Systems including also preventive 
safety applications. CoP is becoming the key instrument to help 
engineers developing safe products, industry to control their risks, 
and the authorities to understand and follow the development and 
testing processes of intelligent vehicle safety systems. 

 

Figure 3.12: RESPONSE Code of Practise (CoP) process. 
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 Enhancing the Use of Digital Maps (MAPS&ADAS) 

Digital maps have large potential for road safety to enhance or 
enable preventive and active safety applications by extending 
driver horizon. As a predictive sensor called ADAS horizon, digital 
maps are an additional source of information providing ‘look-
ahead’ capability for ADAS applications (Figure 3.13). 

The MAPS&ADAS subproject is driven by the needs brought up in 
the ADASIS Forum discussions on the use of digital maps as 
primary and/or secondary sensors for ADAS. The needs are as 
follows: 

 The access to map data by applications other than 
navigation requires a standardised interface to avoid 
specific solutions dependent on OEMs and application 
suppliers. This will enable reduction of implementation 
costs and near future market introduction. 

 The production of ADAS maps requires the generation of 
ADAS attributes. 

Within the PReVENT Integrated Project, the three-year 
MAPS&ADAS horizontal subproject developed, tested and 
validated appropriate methods in generating, certifying and 
maintaining ADAS attributes to enable the provision of ADAS 
maps as well as a standardised interface between ADAS 
applications and ADAS map data sources for accessing map data 
regarding vehicle position. As a cross-functional subproject, 
MAPS&ADAS supported PReVENT vertical subprojects which 
implemented the ADAS Interface in their applications. 

MAPS&ADAS contributed to integration level results by: 

 Providing an ADAS Interface ready for the implementation 
by PReVENT applications. 

 Creating new methods for the acquisition of ADAS 
attributes for the cost-effective provision of accurate and 
up-to-date ADAS Maps which comply with ADAS 
application requirements. 

 Provision of ADAS Maps for PReVENT application test 
sites in Lower Saxony, Torino, Valladolid and Gothenburg. 

 Safety impact assessment of ADAS maps. 
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Figure 3.13: MAPS&ADAS overall concept. 

MAPS&ADAS implemented different applications in order to 
validate concepts developed in the subproject: 

 Test container and visualisation module to test and validate 
the four ADAS Horizon Provider systems developed within 
MAPS&ADAS. 

 Adaptive Cruise Control (ACC) to evaluate the ADAS 
Interface implementation within a commercial application. 

 Driver Warning System (HotSpot and Speed Limit 
Warnings) to assess the safety impact of ADAS MapsACC 
(Adaptive  Cruise Control) to validate the ADAS interface. 

 Sensor Data Fusion (ProFusion 1 and 2) 

PReVENT addresses major preventive safety issues where 
reliable environment perception and events interpretation are 
required.  ProFusion subprojects developed techniques that widely 
exploit multi-sensor approaches and sensor data fusion. Horizontal 
activities were carried out that ensure and encourage the use of 
multi-sensor systems advancing the current state-of-the-art. The 
ProFusion subprojects fulfilled this need. 

ProFusion followed a two-step procedure: during a short initial 
phase of six months, the subproject ProFusion1 was in close 
connection to all PReVENT vertical subprojects that led activities 
related to sensors and sensor data fusion. At the end of this 
preparatory phase, recommendations for a proposal on sensors 
and sensor data fusion concepts were given.  
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As a second step, the R&D-oriented project ProFusion2 focused 
on research with a broader interest in the field of sensors and 
sensor data fusion. 

The objectives of ProFusion1 were to: 

 Create and lead a forum on sensors and sensor data fusion 
within PReVENT. This forum made the ‘centre of 
excellence’ and focal point for information and know-how 
exchange in these topics, with information flowing from and 
to vertical application oriented subprojects. 

 Gather information on the state-of-the-art, analyse the 
abilities, limitations and orientations chosen by vertical 
subprojects, concerning sensors and low/high level sensor 
data fusion; complement information collected with surveys, 
reviews, concepts from research, synthesize results and 
issue reports on state-of-the-art. 

 Identify and define needs for original research work of 
common interest for the Preventive Safety community in the 
field of sensors and sensor data fusion, issue guidelines 
and recommendations to be used by ProFusion2. 

The major objective of ProFusion activities was to advance the 
sensor data fusion techniques used for driver assistance systems 
beyond the current state-of-the-art. This was done by setting up a 
modular and interoperable fusion architecture for multi sensor 
systems, which integrates diverse approaches (e.g. low and high 
sensor data fusion, algorithms for situation refinement, etc.).  

ProFusion2 pushed the sensor data fusion techniques used for 
advanced driver assistance systems beyond the current state-of-
the-art. A modular and interoperable fusion architecture for multi-
sensor systems was set up which integrated different approaches. 

ProFusion2 objectives were to: 

 Develop concepts and methods for sensor data fusion to 
improve the reliability and robustness of perception 
systems.  

 Define and implement a flexible and modular architecture 
for fusion systems with diverse approaches.  

 Establish and maintain the Fusion Forum, which promotes 
sensor data fusion in ADAS and active safety systems. 

ProFusion2 provided an extended view of the vehicle environment 
to applications. Data structures were defined at each processing 
step during the fusion process all the way from raw sensor data to 
signal features and objects detected in the environment. 
Different benchmark architectures and approaches were 
developed and tested using this functional model, namely early 
fusion, multi-level fusion, fusion feedback, track-based fusion, and 
grid-based fusion.   
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ProFusion2 was strictly geared to the perception demands of a 
variety of function-oriented IP PReVENT demonstrator vehicles. 
Particular emphasis was given to the comparative assessment of 
the various sensor data fusion approaches, particularly with regard 
to the status accomplished by the subprojects without the 
attainment of ProFusion2.  

Five subprojects with their demonstrator vehicles participated in 
the benchmarking activity:  

 COMPOSE: BMW contributing to VRU (vulnerable road 
users) recognition.  

 INSAFES: CRF with its all-around collision warning.  

 SASPENCE: CRF with the safe speed and safe following 
function. 

 APALACI: Daimler with occupant protection function.  

 COMPOSE – SAFELANE: Volvo Technology with lane 
keeping and braking collision mitigation on trucks.  

Through workshops and symposia, the Fusion Forum encouraged 
an exchange of information and knowledge among experts in the 
field of sensors and sensor data fusion with OEMs, suppliers and 
research groups from within and outside IP PReVENT. ProFusion2 
served the broad automotive sensor data fusion community as a 
conceptual framework of common understanding and provided 
recommendations and guidelines for implementation of fusion 
systems. 

3.3.4 Evaluation of PReVENT applications impacts – PReVAL  
Since PReVENT is targeted to substantially enhance the safety of 
travel, it is natural that the projects should also make first 
estimates of the safety impacts of different applications and the 
integrated safety systems.    

Consequently, the objective of the PReVAL horizontal subproject 
was to assess the magnitude of PReVENT safety impacts. Since a 
complete PReVENT system does not exist yet, the work dealt with 
above all a prediction of possible impacts assuming different 
penetration rates for various PReVENT systems (Figure 3.14). 

The work in PReVAL followed two main lines: 

 The development of an integrated assessment framework 
for the assessment of active and preventive safety 
functions.  

 The analysis of the PReVAL results. 

Eventually, PReVAL aimed at the development of a complete and 
comprehensive assessment framework for the safety functions. 
This framework used the experience accumulated in the technical 
and HMI-related evaluation activities in the various PReVENT 
subprojects. All of these conducted evaluation activities of their 
own, which, obviously, were designed to meet the particular needs 
of the subproject in concern. In parallel, PReVAL investigated also 

http://www.prevent-ip.org/en/prevent_subprojects/vulnerable_road_users_collision_mitigation/compose/compose_02.htm�
http://www.prevent-ip.org/en/prevent_subprojects/horizontal_activities/insafes/insafes_02.htm�
http://www.prevent-ip.org/en/prevent_subprojects/safe_speed_and_safe_following/saspence/saspence.htm�
http://www.prevent-ip.org/en/prevent_subprojects/vulnerable_road_users_collision_mitigation/apalaci/apalaci_02.htm�
http://www.prevent-ip.org/en/prevent_subprojects/vulnerable_road_users_collision_mitigation/compose/compose_02.htm�
http://www.prevent-ip.org/en/prevent_subprojects/lateral_support_driver_monitoring/safelane/safelane_02.htm�
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the activities carried out in related IPs and STREPs such as 
APROSYS, AIDE and eIMPACT. The aim was, on the one hand, to 
identify what can be called “best practice in evaluation” and, on the 
other hand, to find out, how the application specific evaluation 
activities carried out in the PReVENT subprojects or related 
integrated projects can be generalized in a way, that they produce 
the expected, comparable results. 
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Figure 3.14: PReVAL assessment Framework.  

3.3.5 Integration of applications – INSAFES  
The final goal of PReVENT was to integrate different ADAS and 
passive safety application on dedicated platforms. The INSAFES-
subproject highlighted the integration activities within PReVENT 
(Figure 3.15).  

The Scientific and Technological Objectives of INSAFES included: 

1. The development of new advanced functions not covered 
in the context of PREVENT (e.g. lateral collision 
warning/mitigation for trucks). 

2. The integration of existing functions in a new innovative 
warning/intervention application (e.g. integrated lateral 
control merging lane keeping, lane change and lateral 
collision functions). 

3. The enhancement of existing vertical subprojects’ functions 
using a higher level of perception (e.g. using lateral and 
rear area obstacles for the lane keeping support task, 
integrating strategies of longitudinal collision warning and 
semi- or autonomous collision mitigation intervention).  

4. The enhancement of the robustness of the sensor system 
through the use of synergistic and redundant source of 
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information aiming at an effective 360 degrees coverage 
and the extension beyond driver’s visual field by means of 
hazard messaging (wireless local danger warning). 

At the same time, the goal of INSAFES was to improve the 
functionality and reliability of applications developed within 
PReVENT and to advance from stand-alone safety applications, 
targeting one specific function each, to an integrated system, 
covering a number of different applications. This priority of 
INSAFES focused on the full coverage of the surrounding of a 
vehicle in order to warn the driver, intervene or even mitigate the 
consequences of an accident. INSAFES addressed the proper use 
and interpretation of all the information available from sensors or 
functions and also the subsequent situation and risk assessment 
having been developed in PReVENT. INSAFES aimed at realising 
a high level integration of the following functions: 

1. APALACI - VRU and collision mitigation (VRU 
recognition/warning; pre-crash; collision mitigation). 

2. LATERALSAFE - Lateral supports of the vehicle (lane 
change assist; lateral collision warning. 

3. SASPENCE - Safe Speed and Safe Distance (safe 
speed in curves; safe distance. 

4. SAFELANE - Lateral support of the vehicle (lane keeping 
support). 

5. WILLWARN - Early danger warning through 
communication. 

INSAFES integrated a cluster of sensors into “all-around 
monitoring sensor system” and functions (longitudinal and lateral 
control with extended electronic horizon) that enable the design of 
next generation automotive preventive safety applications. 

3.4 Cooperation with other Integrated Safety Programme projects  
The Integrated Safety Program (ISP) was implemented under the 
leadership of EUCAR (the European Association for Collaborative 
Automotive Research) and includes several projects funded in 
FP6, each addressing a key aspect of integrated safety: 

 AIDE, focusing on human-machine interaction and 
Driver Behaviour.  

 APROSYS, focusing on passive (or protective-) safety 
systems. 

 EASIS, focusing on the enabling electronic architecture. 

 GST, focusing on a global architecture for telematics 
services. 

 PReVENT, focusing on active- (or preventive-) safety 
systems. 
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Figure 3.15: INSAFES application area  

Integrated safety systems, as they are developed in PReVENT, 
are highly complex and usually require components from more 
than one vehicular domain. The PReVENT subprojects 
COMPOSE and APALACI for instance developed systems, that 
mitigate the consequences of a collision  through intervention of 
active structural components such as controllable bumpers, crash 
boxes, hoods, safety belt pre-tensioners etc. They are all located 
in different vehicular domains such as cabin or chassis. Some 
systems even influence the powertrain, which would then make an 
additional domain. Furthermore, sensing systems have to be 
integrated and, obviously, for the final system 100 % reliability has 
to be ensured, since theses systems are safety systems, where a 
failure may have fatal consequences. 

Even if PReVENT is dealing with prototype systems, which serve 
to demonstrate and evaluate the system functions and is not 
aiming to introduce commercial products, the PReVENT engineers 
have designed their systems in a way that these can be 
transferred into products by the development departments of their 
companies at a short term. This adds additional complexity to the 
systems already at the research stage that needs to be handled 
and requires skills and knowledge of specialized system 
architecture experts. The EASIS project offered this expertise. In 
particular, the PReVENT subproject INSAFES needs to be 
mentioned here, since this subproject has been integrating 
systems and components developed by the other subprojects 
APALACI, LATERAL SAFE, SASPENCE, SAFELANE and 
WILLWARN into one demonstration vehicle, which requires for 
proper functioning a very well designed system architecture 
already in the prototype state. The work done in INSAFES shows 
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how the different skills in PReVENT, EASIS and AIDE can be 
combined in order to realize a reliable safety system. 
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Figure 3.16: Cooperation beyond PReVENT 

In terms of HMI, PReVENT is in a similar situation. The skills and 
knowledge are there to realize a prototype system, which works to 
present the functions and has a basic Human Machine Interface. 
However, there is certainly not the in-depth knowledge, that is 
necessary to design a HMI that fulfils the high requests of a 
production system.  

Since the time necessary to transfer PReVENT prototype systems 
into marketable products must be as short as possible, 
marketability issues need to be considered already at the 
beginning, where the help of HMI experts is important. But HMI 
experts are not only needed with regard of commercialisation. 
PReVENT is realizing safety systems, and they have particular 
HMI needs. It must be self explanatory and easy to understand 
and if it is an system, that, hopefully, becomes active only very 
rarely, such as an emergency breaking system, it must be ensured 
through a proper HMI, that the driver is not surprised or even 
shocked by the sudden system intervention and, in the worst case, 
overrides the system, where it had been better to let the system 
work in order to prevent an accident.  

The respective experts can be found in the AIDE Integrated 
Project and, as with EASIS, PReVENT has established close links 
to this project for a mutual benefit.  

Figure 3.17 below illustrates how collaboration and synergies 
between the projects in the field of Integrated Safety in the 
research phase contribute to the commercialisation of PReVENT 
safety systems. As can be seen, EASIS is in a centre position 
since its task is to provide a standardized in-vehicle electronics 
architecture and a standardized system engineering approach, 
both crucial for safety systems with high complexity as in 
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PReVENT. The picture also visualizes the links between 
PReVENT and AIDE, which are associated either directly, when 
the expertise of AIDE is needed in HMI design or through EASIS, 
when given HMI issues need architectural support.  

Also the projects APROSYS and GST are included in this group, 
since these integrated projects influence PReVENT systems by 
developing telematics based safety systems (GST) and enhanced 
restraint and protections systems (APROSYS). 

 

Figure 3.17: Illustration of the long-term objective of the Integrated 
Safety Programme interactions. 

3.5 Conclusions on the approach selected  
The work envisaged in PReVENT was not an isolated large 
research and development activity but rather a complex net 
knitting together the earlier work during the past 25 years or so in 
the field of intelligent vehicle safety systems.  

Furthermore, horizontally thinking, the activities in this field needed 
to be coordinated beyond PReVENT to solve fundamental issues 
like continuously increasing use of electronics in vehicles, the 
rationalisation, more synergetic use of sensors and higher 
demands for fast data processing needed for environment 
perception – the task drivers can not always cope with. These 
issues, even though addressed in PReVENT could not be solved 
alone in this integrated project but rather needed parallel activities 
to provide generic solutions for vehicle functional architecture 
design and ways to handle large amount of data produced by 
sensor network eventually covering the vehicle surroundings. 

When it comes to operating future vehicles, a big and still 
unresolved issue is to make the vehicle and driver cooperate in a 
way giving driver the feeling of vehicle control and not to over-
burden him/her with excessive flow of information. This is currently 
one of the greatest challenges automotive industry is facing. This 
issue needed support from outside and the cooperation with AIDE 
integrated project was necessary to understand what the driver 
needs, is capable of coping with, and help the vehicle to adapt to 
driver behaviour rather than vice versa. Eventually, the driver 
needs to be in control and responsible for the vehicle. 
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Finally, future vehicles will not be stand-alone systems but interact 
with the outside world. The increasing digital convergence on one 
hand, and the need to inform the driver well ahead of potential 
hazards on the other hand set new requirements for the interfaces 
and their openness on how to communicate with different 
background systems and other vehicles. Vehicle occupants will 
also use different telematics services and also this aspect needed 
cooperation with parallel projects, especially from the HMI point of 
view. 

The work carried out in PReVENT is not only developing advanced 
safety systems but very much developing new technology 
paradigm and design philosophy that can be used by the entire 
automotive world in cooperation. This ensures affordable 
components, sub-systems and eventually ensures a faster market 
introduction of future intelligent vehicle safety systems.  
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4 Project achievements, innovation and S&T quality  

4.1 Introduction 
The project meeting the objectives as well achievements, 
innovation and scientific quality are described below concerning (i) 
vertical activities in system development and pre-integration efforts 
in putting together sub-systems needed for an electronic safety 
zone around vehicles (ii) horizontal activities related to sensor 
fusion, digital maps and safety impacts and (iii) in integration 
making the first real effort towards an integrated platform able to 
see around the vehicle. Also the sensor development carried out 
supports the reliable environment perception that is the key factor 
for integrated safety systems. 

Below, PReVENT meeting the objectives are explained followed 
by subprojects showing their main achievement and innovations 
and showing their relation to the integration activities with the 
inclusion of the horizontal subprojects too. 

The structure presented already earlier in this report is followed. 
The first is covered vertical activities by the four main areas: 
forward driving, lateral control, intersection safety, collision 
mitigation & vulnerable road user protection to be followed by 
different horizontal activities supporting the vertical project work for 
sub-systems to create the electronic safety zone when integrated 
in the integration project INSAFES.  

4.2 Meeting the IP project objectives  

4.2.1 General objectives 
PReVENT envisions the early availability of advanced, next 
generation preventive and active safety applications and enabling 
technologies and an accelerated deployment on European roads.  

In accordance with goals above, the PReVENT main objectives 
were to: 

1. Develop, demonstrate, test and evaluate preventive safety 
applications, using advanced sensor, communication and 
positioning technologies integrated into on-board systems 
for driver assistance  

2. Assist technological development and integration as well as 
decreases component costs  

3. Contribute towards rapid market introduction and field 
penetration by helping to overcome major barriers including 
risk assessment and liability issues in introducing such 
systems  

4. Enhance awareness of the active safety approach 
(roadmaps, systems, common architecture including 
infrastructure, cost efficiency and benefits to the potential 
users) leading to increased user demands for 
preventive/active safety systems. 
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4.2.2 Achieving the Integrated Project objectives 
 

The four IP level objectives defined in the Technical Annex are 
listed below. Overall, they were all met (see also Table 4.1). The 
achievements illustrated further on, show how the vertical 
subprojects built a number of functions, applications and 
demonstrator vehicles and how the functions were integrated on 
dedicated platforms and how all this was brought the public.  

Objective 1: Develop test and evaluate preventive safety 
applications. 

More than 25 demonstrator systems have been successfully 
developed and demonstrated within PReVENT. This was done in 
the function fields 

 Safe speed and safe following (subprojects SASPENCE 
and WILLWARN); 

 Lateral support (subprojects SAFE LANE and LATERAL 
SAFE); 

 Intersection Safety (subproject INTERSAFE); 

 Collision Mitigation (subprojects APALACI, COMPOSE and 
USERCAMS) 

 Integrated platform (subproject INSAFES) 

Thus this objective has been fully achieved. 

 Objective 2: Assist in technological development and integration. 

 In the subproject PROFUSION new concepts on low and high level 
data fusion strategies have been developed. They were implanted 
and integrated on a vehicle platform in the subproject INSAFES, 
together with the electronic horizon developed in MAPS&ADAS.  

 Thus this objective has been fully achieved. 

 Objective 3: Contribute to market introduction.  

 The Code of Practice for the development and testing of ADAS 
was developed in the subproject RESPONSE. It focuses on 
integrated systems and human factors and gives advice regarding 
legal and liability issues. Therefore, the Code of Practice is 
prerequisite for the deployment of ADAS. It is now in practical use 
at the OEMs. 

Thus this objective has been fully achieved. 

 Objective 4: Create awareness on active safety approach.  

 By means of numerous dissemination and liaison activities in the 
cross-functional fields (subprojects MAPS&ADAS, RESPONSE, 
PROFUSION, PREVAL and IP dissemination and IP liaison) this 
objective has been reached. As an example the highly successful 
IP exhibition drew the attention of high ranking visitors and about 
900 technical experts in the field, 

The state of achieving the project objectives thus can be 
summarised as follows (Table 4.1) 
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Table 4.1 Meeting the Integrated Project level objectives. 

IP level objective Meeting the objective Explanation 

1- Develop test and evaluate 
preventive safety applications 

Yes, fully achieved More than 25 demonstrator 
systems have been 
successfully developed and 
demonstrated 

2 – Assist technological 
development and integration 

Yes, fully achieved Further development of sensor 
fusion techniques implemented 
on a common architecture and 
vehicle integration 

3 – Contribute to market 
introduction 

Yes, fully achieved Development and successful 
deployment of a code of 
practice for the development of 
ADAS 

4- Create awareness on active 
safety approach 

Yes, fully achieved Numerous publications of 
project results at conferences 
an press, highly visible and 
popular web site, IP exhibition 
with about 900 visitors 

 

4.3 Achievements and innovations in vertical activities 

4.3.1 Forward control of a vehicle 

 Safe Speed and Safe Distance Support Systems (SASPENCE) 

 Motivation 
Accidents associated with excessive speeds and too short 
headways are by far the most frequent in motorised traffic. For this 
reason, systems addressing these driver errors have a huge 
potential for improving the safety and fluency of traffic flow. 
Furthermore, speed is not only associated with the accident risk 
but also the severity of a crash. A well established fact in 
international research indicates that 1 km/h change in the mean 
speed of traffic flow produces a 3 % decrease in the proportion of 
injury accidents. Moreover, on motorways, vehicles deviating 
considerably from the median speed are over-involved in 
accidents.  

Most of the SASPENCE functions are aimed at different areas of 
the road network such as urban, rural and motorways, taking into 
account the difficulties and drawbacks in technical and in 
behavioural terms. Depending on the accident review carried out,  
expected reduction of all rear-end collisions vary from about 20 % 
to close 50 %, the greatest reduction potential being in urban 
areas for these type of accidents.  

In order to speed up  the market introduction of the applications 
addressing these two accident types, different versions of the Safe 
Speed & Safe Distance applications were developed and 
demonstrated in the project - from simple to more complex ones. 
SASPENCE applications have a great potential to meet the EC 
target of a significant reduction of accident rates even in short 
term.  
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 Objectives 
The main goal of SASPENCE was to develop, evaluate and 
demonstrate an innovative system able to assist the driver in 
maintaining appropriate speed and safe headway to vehicles 
ahead. 

The system cooperates seamlessly with the driver, suggesting the 
appropriate speed sufficiently long distance to a vehicle ahead. 
This system concept was implemented in two demonstrator 
vehicles, showing the benefits on safety impact by means a set of 
tests on real roads. 

Furthermore, the subproject aimed at this goal by developing low-
cost enhanced vehicle “intelligence” through a novel integration of 
smart components and safety systems already available or 
entering the market shortly such as Adaptive Cruise Control, Lane 
Departure Warning and navigation systems. This facilitates 
bringing the SASPENCE system to the market in the near future. 
Moreover, the objective was to assess and show the positive 
impacts of such systems on traffic safety and efficiency. 

In order to reach the main objectives described above, the 
following scientific and technological development phases were 
needed in the project. 

(i) Development and evaluation of the Safe Speed & Safe Distance 
applications in two test vehicles, considering the different system 
configuration and taking into account the real external situation as 
well as the technical limitations of the system itself (e.g. due to the 
sensor system constraints). In particular, new criteria were used in 
the assessment of the safety impact of the Safe Speed & Safe 
Distance concept in the real traffic scenarios. 

(ii) Design and development of the proper HMI concept, especially 
the tactile accelerator pedal with a specific attention in warning 
strategies and criteria selection, which has to satisfy not only the 
issues to be always “on demand”, private and personalised, but 
also ‘lean and efficient’. 

(iii) The system performances and reliability was based on the 
selected sensor system and on the data fusion strategies as well 
as on reference optimal manoeuvre plans (which considers both 
obstacles and curves ahead) and related comparison with real 
driving behaviour.  

(iv) The system performance was also based on a combination of 
the radar data, image processing data from camera and 
information from enhanced digital maps and navigation system in 
order to reach an accurate external scenario description. 

(v) Functional requirements, system specifications and safety 
criteria statements, in order to define the system main 
functionalities and components (by SW and HW architecture point 
of view) as well as to prepare the impact assessment of 
SASPENCE system on traffic safety. 

(vi) In the course of the project, a lot of information was obtained to 
improve the system functionality and reliability, which helped to 
optimise the cost/performance ratio. Finally, the performance of the 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 58 

Safe Speed assistance system was assessed under well-controlled 
laboratory and real-life conditions. 

 Achievements and innovation 
The SASPENCE project used off the shelf components and 
devices in order to accelerate the deployment and introduction of 
speed management and headway control systems. However, a 
high level of integration in using such components and intelligence 
beyond state of the art were needed to realise the SASPENCE 
applications. 

SASPENCE introduced a number of innovations, based on 
previous projects in terms of applications, technology, scenario’s of 
use and HMI concepts listed in the following: 

(i) Applications. The Safe Speed system design was based on 
accidentology approach and aimed at the restriction of lateral 
acceleration inside curves, speed control depending on the 
external situation and distance control to obstacles to avoid rear-
end collisions. 

(ii) Technology. Existing technologies were exploited as far as 
possible like using a sensor array for data fusion and cross-
checking to achieve maximum functional reliability for the functions 
developed. Modular architecture and software implementation 
were used to reconfigure the system according to existing vehicle 
equipment for a cost effective solution. In order to overcome 
technical constraints of the sensors in given conditions (i.e.: an 
obstacle behind a curve), different technologies were explored and 
further optimised such as the use of a short-range radar and 
vehicle-to-vehicle (V2V) communication in the medium range. 
These kinds of approaches were needed and surveyed to deal 
with the on-coming vehicle in given situations. Another 
technological innovation concerns the use of the active booster of 
the braking system designed to provide active pulsed feedback to 
the driver to support her in the braking action. 

(iii) Scenarios of use. Existing sensing systems can identify the 
presence of obstacles, and the systems are able to support the 
driver, generally, in front of the vehicle or only on “single slices” of 
the external scenarios around the vehicle. Consequently, different 
sensor technologies need to be integrated today in the vehicle to 
provide a complete support in all scenarios from typical highway to 
rural and inter-urban roads with varying curve radius. For safe 
distance applications, the system is considered as class IV 
according to ISO TC204/WG14 standard on “Forward Vehicle 
Warning System”. In this context, the assignment of a defined level 
of risk to the external situation is fundamental; the scenario 
assessment includes the reconstruction of the scenario 
surroundings for the vehicle and the prediction of its path.  

(iv) HMI. Recent studies on human factors area suggest that 
technological solutions per se do not necessarily improve safety. A 
proper design of the human-machine interface and driver-system 
communication is of paramount importance for system's 
acceptability and efficiency (see Figure 4.1). Those aspects have 
been addressed in the project mainly by the use haptic feedbacks 
given to the driver by an active accelerator pedal (“Force feedback 
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system”). In fact, current technical development and field trials 
have clearly demonstrated the viability of new speed and distance 
management methods in improving traffic safety. In order to reach 
it, the “Force feedback system” interacts with different sources of 
information. This “Force feedback system”, used in a “half open” 
state of mode (i.e. possibility of a kick down function), is regarded 
as the best solution based on studies carried out. Other 
accelerator pedal design features such as adjustable resistance, 
“click in the accelerator” and vibrator were tested and implemented 
in the test vehicles as well as other possible innovative tactile HMI 
devices. 

 

DistanceSpeed DistanceSpeed

 

 

 

DistanceSpeed DistanceSpeed

 

 

  

Figure 4.1: SASPENCE test vehicles. 

 Integration 
As depicted in the following (Figure 4.2), SASPENCE subproject 
has extensively contributed to the integration inside PReVENT. 
The main integration aspects are described below. 

After the participation in requirements definition phase for the use 
of digital road maps for ADAS applications together with the 
MAPS&ADAS subproject, the SASPENCE system is now using 
the Electronic Horizon Provider and digital maps delivered from 
MAPS&ADAS. The main integration activities are the following:  

(i) MAPS&ADAS partners digitized the SASPENCE test tracks in 
Italy and Spain that have been used for tests with subjects in order 
to obtain more accurate geometry and extra features for the map 
such as number of lanes, landmarks and speed limit signs. The 
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same was also done at the test track in Versailles for the IP 
Exhibition. 

Moreover, MAPS&ADAS provided the Electronic Horizon Provider 
(EHP) SW running inside the demonstrator vehicles. EHP was 
needed for featuring the road in front of the vehicle that is 
combined with the other information inside “Fusion for Road 
Geometry Estimation” to generate the description of the road 
scenario used by the system. 

(ii) ProFusion2. With respect to ProFusion1 and ProFusion2, 
SASPENCE delivered its requirements in the definition phase. 
Moreover, SASPENCE was one use case for ProFusion2. This 
means that ProFusion2 algorithms were used in one SASPENCE 
test vehicle for the development and evaluation of enhanced data-
fusion techniques. 

(iii) RESPONSE3. SASPENCE subproject also contributed directly 
to the definition of the Code of Practice (CoP) realised inside 
RESPONSE3 subproject. Moreover, the SASPENCE function was 
used as a use case for the CoP in its draft form in order to receive 
feedback for the fine-tuning of CoP. 

(iv) WILLWARN. The vehicle-to-vehicle communication system 
inside SASPENCE is considered as a possible extension of 
system functions. It is not necessary, but can provide useful 
additional information such as the road condition or the position of 
other objects along the route. Therefore, the communication 
system used inside the project was defined together with 
WILLWARN so that the two functions can be delivered 
simultaneously. 

(v) APALACI. While SASPENCE is dealing with medium and long 
range objects and situations, projects devoted to collision 
mitigation functions such as APALACI are investigating the 
vehicle’s immediate vicinity in front by means of short-range 
sensors. However, in an integration perspective, when the 
obstacle is passing from one area to the other, this transition 
should not be noticed by the driver, that has to be exposed to a 
continuous and coherent flow of information from HMI and vehicle 
control. For that reason, warning and intervention strategies inside 
SASPENCE and APALACI have been defined on a continuous 
way so that in any given situation the transition to another one is 
always smooth. 

(vi) INSAFES. SASPENCE provided some important building 
blocks to INSAFES application, which were used, and if 
necessary, adapted for the INSAFES implementation. 

The main building blocks derived from SASPENCE and used in 
INSAFES were: 

 Sensor array 

o Long Range Obstacle Detection, 

o Vehicle-to-vehicle communication, 

o Lane Detection, 

o Maps & Navigation, 

o Ego Data, 
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o Vehicle Global Positioning. 

 Scenario Assessment 

o Position and Ego-State Estimation, 

o Fusion for Road Geometry Estimation, 

o Obstacle Path Prediction, 

o Host Vehicle Path Prediction. 

 Decision Layer 

o Reference Manoeuvre (adapted), 

o Warning and Intervention Strategies (adapted). 

 Action Layer 

o Active accelerator pedal. 

(vi) PReVAL. Finally, SASPENCE interacted with PReVAL for the 
definition of a common evaluation framework. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: SASPENCE integration activities. 

 Outlook 
Different technologies were used in SASPENCE and integrated 
into a complex system. However, the introduction of these 
components and technologies on the market is foreseen as a 
stepwise process.  

The exploitation plan of the project reflects the strategy adopted in 
SASPENCE: to use technologies and components available at 
prototype level, in order to have the technology ready for market 
introduction in the next few years. The main benefits derived from 
the SASPENCE project come from integration and from the way 

• Maps for Adas applications

• Sensor data fusion
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• Integration• Test plan
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that these technologies are used. This is mainly related to the HMI 
design. 

Some technologically mature components were further developed 
or investigated in depth inside SASPENCE. So, they can fairly 
soon enter the market, most probably in combination with other 
driver assistance functions that can benefit from these 
components. 

This applies e.g. to the Active Accelerator Pedal that has been 
extensively used inside SASPENCE and that is almost ready for 
the market introduction. It is not, however, clear yet in which 
function the Active Accelerator Pedal will be introduced first. 

The same holds for the Localisation Algorithms developed in 
SASPENCE. These algorithms use differential GPS and vehicle 
data (speed and yaw-rate) to evaluate vehicle position with a 
higher accuracy and update frequency when compared with simple 
GPS position. The first use of these algorithms will probably be 
inside navigation systems to track vehicle position more precisely 
on the road. 

Finally, the application developed in SASPENCE for Vibrating 
Seatbelt also constitutes a simple solution that can be quickly 
taken to series production, also for other kinds of warning 
purposes. 

The solutions adopted and tested in SASPENCE also give 
opportunities for improving existing driver assistance functions or 
introducing new ones. 

This is valid, for example, for Collision Warning function that is 
already on the market but can be improved with the use of Active 
Accelerator Pedal. As was demonstrated in the project, Active 
Accelerator Pedal used to warn the driver of a dangerous front 
object, results in a faster reaction time and is approved of users. 

Moreover, the SASPENCE project demonstrated the usefulness of 
a Curve Warning system based on accurate digital road maps and 
Localisation Algorithms to warn the driver of excessive speed 
when approaching a curve. For this single function, a simplified 
version of the Reference Manoeuvre computation can be used and 
information to the driver can be given inside the speedometer, as 
was also shown in the tests. The use of warning icons and 
indication of reference speed in the speedometer is easily 
achievable by means of currently available technologies in the 
production of the instrument cluster. 

Finally, the combination of these elements and other ones 
developed in the system constitutes the SASPENCE system that is 
expected to be introduced later mainly for integration aspects. 

The SASPENCE system, as can be foreseen now, could comprise 
of collision and curve warning capabilities integrated in the Safe 
Speed and Distance concept. Basic components will be the long-
range radar, the lane recognition system, the positioning system 
(DGPS), the active accelerator pedal and the visual display 
integrated with the speedometer. The vibrating seatbelt could be 
used too, but it still needs further development. 
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As modules, the system will integrate main SW-blocks for the road 
map database, the localisation algorithm, the obstacle and the 
road fusion modules, the computation of the reference manoeuvre 
and the warning strategies. 

However, past experience has shown that often the ideas find their 
ways differently to the market as foreseen in the end of the 
research stage. 

The next Table summarises the achievements in the safe speed 
and safe distance application areas. 

 
Table 4.2: Main achievements in Safe Speed and Safe Distance 
application area. 

 
Objectives: develop, evaluate and demonstrate an innovative system assisting the driver 
in maintaining appropriate speed and safe headway to vehicles ahead 

Achievement/ application  The Safe Speed system 
aimed at the restriction of 
lateral acceleration inside 
curves, speed control 
depending on the external 
situation. 

Successfully demonstrated. 

Achievement/ application  Headway and distance 
control to vehicles and 
obsracles ahead. 

Successfully demonstrated. 

Achievement/ application  A sensor array for data fusion 
and cross-checking to 
achieve maximum functional 
reliability for the functions 
developed.  

Successfully demonstrated. 

HMI Tactile Accelerator Pedal, 
vibrating seat belt. 

Successfully demonstrated. 

Integration Requirements, specifications 
and HMI principles for safe 
distance and safe driving 
functions, The reference 
manoeuvre concept. Testing 
the commmunication system 
with WILLWARN. Study of 
warning strategies together 
with the APALACI-project.  

 

 

 

 Wireless Local Danger Warning System (WILLWARN) 

 Motivation 
Safe speed and safe distance are key factors for safe driving. This 
is the reason why a dedicated function field for this topic was 
defined as was shown in the SASPENCE project above. Here, the 
approach is different focusing on traffic and road conditions further 
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away. Within this function field, WILLWARN (Wireless Local 
Danger Warning) contributes to foresighted driving by means of 
vehicle communication. The project scope is early warning 
targeted to informing the driver of possible dangers a few seconds 
before the driver enters the hazard zone. 

Accident statistics show that numerous accidents are caused by 
driving too fast for conditions and with too short headways. Both of 
these behavioural features cause drivers react too late increasing 
thus the crash risk. German accident statistics from 2004 shows, 
that 27 % of all injury accidents were caused by inappropriate 
speed and short headways. Furthermore, many accidents occur 
under adverse weather conditions. According to the same 
statistics, bad weather was a contributing factor in 19 000 
accidents. 

Road safety can be improved by early warning based on vehicle 
communication. WILLWARN started with the ambition of closing 
the gap between former approaches like the simple “Extended 
Warning Flashlight” from the DEUFRAKO project IVHW – Inter 
Vehicle Hazard Warning and the ad-hoc network based systems 
from the German project FleetNET and the EU project 
CarTalk2000, which presumed high rates of vehicles equipped 
with communication. These projects are marking both ends of the 
scale of equipment rates, but a system was missing that had the 
chance to enter the market with an attractive high functionality and 
that prepares the way to high penetration rates. Thus WILLWARN 
aimed at a full application (not only communication technology and 
protocols) even when the system penetration rate is low in the 
beginning. 

 Objectives 
WILLWARN - Wireless Local Danger Warning - supports the driver 
in safe driving through inter-vehicle communication by creating an 
electronic safety horizon for foresighted driving (Figure 4.3). 

WILLWARN objectives were: 

 On-board hazard detection based on data from the vehicle 
buses e.g. obstacles, reduced visibility, bad road 
conditions, construction sites.  

 In-car warning management that takes care of low 
equipment rates and determines how long and how far 
messages are transported in the car (application based 
routing). 

 Decentralized distribution of warnings and incident 
messages from store and forward to ad-hoc car to car 
communication (V2V). 

 Position based relevance check by comparison of vehicle 
position and the position trace leading to a dangerous spot. 

 Early driver warning by a graphical display and warning 
tone only if the driver is on the dangerous path. 

Requirements were set to enable an inexpensive system, which 
can be installed easily in cars of all price levels. WILLWARN 
requires access to the in-vehicle bus systems, in particular CAN, to 
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gather vehicle data form onboard sensor systems. A GPS antenna 
was used for position detection. WILLWARN used available low 
cost communication equipment off the shelf in a frequency band 
close to 5.9 GHz that is likely to be allocated in Europe soon. 

 Achievements and innovation 
The WILLWARN system was developed in three phases.  

(i) The first step included the definition phase in year one, when 
requirements and system specifications were worked out.   

Minimum requirements were: 

 CAN access. 

 GPS antenna. 

 Car computers. 

 Off-the-shelf radio and antennas. 

(ii) Next, the WILLWARN functionality was divided into logical 
modules. The overall architecture thereby followed the ProFusion 
guidelines. After the construction and integration phase in year 
two, algorithms and software modules were developed, and the 
preparation of the demonstrator cars was done.  

(iii) The third phase was used for integration and testing of 
modules and the whole system and for further refinements. Hazard 
detection algorithms were successfully evaluated mainly during the 
bad weather season of the year. The communication range of the 
radios and antennas was tested in static and dynamic conditions 
on the road. Final tests with all cars and a road side unit were 
carried out. They confirmed the proper functioning of the whole 
system. Communication parameters and protocols have been 
further evaluated by simulations.  
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Figure 4.3: WILLWARN communications concepts. 

The significant scientific and technological contributions of 
WILLWARN are: 

 Automatic hazard detection (slippery road surface). 

 Position-based relevance check. 

 Application-based routing and information dissemination in 
vehicular ad-hoc networks. 

A list of potential hazards was defined, and ideas for the automatic 
detection of hazardous situations were listed. Since some hazards 
like objects on the road need environment sensors such as a 
radar, lidar or computer vision, they cannot be detected by most 
cars. This is not in line with the idea of making WILLWARN system 
available for most cars. So, a decision was taken to base the 
automatic hazard detection only on hazards detected by data 
which is available on CAN buses of most cars. Nevertheless, data 
from future sensors concerning visibility and friction can be 
integrated into the algorithms. A programmable WILLWARN Road 
Side Unit (RSU) without detection functionality was developed to 
serve as a beacon for construction sites. WILLWARN warns other 
vehicles if an accident or a car breakdown is detected, because in 
this case the vehicle might become an obstacle for other vehicles. 
Reduced visibility and bad road conditions caused by adverse 
weather are detected by analysing the data from the driving 
dynamic assistance systems like ESP/DSC and the wheel speed 
information together with the information from the lights and 
wipers. Algorithms for that detection were developed. A simple but 
powerful new algorithm was developed for the detection of low 
friction.  

WILLWARN uses GPS for locating the vehicle and the hazardous 
position. WILLWARN does not require a navigation system nor a 
digital map, even though it might improve the relevance check. 
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Two methods for the position relevance check were developed. 
The first method compares the received position trace ending in 
the hazardous location with the actual trace of the car which has 
received the message. A simpler method matches only the 
position of the receiving car with a position tube around the 
dangerous trace. This robust method has been tested successfully 
and was used during system evaluation. If the receiving car is on 
the dangerous track, the driver is warned by a warning tone and 
through a graphical display a few hundred meters before the car 
enters the dangerous area. Furthermore, a navigation system can 
be used too if available for upgraded functions.  

A new approach for in-car Message Management and warning 
dissemination was developed within WILLWARN, decoupling the 
application functionality from the underlying communication 
technology. An application based routing by store and forward in 
the application layer and ad-hoc networking in the network layer 
was chosen. For low penetration rates the warning dissemination 
was done by ‘store and forward’. Messages have to be checked 
regarding their relevance of space and time. Multiple messages 
have to be combined to avoid long message lists. To enable ad-
hoc networking in a scalable network with many participants and to 
ensure the interoperability with other cooperative telematics 
services, the routing functionality from the German Network on 
Wheels project (NoW) was integrated and consolidated in the 
network layer of the communication system. 

An appropriate description of interfaces (HW/SW) enabled a 
successful modularization and realization in different cars and on 
different computers with different operating systems. Six 
demonstrator cars and two Road Side Units (RSU) were 
developed. All functions were tested and validated successfully. 
The range of the used communication system was sufficient, as 
expected. During the demonstrations, the whole WILLWARN 
function worked as expected. Validation studies on early warning 
showed that the WILLWARN function matched with drivers’ needs 
and that the assumption on early adaptation of speed and 
headway by the drivers approaching a hazardous spot was 
correct. These studies were carried out in the INSAFES project. 

Overall, the tests showed that WILLWARN system was functioning 
well on rural road and highway scenarios. The system enables a 
high benefit for the driver even at low equipment rates, because 
warnings are stored and physically transported in the cars when 
the equipment rates or the traffic is low. Oncoming traffic is used 
also for warning dissemination. A successful final workshop and 
demonstration was held in Boeblingen, Germany in 2006. 

 Integration 
WILLWARN cooperated with other PReVENT subprojects at 
common workshops, assemblies and also technically to be 
described below: 

INSAFES: Integration of WILLWARN communication system, 
contribution to architectural and integration aspects, sharing of 
work in the field of HMI issues and acceptance studies. 
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SASPENCE: WILLWARN shared communication hardware and 
protocols for direct communication with car ahead, definition of 
safe speed and distance, warning HMI. 

INTERSAFE: Communication link to traffic lights uses same radios 
as WILLWARN. 

 

Definition of Safe 
Speed and Distronic, 
Communication 

Integration of 
Communication 

Communication

Hot spots, 
requirements

Code of practice

Evaluation

HMI issues

Security, TPEG

Network layer 
(routing)

external

internal

C2C-C standardisation
 

Figure 4.4: WILLWARN integration activities. 

RESPONSE3: WILLWARN delivered a functional description and 
an outline of the responsibility of the driver regarding legal aspects 
and applied the code of practice.  

MAPS&ADAS: A map horizon and hot spots information can be an 
integrated part of an advanced WILLWARN system which is 
sharing map based hazard information. Map requirements from the 
WILLWARN point of view were delivered. 

ProFusion: Sensors used in WILLWARN and the requirements for 
advanced sensors and sensor fusion were delivered. 

PReVAL: Information about validation of WILLWARN sub systems 
and functions was shared. WILLWARN personnel participated in 
common meetings and contributed to the templates. 

 Outlook 
WILLWARN can be combined with existing infrastructure 
information from RDS/TMC, where some hazard warnings are 
already available. This improves the introduction phase where only 
few vehicles equipped with communication functionality are on the 
road. However, the warning and incident information generated 
and provided by WILLWARN have enhanced timing, reliability and 
a far better localization than today’s driver information systems. 
But it is not important for the driver who delivers the warning, 
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rather, the important point is that drivers want to have reliable 
warnings and in time.   

It takes some more years for WILLWARN market introduction. 
Frequency allocation is under way, and the standardisation is 
discussed on many levels in further projects and consortiums like 
Car-2-Car Communication Consortium (C2C-CC). It is noteworthy 
that algorithms and protocols developed in WILLWARN are 
independent of the actually used frequency band and 
communication standard. This guarantees that WILLWARN can be 
realized with other communication hardware in this emerging and 
fast developing technology field.   

Yet, the real-world effects of cooperative communication-based 
driver assistance on traffic safety depend on additional factors, 
especially driver compliance. For this reason, it is hard to estimate 
the real impacts at this stage. But if communicating the road 
condition and traffic situation in advance helps drivers anticipate 
hazards ahead one o two seconds earlier than today, this must 
have a lot of potential to save human lives and reduce severe 
injuries caused by wrong, delayed or missing driver action.  

It can be concluded that WILLWARN generated valuable results in 
abundance to be further exploited in the research of cooperative 
driving. Especially, communication-based early warning will be one 
of the first cooperative driving applications in the vehicle 
communication of tomorrow. 

The next Table summarises the achievements in the wireless local 
danger warning application area. 

 
Table 4.3: Main achievements in the Wireless Local Danger Warning 
application area. 

 
Objective: Develop an application supporting the driver in safe driving through inter-
vehicle communication by creating an electronic safety horizon for foresighted driving  

Achievement/application Automatic hazard detection 
(slippery road surface). 

Successfully demonstrated. 

Achievement/application Position-based relevance     
check. 

Successfully demonstrated. 

Achievement/application Application-based routing and 
information dissemination in 
vehicular ad-hoc networks. 

Successfully demonstrated. 

HMI Warning messages. Successfully demonstrated. 

Integration Requirements, specifications 
and warning message 
management strategy for the 
foresighted driving and early 
hazard warning function (part 
of the integrated longitudinal 
control of INSAFES) and also 
for the communication 
component. 
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4.3.2 Lateral control of a vehicle 

 Lateral and Rear Areas Monitoring Systems (LATERAL SAFE) 

 Motivation 
The most significant pre-crash scenario for LATERAL SAFE is a 
typical lane change when a vehicle changing a lane is side swept 
by another vehicle in the adjacent lane and bounced towards other 
vehicles or any other object. These crashes constitute some 50 % 
of all lane crashes. 

The LATERAL SAFE sensor system is activated in the situations 
described above. More than 20 % of crashes concern impacts in 
these areas. The accident figures are greatest in these lateral 
impact areas. 

From the user’s point of view, the results from the former LACOS 
project implied that for the lane change situations, traffic 
environment as well as the direction of lane change (left or right) 
seemed to have less influence in the execution of the lane change 
manoeuvre. On the other hand, traffic density and the course of 
lane (straight or ending) were considered as the most significant 
factors influencing the execution of lane change manoeuvres. 
Speed differences between the vehicles on the adjacent lanes is 
another important factor but not as crucial as the other ones 
described above. 

Covering the use cases defined above, the LATERAL SAFE 
project addressed a significant proportion of all accidents. In 
expanding urban environments and the aging population, the 
significance of lane change applications is accentuated. 

 Objectives 
The objectives of LATERAL SAFE were to develop: 

(i) a lateral and rear area monitoring application enhancing the 
driver’s perception and decreasing the risk of collision in the lateral 
and rear area of the vehicle particularly in conditions when the 
driving task is demanding due to a limited visibility or an increased 
workload of a driver. 

(ii) a Lateral Collision Warning (LCW) application that detects and 
tracks obstacles in the lateral and rear fields and warns the driver 
of an imminent accident risk such as a collision, road departure, 
merging etc.). This application can be stand-alone or improved by 
the surrounding model developed in the monitoring application. 

(iii) a stand-alone lane change assistance system with integrated 
blind spot detection assisting the driver in lane change 
manoeuvres while driving on roads with more than one lane per 
direction. 

Existing sensing systems can identify the presence of obstacles 
and are able to support the driver, generally, in the forward area of 
the vehicle or only “single slices” around the vehicle. 
Consequently, different sensor technologies needed to be 
integrated today in the vehicle in order to cover all the area around 
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it and to provide a full support in practically all traffic scenarios and 
in particular, in urban congested traffic. 

Thus LATERAL SAFE target was a key sub-system in the future 
ADAS area. The system is very progressive in enhancing the  
safety functions of upcoming vehicles, extending the safety 
functions all the way from the collision warning, pre-crash and 
collision mitigation to collision avoidance. This approach allows the 
reduction of the overall system cost and speeds up the market 
introduction of ADAS.  

The technological objectives of LATERAL SAFE were to meet e-
Safety priorities for active safety applications for lateral safety 
functions. The LATERAL SAFE target application needed to fulfil 
three functions: 

1. Lateral and rear area monitoring. 

2. Lateral collision warning. 

3. Lane change assistance with integrated blind spot 
detection. 

The technological objectives were: 

 A multi-sensor platform based on short range radar 
sensors, long range radar sensor and/or vision sensor 
including H/W and S/W interfacing for the integration of all 
sensor and system technologies needed for lateral and rear 
monitoring and warning in an open and reconfigurable 
architecture switching between different applications.  

 Data/sensor fusion and synthesis techniques for obstacle 
detection and tracking from various but synergistic sources.  

 Selection of a reliable and flexible sensor array (short and 
long range radars, vision sensors, etc.) and development of 
a sensor network interfaced to the above mentioned 
automotive platform.  

 Heavy truck simulator where the application for lateral and 
rear monitoring will be evaluated by human factor tests.  

 A Visualization tool for lateral and rear monitoring to be 
used for evaluation, namely for the visualization of the 
lateral and rear scene in a virtual environment adding also 
sensor data. 

 An HMI, where lateral monitoring application will be 
combined with warning strategies implementation for all 
LATERAL SAFE applications.  

The developed applications were implemented, evaluated and 
demonstrated by means of human factor tests by a CRF 
passenger car (Figure 4.5). The lane change assistant was 
demonstrated by a test car from Bosch. Furthermore, the lateral 
and rear area monitoring application was evaluated by an 
advanced driving simulator at VTEC.  
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Figure 4.5: CRF demonstrator car. 

Two different configurations were investigated and the evaluation 
was performed on technical performance but also in terms of 
development and implementation costs. The first approach 
included a network of short range radars for the lateral scene and 
long range radar for the rear view. The second approach used the 
same sensors for the lateral area and a vision sensor for the rear 
area.  

 Achievements and innovations 
LATERAL SAFE work extended the operative range of Advanced 
Driver Assistance Systems and made a considerable leap forward 
in the actual development and implementation of sensor data 
fusion techniques. The proposed lane change assistance and 
lateral collision warning systems are based on short- and long 
range radar sensors. They are aiming among others at a rear view 
with sufficient driver warning time for approaching vehicles with 
high relative velocity (> 100 km/h) and a direct measurement of 
absolute speed of approaching vehicles up to 200 km/h. With this 
performance most overtaking situations on highways are covered. 
A warning alerts the driver changing the lane before the vehicle 
crosses the lane. Moreover a Blind Spot Detection down to a 
standstill was also developed. This application is useful especially 
in urban areas 

This section reports the main scientific, technological and 
innovative results of the work accomplished in LATERAL SAFE 
SP. The description of the achievements concern (i) the short 
range radar network signal processing (ii) synthesised vision 
image processing, fusion and (iii) the applications developed.  

(i) Short Range Radar network signal processing. The novel 
approach in LATERAL SAFE was the arrangement of overlapping 
sensors to each side of the car in order to cover a large field of 
view. Originally, four sensors per side were planned, but 
preliminary tests showed that three sensors are sufficient to fulfil 
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the requirements. The small minimum detection range of the M/A-
COM devices (20 cm) enables the system to detect objects as 
close as the outer dimensions of the rear mirrors. Having a 
maximum longitudinal distance of about two meters between the 
two sensors, even small objects beside the ego-vehicle can be 
detected by more than one radar at standard lateral distances of 
about 1 m, which helps to increase the recognition reliability.  

The applied SRR modules were optimized for front applications 
and have a rather large angular uncertainty of 10 % to 20 % 
leading to a high noise level in position and velocity data 
perpendicular to the main axis. This made it necessary to optimize 
the signal processing for tangential velocities. In order to enhance 
the recognition certainty and to reduce the number of tracked 
targets to be sent to the Lateral Collision Warning module, 
corresponding targets seen by more than one sensor were 
integrated into a common target.  Targets from single sensors as 
well as integrated targets from multiple sensors were tracked 
individually by two tracking stages.  

(ii) Synthesized Vision Image Processing. For Synthesized Vision 
Image Processing, two different versions were developed, the 
Blind Spot Detection (BSD) using cameras in mirrors and the 
three-camera system. For the latter, a monovision system was 
implemented on the CRF test vehicle; a displaced stereo setup 
was tested off-line. 

Concerning the Blind Spot Detection system, the main 
technological innovation compared to the state of the art 
commercial systems, is the improved distance detection range 
without worsening of lateral covered area.  

The distance range of commercial BSD systems is about 9 -10 
meters, while the LATERAL SAFE system can detect overtaking 
vehicle up to 20 meters behind. In spite of this, the rate of missing 
and possible false detection at those relevant distances must be 
improved especially in specific road and environmental conditions 
(i.e. curves and low visibility). 

For the three camera system, an innovative design was chosen, 
combining cameras mounted in the side mirrors as used for blind 
spot applications, with a camera mounted behind the rear window. 
This not only provides coverage all around the rear and lateral 
areas of the vehicle, but in areas where the fields-of-view of 
cameras overlap, stereovision processing is possible. This enabled 
a more accurate computation of 3D location of objects, allowing 
the use of distance in detecting objects, and reducing false alarms 
for example by determining whether objects actually move, or are 
a part of the surroundings. 

The displaced stereovision can be used in combination with a 
three-camera monovision approach to further increase accuracy 
and eliminating false alarms. However, the chosen displaced 
stereo setup differs from more standard stereovision uses in that 
the cameras are not placed next to each other, looking 
perpendicular to their base-line, but are looking at an angle. As a 
result, views of objects are distorted (in normal approaches), and 
for near-by objects, the scale differs between the cameras. This 
makes traditional approaches unusable and real-time applications 
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difficult. Although possible solutions were defined, developing such 
a real-time system within this project was not feasible. An off-line 
processing, showing the possibility of displaced stereovision with 
the Lateral Safe setup was developed and demonstrated by 
means of data generated by the CRF vehicle. 

(iii) Sensor data fusion. The work in LATERAL SAFE project in the 
area of sensor data fusion concerned the solution of the issue of 
multiple sensor data fusion systems. The proposed application 
used distributed architectures that operate with sensors or sensor 
systems and provided redundant or complementary information of 
moving objects. This architecture ensures a modular approach. It 
allows exchangeability and benchmarking using the output of 
individual trackers, whereas the fusion algorithm gives a solution to 
the track management problem and the coverage of wide 
perception areas.  

LATERAL SAFE, offered a useful test case, where three 
independent sets of sensor systems were used including the main 
applications, 10 different sensors; a backward looking long range 
radar (LRR), two triplets of short range radars on both sides – 
setting a homogeneous short range radar network (SRR) - and 
three cameras on the mirrors and on the rear window.  In the 
implemented fusion solution, there is an initial level of processing 
in each sensor set with tracking in most cases. The challenge of 
this architecture was to fuse efficiently, in a successive level, the 
available information in order to provide the safety applications 
with a substantial all around object description.   

The LATERAL SAFE fusion module has the main task of 
coordinating, integrating data and providing the output of the 
perception layer. The perception layer is specified as the layer in a 
fusion system architecture which intermediates between the 
sensor system and the application(s). This layer provides a 
realistic representation of the environment and aims at enhancing 
the performance of single sensor systems making a more robust 
output to the application. Summarizing, the role of the perception is 
to: 

 Carry out “perception enhancement" tasks independent of 
the application.  

 Describe in a formal way the environment and the traffic 
scenario.  

 Support safety functions under request.  

 Act as a gateway between sensor systems and applications 
with well defined interfaces and I/O protocols. 

The innovative aspects of this approach comprise the following 
issues: (i) management of multi-source and heterogeneous 
information (many and of different type sensors) in a moving 
platform, (ii) the lateral and rear area other vehicles tracking and id 
maintenance when crossing different sensor areas and (iii) the 
development of a rear looking Long Range Radar (LRR) tracking. 
The heterogeneous information of the LATERAL SAFE system is 
consisted of the high level information of LRR (position, radial 
velocity), the only position information of Short Range Radar and 
the lower quality of information of vision systems. The main issues 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 75 

solved were the extraction of single vehicle information from the 
multiple returns of SRR sensors and the usage of vision based 
information for confirmation of the established objects from the 
other sources. The vision based information assist mainly in the 
point (ii) that is the maintenance of object id information when the 
object is crossing the different sensor monitoring areas. The third 
point concerns the issue of LRR tracking in the rear area 
observation as this shows some differences compared with the 
usual frontal looking topologies.   

Results from simulations and real data indicate that the given 
approach allows maintenance of the ID of objects and recognition 
of the vehicle environment with acceptable rates of false alarm and 
misses. 

(iii) The applications developed:  

(a) Lateral Collision Warning – Daimler (Figure 4.6). In the LCW 
modules developed by Daimler for LATERAL SAFE, a warning 
signal is created for situations when an object undershoots a 
specified distance. Due to the use of side-looking radars, objects 
besides the car are detected in a wide distance range and their 
lateral velocity component can be computed at a very early stage. 
This enables the system to estimate the time-to-collision within a 
wide range of approaching speeds. Such a system to warn the 
driver against possibly colliding objects approaching from the side 
has not been realized so far. Current blind spot monitoring 
systems can only detect the presence of an object but don’t carry 
any information about distance and approach speed.   
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Figure 4.6: Sectorised warning strategy for the LCW function. 

For the LCW function, the monitoring field around the car was 
divided into six different sectors. Using the front and rear stereo 
loudspeakers in the car, the direction from where the threatening 
object approaches could be indicated.  
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(b) Lateral Collision Warning – CRF. In the LCW modules 
developed by CRF for LATERAL SAFE, the work focused on 
fusing the side-looking radars with backward looking sensors like 
cameras and Long Range Radars. This approach enhances the 
coverage of the monitoring area to vehicles approaching from 
behind.   

Using complete lateral and rear area information as reconstructed 
by the LATERAL SAFE perception platform and fusion algorithms, 
allows an advance identification of potential crash risk. Then it is 
possible to inform/warn the driver on the risk before the target is 
entering in the detection area of the short range radars on the 
lateral area of the vehicle. In some traffic scenarios, this system 
configuration using the complete LATERAL SAFE perception 
platform allows anticipating the Lateral Collision Warning and its 
efficiency for the required and corrective driver’s manoeuvre. This 
system performance is particularly relevant in the target overtaking 
situations with a high relative speed.  

 Integration 
LATERAL SAFE developed an application for an automotive safety 
system based on automated perception of the environment. For 
the coverage and reliability reasons, it uses a combination of 
sensors of different technologies to fulfil this critical perception 
task. Therefore, Sensor Data Fusion is a major point in LATERAL 
SAFE, which represents one of the most relevant Vertical 
Subprojects within PReVENT as far as ProFusion topics are 
concerned. 

LATERAL SAFE actively participated in all forums within 
ProFusion, and contributed to all questionnaires, bringing concrete 
application cases to the discussion. Moreover, the feedback from 
these meetings, and broadly from ProFusion activity, were 
naturally exploited in LATERAL SAFE, reinforced by the presence 
of common partners between LATERAL SAFE and ProFusion1. 
Hence ambitious ideas from ProFusion1 were relayed and 
considered whenever LATERAL SAFE was dealing with 
perception and fusion matters. In the next, the involvement of even 
more partners from LATERAL SAFE in ProFusion2 made this 
communication even better. Theoretical aspects of fusion, as well 
as vehicle integration issues were concerned and the use of 
ProFusion2 framework in LATERAL SAFE architecture was also 
considered.  

The PReVENT IP and more specifically, LATERAL SAFE 
developed preventive safety applications that, in future products, 
will be able to interact with the driver through the integrated, 
adaptive HMI developed by AIDE. In order to facilitate the 
integration of LATERAL SAFE and AIDE HMI solution in the 
industrial phase, it was necessary to ensure that the technologies 
developed in the two projects are compatible (i.e. interface easily 
to each other). In LATERAL SAFE, there will be no centralised 
intelligence as in AIDE, since there are no application conflicts. 
However, LATERAL SAFE’s HMI Manager was able to 
communicate with the HMI interface adapter. 
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General architecture requirements derived from the architecture 
proposal within AIDE, and which LATERAL SAFE took into 
consideration towards a common high level HMI architecture 
proposal were: 

 For adaptation and I/O coordination a central intelligent 
module  is needed (in LATERAL SAFE the I/Os are 
controlled through the HMI Manager). 

 For scalability and flexibility (concerning HMI strategy) the 
HMI manager module needs to be as independent as 
possible concerning: 

o Knowledge about the applications 

o Knowledge about the content of the messages. 

 The applications have to provide a generalized interface for 
resource  (I/O devices and message characterization) 
requests.  

It is noteworthy that the implementation of the AIDE solution will be 
an additional alternative to the LATERAL SAFE architecture. In 
LATERAL SAFE, the applications have no knowledge of the 
modality or the I/O devices available in the car; the HMI Manager 
handles communication to the applications and handles the I/Os. 

The general goal of INSAFES is to improve the functionality and 
reliability of applications developed within PREVENT and to 
advance from stand-alone safety applications, targeting one 
specific function each, to an integrated system, covering a vast 
range of applications. The contribution and improvement of 
LATERAL SAFE in INSAFES is in the field of lateral support of the 
vehicle (lane change assist; lateral collision warning). These 
include enhanced lateral control functions with an improvement of 
lane keeping support, optimised also the presence of lateral 
obstacles (e.g. close guard-rails or parallel vehicles) and side 
collision warning/mitigation for trucks within the ego-lane, typically 
in drifting situations. LATERAL SAFE also adds to integration and 
synergies of lateral and longitudinal control applications and 
particularly in the all-around warning function, based on the 
reconstruction and the assessment of all-around traffic scenario. 

In INSAFES uses a multi-sensor platform which will process in real 
time data received from all-around complementary and redundant 
sensors, map and localization data and communication messages 
with significant contribution from LATERAL SAFE platform.  

The main added value brought by LATERAL SAFE to the 
integrated INSAFES platform are the all-around collision warning 
function, integration of lateral control; reconstruction of the 
surrounding scenario for optimising the longitudinal functions and 
control strategies for warning or mitigation (e.g. strategies 
improved according to the computation of feasible evasive 
manoeuvre). 
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Figure 4.7: LATERAL SAFE integration activities. 

Integration activities included also a series of other PReVENT 
subprojects. Concerning the other lateral area safety system, 
SAFELANE cooperated closely with LATERAL SAFE, and a 
common system design was shared. The horizontal MAPS&ADAS 
SP was also part of these activities in the integration of the digital 
map database in the LATERAL SAFE system. The same city car 
demonstrator was shared between the SPs LATERAL SAFE and 
APALACI. And of course, LATERAL SAFE contributed to the 
activities and used the evaluation methodology of Response3 and 
PReVAL.  

 

 Outlook 
The integration of such a large number of sensors and three 
applications in the same system and demonstrator vehicle was a 
challenging but a successful task. It can be concluded that 
LATERAL SAFE took a crucial step towards the development of 
future multi-sensor ADAS applications. LATERAL SAFE also 
contributed to other PReVENT subprojects, and the knowledge 
acquired in LATERAL SAFE facilitated the work in the subprojects, 
ProFusion and INSAFES in terms of fusion algorithms 
development and the application integration. Especially, 
concerning the Lateral and Rear Monitoring application, it is the 
first time ever when such as complex system was introduced. 
Moreover, after the work was accomplished in this project, the 
potential of future development of active safety applications is 
clear as now the requirements of these future systems are known, 
stated and available. 

All applications developed during LATERAL SAFE are of wide 
scope to be implemented in passenger cars and trucks within the 
next 10 years. Blind spot detection and the extension of existing 
front-looking assistant systems to the side and the rear 
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environment of the vehicle have a high potential to enable a higher 
safety level. However, sensor technologies and sensor locations 
may differ from the configuration of this project.  

Due to legal restrictions, SRRs have to use different frequencies 
than 24 GHz when taken in use after 2012. It has not been 
decided yet whether 26 or 79 GHz will be the future frequency 
band. Especially, the latter will lead to higher costs because 
Silicon-Germanium (SiGe) or Gallium-Arsenide (GaAs) has to be 
used for the sensors instead of the much cheaper Si-technology.  

Vision-based systems will have a great impact but they have to be 
supported by or fused to RADARs, LIDARs or ultrasonic 
transceivers. Detectors with larger field of view (angle and range) 
will be soon introduced. A foreseeable trend will be to load a 
maximum number of functionalities to a minimum number of 
sensors, which makes it necessary to find a compromise in terms 
of positioning the sensors at the vehicle within the boundaries of 
design and surrounding material.  

Systems which actively support the occupants, especially the 
driver in critical situations will have a leading role because 
applications with sole warning functions have the risk of annoying 
the customers. This means that ADAS will mainly be used to 
activate autonomous vehicle manoeuvres or deploy (reversible) 
restraint systems like seat belt pre-tensioners or bolsters.   

The next Table summarises the achievements in the lateral and 
rear areas monitoring. 

 
Table 4.4: Main achievements in the Lateral and Rear Areas 
Monitoring. 

 
Objectives: Develop (i) Lateral and rear area monitoring application enhancing the 
driver’s perception and decreasing the risk of collision (ii) a Lateral collision waning 
(LCW) application that detects and tracks obstacles in the lateral and rear fields and 
warns the driver of an imminent accident risk such as a collision and road departure (ii) a 
Stand-alone lane change assistance system with integrated blind spot detection assisting 
the driver in lane change manoeuvres 

Achievement/application Three Lateral Collision Warning 
applications as in objectives. 

Successfully 
demonstrated. 

Achievement/application Short Range Radar network 
signal processing:arranging  
overlapping sensors. 

Successfully 
demonstrated. 

Achievement/application Sensor data fusion with 
distributed architectures. 

Successfully 
demonstrated. 

HMI Interface to AIDE architechure. Successfully 
demonstrated. 

Integration Sub-functions of the all-around 
monitoring concept in INSAFES) 
and the lane change aid function 
(a sub function of the integrated 
lateral control). The HMI concept 
of Lateral Safe is part of the basis 
for the INSAFES HMI. 
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 Lane Keeping Support System (SAFELANE) 

 Motivation 
SAFELANE addresses accidents caused by typical cognitive 
degradation of a driver performance leading to inattention such as 
drowsiness, fatigue and distraction. These causes are of special 
interest since the developed system is aiming to prevent accidents 
resulting from poor lateral control as a result of the above 
mentioned factors followed by a lane or road departure ending up 
typically in run-off the road accidents. Not infrequently, the 
accidents happen in night time and inter-urban roads with relatively 
high speed increasing the seriousness of the accidents. The 
phenomenon of driver inattention is unfortunately quite prevalent. It 
is estimated to be the primary accidental cause in 25% of all police 
reported crashes. Drowsiness/fatigue statistics are quite 
unanimous but the official rate of 3% is probably an underestimate, 
since their impacts are difficult to prove due to measuring 
problems unlike in alcohol accidents. The actual rate of 
drowsiness/fatigue-related accident is closer to 10 % 20 % and is 
probably even higher for heavy trucks and night time driving. 
Driver distraction seems to be equally frequent accident cause in 
both passenger cars as in heavy truck run-off-road accidents (12-
13 %). 

 Objectives 
The overall objective of SAFELANE was to develop a next generation 
lane keeping support system, which would not only support the driver 
in his daily driving task but even actively assist him in avoiding 
unintended road and lane departures by means of an active steering 
component. 

The first scientific and technology objective was to analyse the 
state-of-the-art and collect all requirements for the system to be 
developed. On this basis a specification catalogue that 
summarizes the requests was created and the global structure of 
the system to be developed was designed.  

SAFELANE’s ambition was to develop the technology for a safe, 
reliable, highly available, acceptable and legally admissible 
onboard lane keeping support system for use in commercial and 
passenger vehicles on motorways and rural roads. The system 
reaction in critical lane departure situations comprised of the 
control of warning actuators and an active steering actuator. The 
input to the system comes from a camera-based lane tracker, 
which is supplemented by active sensors, vehicle CAN bus data, 
digital road maps with ADAS attributes and a precise vehicle 
positioning. The essential contribution to the new quality of the 
approach comes from: 

(i) A decision component that analyses the incoming sensor data, 
detects the lanes, determines the relevant situation, predicts 
vehicle paths, computes the most likely vehicle trajectory and 
synthesises the data for controlling the system actuators. For this, 
a flexible and model base-based technology is utilized. It allows 
the system to be adaptive to several situations and to be 
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configured to different sensors or actuators. Self-assessment is an 
essential feature that tells the driver in each situation how reliable 
the support is.  

(ii) The fusion of the camera-based lane detection system with 
other supplementary data, especially the information derived from 
the path prediction and precise vehicle trajectory calculation, 
together with the model-based approach creates a system with 
substantially improved lane tracking availability and reliability.  

(iii) In addition, with active steering the system enhances the safety 
by actively supporting the driver in avoiding unintended lane or 
road departures.  

All activities necessary to develop the technology, to build a new 
generation lane keeping support system and to validate the 
vehicles were undertaken by the project.  

 Achievements and innovation 
Figure 4.8 depicts the SAFELANE system that is able to apply the 
technologies described earlier in order to provide the Lane 
Keeping Support functionality within a given context. The system 
comprises of a sensor system, an actuator system and a decision 
component with a self-assessment facility and a data base of 
stored driving situations. The context of the system is determined 
by the vehicle, by the driver and by the surrounding road, 
infrastructure, traffic and environment. 

 

 

Figure 4.8: SAFELANE system concept. 

Due to the complexity of the information handled in SAFELANE, 
the high quantity of information sources and the system 
requirements mentioned earlier, an innovative sensor fusion 
approach was adopted. The approach was also recommended by 
the ProFusion Consortium. In general, sensor data fusion includes 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 82 

several processing steps receiving the data from several single 
sensors and combining that information in order to achieve a better 
result than would the outcome of single sensors’ processing. The 
outcome of the perception layer is a specific model of the 
environment. A physical environment model is a representation of 
the environment providing relevant information to the application to 
decide and act according to the defined function. The first step is 
to achieve a common temporal and spatial reference, transforming 
raw sensor data into a consistent set of units and coordinates; as a 
second step the perception layer interprets observations to detect 
objects and extracts features in the current physical environment. 

The innovative aspects of SAFELANE can as well as the 
objectives be structured into several innovations on the three 
layers - perception, decision and action. Derived from these layer- 
level innovations, a complete novel system providing a model- 
based and adaptive Active Lane Keeping Support functionality was 
created. 

With regard to the innovations in the perception layer and the 
sensor system, several aspects need to be mentioned. First of all, 
innovative techniques and new approaches were implemented to 
improve the vision-based lane tracker. The developed new 
algorithms were tested with simulated video sequences and 
ground truth information. All this delivered an accuracy fulfilling the 
ambitious objectives of the project.  

Furthermore, the availability of the overall environment perception 
system could be increased remarkably. This could not be achieved 
by the lane tracker improvements only. Also the new lane data 
fusion approach by fusing the information of the vision sensor with 
radar object trails, and last but not least using digital map data 
information contributed to these improvements were needed.  

The test results show that the environment perception system is 
able to solve complex situations e.g. roundabout approach that 
was indicated as a critical scenario from previous research 
projects. Another example of enhanced behaviour of the lane 
sensor fusion is the capability to reconstruct lane geometry, also 
when lane markings are not present (for a short period) or 
occluded. A number of critical scenarios were successfully covered 
in the tests. 

Outputs from the perception layer allowed the development of an 
algorithm able to deliver the driver a warning or take corrective 
action in the event of an unintentional drifting off the lane. In 
particular, based on information coming from the sensing system 
and on a model-based adaptive decision component, is has been 
possible to furnish different levels of intervention to alert the driver.  

Starting from a model-based approach, it is possible to determine 
the trajectory of the vehicle and recognise the curvature of the 
road. The implication of this is to have a function always adapted 
to the driving situation, and to be configured to different sensors 
and actuators. These objectives were met by developing a 
common decision system which was integrated into the 
SAFELANE demonstrator vehicles. With respect to the traditional 
lane departure warning systems, this adaptivity and flexibility of the 
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system represents a clear improvement in the performance of the 
system and is also approved of users. 

In the action layer, several HMI aspects were evaluated with 
regard to user needs, user acceptance and also a pre-impact 
analysis. The active steering functionality proved to be most 
effective in the tests. On the other hand, audible warnings as used 
in most commercially available systems today, was not approved 
of the drivers and experts in a HMI evaluation, whereas the active 
steering was preferred and assessed as the most desirable 
solution.  

The combination of this information shows that the SAFELANE 
approach using the active steering functionality does not only yield 
best results but is even favoured by users. Moreover, the 
advanced electric power steering components selected in the 
project, showed several advantages. As these components are 
fully developed and have been in series production for passenger 
cars for some time by now, the hardware is available at an 
affordable price and has proven its reliability. The introduction of 
such an add-on solution into series production as a step on the 
way towards real steer-by-wire systems is thus more likely and 
easier. Especially, the introduction of these components in 
commercial vehicles can be considered as a real innovation, since 
today only hydraulic steering systems are available. 

The technology developed in SAFELANE provides a significant 
contribution in the field of active safety. Because of the modular 
nature of the SAFELANE system, it is easy to introduce parts of 
the SAFELANE results into products in many areas over time. In a 
short term perspective, results from SAFELANE will be used to 
enhance current state-of-the-art Lane Departure Warning systems. 
Looking further ahead, the introduction of active steering will lead 
to vehicles with complete Lane Keeping Support systems on the 
market. First steps have already been taken and the sub-systems 
needed for realising systems similar to the one developed by 
SAFELANE are announced to be commercially available in the 
very near future. 

Furthermore, other driver assistance applications such as Lateral 
Cruise Control and Collision Avoidance by Steering share many of 
the technological challenges of Lane Keeping Support. Future 
research and product development projects focusing on these 
kinds of applications will certainly benefit from the experiences 
generated by the SAFELANE project. 

 Integration 
Cooperation within IP PReVENT was especially established with 
LATERAL SAFE in the same function field and the horizontal 
subprojects MAPS&ADAS, ProFusion and Response3 (Figure 
4.9). The cooperation with LATERAL SAFE comprised of work 
shared on the multi-sensor platform development and system 
architecture design according to a common concept for the 
easement of integration of both complementary lateral support 
functions in INSAFES. 

The horizontal subproject MAPS&ADAS and the cooperation 
between both subprojects was of special importance to 
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SAFELANE. The digital map data provided by MAPS&ADAS for 
dedicated SAFELANE test sites contributed remarkably to the 
enhanced environment perception in SAFELANE achieved by the 
fusion of sensor and digital map data. In return, SAFELANE 
validated the interface and the ADAS map attributes of 
MAPS&ADAS in a real application. The cooperation with horizontal 
SP ProFusion was tangible in the SAFELANE sensor fusion 
approach and corresponding layer based system design which 
was recommended in ProFusion workshops. Accordingly, 
ProFusion2 made use of SAFELANE sensor data and the 
perception platform in the VTEC demonstrator truck during their 
development phase.  

RESPONSE3 is closely linked with the SAFELANE activities 
dealing with legal and unification issues. The internal working 
paper as an outcome of the legal and unification activities partly 
refers to findings of RESPONSE3 and also further elaborated legal 
aspects dealing with active steering and lane keeping support 
systems covered by SAFELANE. 

Cooperation beyond PReVENT was established between 
SAFELANE and with EASIS and AIDE. SAFELANE served as a 
use case for both AIDE and EASIS.  

For EASIS again, SAFELANE cooperated on the topic of 
architecture requirements for lateral support applications. Beyond 
the cooperation on a more theoretical level, SAFELANE 
contributed practically to the EASIS validation by providing basic 
SAFELANE software as a Simulink model.  

Digital map data
integration
Digital map data
integration

Sensor data fusionSensor data fusion

ArchitectureArchitecture

IntegrationIntegration

HMIHMI EvaluationEvaluation

Legal IssuesLegal Issues

 

Figure 4.9: SAFELANE integration activities. 

With regard to AIDE, SAFELANE benefited especially from 
recommendations and cooperation on HMI devices. An example of 
this close cooperation is easily tangible when considering that at 
VTEC, the SAFELANE demonstrator truck was also equipped with 
systems and concepts developed within AIDE.  

Besides the intensive and fruitful cooperation as described above, 
the elementary contribution of SAFELANE to the integration of 
active safety functions in INSAFES is noteworthy. The VTEC 
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demonstrator truck, one of three demonstrators in INSAFES, is 
based to a large extent on SAFELANE components, infrastructure 
and functionality. INSAFES integrates the SAFELANE functionality 
with the complementary functionality of LATERAL SAFE and 
APALACI . 

Furthermore, a driving simulator used for common development of 
AIDE and SAFELANE was equipped with a steering actuator for 
algorithm development and usability tests. An AIDE expert clinic 
evaluated the SAFELANE functionality. It turned out to be very 
positive with regard to the active steering functionality developed 
at that time.  

 Outlook 
SAFELANE generated several innovations and innovative aspects 
with the three layers of the system and even on the overall system 
level. Due to the flexible and modular approach of the SAFELANE 
system, it will be possible to introduce these innovations and 
improvements to existing Lane Departure Warning systems 
already in the near future. Within the years to come, this 
technology will increase the performance of Lane Departure 
Warning systems, and these systems will evolve into more 
advanced Lane Keeping Support systems.  

Some project results will be used in products in a short term 
perspective, such as the mono camera system developed by 
DEPLHI and the innovative techniques used for enhancing the 
lane tracker performance as developed and integrated by FhG. 
More advanced logic and data fusion techniques will be used in 
product development for Lane Departure Warning applications. 
Products utilizing these SAFELANE results will be introduced 
within the next few years. Several patents related to SAFELANE 
have been submitted by SAFELANE partners showing the 
innovations achieved in the project.  

Looking further ahead, the availability of digital map databases 
designed for ADAS support will make it possible to commercialize 
some of the even more innovative results obtained in SAFELANE. 
As mentioned earlier, there is a great potential in combining 
camera-based lane tracking systems with information from ADAS 
maps, thereby increasing the availability and robustness of the 
system.  

To explore all the safety benefits of a complete Lane Keeping 
Support system, active steering needs to be introduced in serial 
production vehicles. With regard to passenger cars, the active 
steering functionality can be quite easily achieved by using the so 
electric power-assisted steering (EPS) systems, which were also 
used in SAFELANE. EPS uses an electric motor to provide 
directional control to the driver. EPS systems are more and more 
replacing hydraulic steering systems, especially in small and 
medium size cars, and thus provide a broad basis for introducing 
the active steering functionality into the markets.  

The introduction of active steering systems based on EPS to assist 
the driver in the lateral control task has already been announced or 
partly even been introduced in the market, though in a smaller 
scale up to now. For light and medium sized commercial vehicles 
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partners involved in the project see a great chance to introduce 
similar EPS based solutions such as used in SAFELANE even 
commercially within the next few years. For heavy commercial 
vehicles, EPS cannot fully replace the hydraulic steering due to the 
construction and torque levels needed. Anyhow, an add-on of EPS 
in combination with the conventional hydraulic steering offers a 
wide range of possibilities, including in particular the torque overlay 
functionality needed for the active steering feature of the Lane 
Keeping Support system.  

An EPS based and belt-driven system, very similar to one of the 
systems used in the SAFELANE demonstrator trucks has recently 
been announced for market introduction readiness by the same 
supplier who has provided the concept and solution for the 
SAFELANE project. This shows that the concept developed and 
utilized in SAFELANE is technically and commercially feasible and 
promoted by a major player in the field of steering systems. Even if 
exact dates for the market introduction of such systems are 
somewhat hard to estimate, taken all this information into account, 
it is reasonable to expect that systems quite similar to the ones 
developed in SAFELANE can be found in the market within a 
conceivable time period. 

The next Table summarises the achievements in the lane keeping 
support area. 

 
Table 4.5: Main achievements in the Lane Keeping Support  area. 

 
Objectives: Develop a next generation lane keeping support system, which would not 
only support the driver in his daily driving task but even actively assist him in avoiding 
unintended road and lane departures by means of an active steering component 

Achievement/application Onboard lane keeping support 
system for use in commercial and 
passenger vehicles on motorways 
and rural roads.  

Successfully 
demonstrated 

Achievement/application The environment perception 
system able to solve complex 
situations e.g. roundabout 
approach  

Successfully 
demonstrated 

Achievement/application Development of an algorithm able 
to deliver the driver a warning or 
take corrective action in the event 
of an unintentional drifting off the 
lane. It now ible to furnish 
different levels of intervention to 
alert the driver 

Successfully 
demonstrated 

HMI The control of warning actuators 
and an active steering actuator.  

Successfully 
demonstrated 

Integration The lane keeping function is 
included in the integrated lateral 
control function of INSAFES. The 
demonstrator is shared with 
SAFELANE and the same 
sensors and actuator are used. 
Also the HMI concept of 
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SAFELANE forms an important 
basis for the INSAFES HMI. 

 

 

4.3.3 Intersection driving 

 Intersection Driving Support System (INTERSAFE) 

 Motivation 
Today, most so called ‘black spots’ have been eliminated from the 
road networks. However, intersections can still be regarded as 
black spots. Depending on the country and region, from 30 % to 60 
% of all injury accidents and up to one third of the fatalities occur at 
intersections. This is mainly du to the fact that accident scenarios 
concerning intersections rank among the most complex ones, 
since different road user groups interact in these limited areas with 
crossing trajectories. Furthermore, fragile elderly drivers have a 
high proportion of their accidents at intersection areas adding to 
the overall fatality rates. 

Intersections are also unique in the sense that different road user 
groups interact in closely defined areas approaching from different 
directions. Thus intersection safety has to cover a number of 
accident scenarios and parties. It deals with the safety of vehicle 
occupants and unprotected road users, turning vehicles or vehicles 
with crossing paths, pedestrians, cyclists and powered two-
wheelers all having their special characteristics in travel behaviour.  

Concerning intersections, first there is the need to understand the 
causes of accidents at intersections. After that: 

 Drivers need to be informed in case of potential collisions 
with turning and crossing vehicles. 

 Drivers need to be prevented from making mistakes such 
as running red lights or neglecting stop signs at 
intersections. 

Since intersections are scenes for a number of road users that are 
temporally and spatially close to each other, robust and reliable 
path prediction of road users had to be developed. This and a 
need for advanced communication created the technological 
motivation for the INTERSAFE work. 

 Objectives 
The main objective of the project was to provide the basis of an 
intersection safety system to reduce and in the long term avoid 
casualty accidents at intersections. 

No prior European projects have investigated intersection safety in 
such a detail as was done now. Consequently, INTERSAFE 
started practically from a scratch. 

The objectives of the INTERSAFE functional area were to: 
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 Develop an Intersection Driver Warning System based on 
bidirectional V2I communication and path prediction of the 
host vehicle and other road users using on-board sensors. 

 Demonstrate Intersection Driver Warning functions based 
on sensors and communication, preventing missing stop 
signs, providing assistance when turning or crossing, and 
informing the driver via infrastructure (I2V). 

 Demonstrate advanced intersection driver assistance 
functions in a driving simulator, based on ideal data as well 
as data provided by integrated real sensor modules. 

The system functionality and the system-specific potential for 
accident prevention and accident mitigation achievements needed 
to be proven in a quantitative, risk-free and reproducible manner. 
Thus a driving simulator approach was realised for the 
development of future active safety functions with state-of-the-art-
technology as well as technology which will be available in the 
future. 

The Specification and the realisation of the infrastructure 
communication equipment needed to be done in close cooperation 
with the subprojects for V2V communication (WILLWARN) in order 
to promote a common communication standard for vehicles in 
Europe. 

 Achievements and innovation  
Overall, it can be stated that INTERSAFE achieved all its defined 
objectives. In addition to a detailed accident analysis, a novel 
approach for path prediction of road users at intersections was 
introduced as a reliable basis for the situation analysis and the risk 
assessment. 

Two demonstrator vehicles were built. The intersection driver 
warning functions that were realised, worked well during the 
evaluation by experts and in the user acceptance tests.  

The laser scanner system and a vision sensor in combination with 
a high-level map including landmarks were used for the 
localisation of the host-vehicle relative to the intersection. Based 
on the highly accurate host-vehicle localisation and the geometry 
of the intersection stored on the high level map, a background 
elimination process was carried out. From the current laserscanner 
data, all measurements of background objects at road sides were 
erased. As a result of this process, the remaining laserscanner 
data represented the road users (foreground) present at the 
intersection. Thus a robust and reliable path prediction of the road 
users based on laserscanner data was achieved. 

Different sub-systems and functions were developed to realise the 
INTERSAFE concept (Figure 4.10): 

 Vehicle to Infrastructure Communication (V2I) to allow 
bidirectional V2I communication between the vehicle and 
traffic lights 

 Accurate relative localisation using video camera system 
enabled a novel approach in which both the lateral and 
longitudinal position of the intersection features were 
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detected. Line matching and tracking algorithms were 
employed to compare measurements with a detailed 
“feature-level” map of the intersection markings, enabling 
the relative position of the vehicle in the intersection to be 
determined.  

 Relative localisation at an intersection: the relative 
localisation of the host-vehicle was provided by using a 
laser scanner system and a vision sensor by comparing 
current measurements with landmarks in a high-level map.  

 Detection, tracking and classification of road users were 
based on the host-vehicle localisation and geometry of the 
intersection stored in the high-level map and a performed 
background elimination process.  

 Situation analysis and risk assessment for Intersection 
Driver Warning System used representation of the complex 
driving behaviour at intersections solely in terms of a few 
geometric entities. This facilitated the calculation of 
possible trajectories, and the determination of possible 
conflicts within the intersection.  

 Risk assessment based on graphs. High-risk situations at 
intersections are a combination of multiple factors that are 
very difficult to evaluate. The approach used considered 
the risk as a geometrical object embedded into a space-
time manifold. To this end, a novel information encoding 
procedure was designed to extract the intrinsic relations 
between such objects. 

 Situation Analysis and Risk Assessment for an Intersection 
Active Safety System used accident data and typical left-
turn behaviour of drivers that was modelled. The system 
development benefited from some typical parameters that 
are always a part of the manoeuvre. A general approach 
was identified.  
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Figure 4.10: INTERSAFE concept. 

 

INTERSAFE allowed the evaluation and the proof of concept of 
ADAS for intersections based on onboard sensors. The system 
validation was carried out on three levels: 

1. Perception level (sensor testing). 

2. Application level (system testing) and 

3. HMI level (user testing). 

INTERSAFE achieved important and valuable results. However, as 
a research project, it was not purported to include the development 
of a series production process. The main tasks were to show the 
feasibility of system and to push technological development as a 
basis for following activities. INTERSAFE as a European project 
made it possible that knowledge from different countries could be 
brought together to combine single features within a broader 
approach. These experiences and innovations were disseminated 
in the course of the project. 

 Integration 
Even though INTERSAFE was not included in INSAFES 
integration of functions due to its research oriented nature and 
early phase development, some challenging objectives of 
INTERSAFE were achieved in cooperation with other PReVENT 
subprojects and European projects (Figure 4.11). 

They are listed below by project: 

 WILLWARN: suitable devices for V2V, V2I communication 
were selected. Harmonised communication protocols were 
developed to promote the compatibility between vehicle 
and infrastructure communication units. In joint meetings, 
the issues were discussed and decided. 
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 PROFUSION1 and 2: PROFUSION workshops were joined 
by INTERSAFE partners. Discussions about sensor and 
fusion requirements supported the selection of sensors and 
relevant fusion strategies. 

 RESPONSE3: INTERSAFE provided information related to 
a specific questionnaire for the use of the RESPONSE3 
Code of Practise (CoP). The RESPONSE3 workshops were 
participated in. 

 COMPOSE: Suitable strategies for Vulnerable Road Users 
(VRU) protection were discussed. As a result, the VRU 
scenarios addressed by the subprojects were harmonised. 

 PReVAL: Discussion of testing and evaluation methods and 
results. 

Other Integrated Safety Programme and European projects: 

 AIDE: The INTERSAFE traffic light assistance system was 
used to find out benefits of a workload manager designed 
by AIDE. 

 APROSYS: During conversations, accident statistics and 
relevant scenarios were exchanged and discussed. 

 SAFESPOT: Accident statistics, relevant scenarios and 
requirements for intersection safety were exchanged and 
discussed. 

 eIMPACT: Discussion about socio-economic impact 
assessment. 

Workshops, Sensor & 
Fusion requirements

HMI principles,
Common testing

W orkshops, answered 
questionnaire, use of 
CoP

Harmonised VRU 
scenarios

Harmonised communication 
protocols & equipment,
joint meeting

Exchange & discussion 
of requirements

Discussion of testing 
and evaluation

Exchange & discussion 
of accidentology

socio-economic 
Impact

 

 

Figure 4.11: INTERSAFE integration activities.  
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 Outlook 
INTERSAFE met the objectives set and prepared the ground for 
future work. From today’s viewpoint, it is rather difficult to estimate 
precise time to market or even business models. INTERSAFE 
made its contribution by proving feasibility of active safety systems 
and by carrying out the first user tests. Even though these tests 
made a good start for further development process, the practical 
realisation was only at a prototype level. Costs currently cannot be 
predicted and decisions to commit commercially to the approach 
could not be made before detailed market analyses are completed 
that distinguish between the positive rating of a system and the 
willingness to purchase. Furthermore, fully functional cooperative 
systems (I2V, V2I2V) need high penetration rates regarding 
infrastructure and vehicles. Partners involved in INTERSAFE 
supported this by participating in the SIM-TD initiative. 

INTERSAFE allowed the evaluation of the proof of concept for 
intersection-ADAS based on onboard sensors. The following short-
term benefits can be brought up: 

 European accident statistics were searched to identify the 
most relevant scenarios and to give an overview of 
strategic use cases that can be addressed through ADAS. 

 The performance of sensor technologies dedicated to 
ADAS could be estimated to gain a better knowledge of 
their capabilities in the prospect of designing future ADAS. 

 Algorithms dealing with localisation, detection, 
classification, risk assessment and warning strategies 
could be thoroughly evaluated. 

 The user acceptance regarding intersection-ADAS was 
charted. It also yielded very useful hints for the HMI design 
such as ergonomic requirements and users’ overall 
expectations of HMI. 

As previously mentioned, the introduction of ADAS depends on the 
market situation and customers’ willingness to pay. This is related 
to a certain expectations of functions. Consequently, ADAS should 
be introduced in the following steps, which take the necessity of 
available contributing technologies into account: 

 1 – ADAS with autonomous sensors for localisation and 
detection (last moment warning). 

 2 – sensor-based ADAS linked to V2I-communication,e.g 
traffic light (one-way information). 

 3 – extended communication, e.g. V2V, V2I2V (early 
conflict mitigation). 

ADAS are currently under development in Japan and the USA. 
The availability of technologies for safe driving is a major 
competitiveness aspect. Before intersection-ADAS can be widely 
introduced, a lot of scientific and technological work needs to be 
done. Costs and capacities must be used carefully and combining 
the knowledge of manufacturers, suppliers and research institutes 
is a clear must. Many of the consortium’s contractors are experts 
in their specific fields.  
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The INTERSAFE consortium needs to consider also these 
following future aspects: 

Economic growth – The possibilities of passive safety systems are 
almost completely utilised and in car manufacturing because new 
cars are consistently having 4 or 5 stars rating in the Euro-NCAP. 
This area no longer provides a competitive edge to any 
manufacturer. Instead, the vehicle’s rating in the ability to avoid 
crashes may become a future competitive factor that is working 
either for or against European car industry. 

Scientific progress – Regarding the scientific point of view, 
INTERSAFE handled important research work on algorithm 
development upon perception, risk assessment and warning 
strategies. Innovative technologies such as laser scanner were 
transferred in the automotive field to keep and enlarge the 
knowledge that was too often sold in the past for financial reasons. 
By several subcontracts INTERSAFE was also a benefit for 
universities that could put forth their potential and ideas. 

The next Table summarises the achievements in the intersection 
driving support area. 
 

Table 4.6: Main achievements in the Intersection Driving Support 
area. 

 
Objectives: Provide a basis of an intersection safety system: (i) Develop an Intersection 
Driver Warning System based on bidirectional V2I communication and path prediction of 
the host vehicle and other road users using on-board sensors. (ii) Demonstrate 
Intersection Driver Warning functions based on sensors and communication, preventing 
missing stop signs, providing assistance when turning or crossing, and informing the 
driver via infrastructure (I2V) (iii) Demonstrate advanced intersection driver assistance 
functions in a driving simulator. 

Achievement/application Evaluation and the proof of 
concept of ADAS for intersections 
based on onboard sensors. The 
system validation was carried out 
on three levels: (i) Perception 
level (sensor testing). (ii) 
Application level (system testing) 
and (iii) HMI level (user testing). 

Successfully 
demonstrated. 

Achievement/application Different sub-systems and 
functions were developed to 
realise the INTERSAFE concept: 
(i) V2I communication concept (ii) 
Accurate relative localisation of 
lateral and longitudinal position of 
the intersection features using 
video camera system (iii) Relative 
localisation of host-vehicle at an 
intersection (iv) Detection, 
tracking and classification of road 
(v) sitauationn assessment and 
risk analysis tasks. 

Successfully completed 

HMI Charting different HMI principles 
with end-users. 

Successfully completed. 
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Integration With Willwarn harmonised 
communication protocol & 
equipment; With Profusion 1&2 
on sensor fusion requirements; 
AIDE common HMI principles. 

 

 

 

 

4.3.4 Vulnerable road users protection and collision mitigation 

 Pre-crash and Collision Mitigation Systems (APALACI) 

 Motivation 
It goes without saying that current European traffic accident figures 
represent a major social problem. Besides the accident prevention, 
it is essential to contribute to the improvement and the 
development of road users’ protection in the event of unavoidable 
crashes.  

The target of the APALACI system is to reduce the injuries of 
vehicle occupants and vulnerable road users (VRU) in accident 
situations. As shown in European accidental statistics, car 
occupants (both drivers and passengers) constitute the highest 
number of fatalities (about 57 %), followed by vulnerable road 
users such as pedestrians and cyclists (20 %), motorized two-
wheelers (17 %) and others like occupants of buses (6 %) 

The same study reports that in about 70 % of the collisions, the 
impact area is the front end of a vehicle. The majority of accidents 
occur on urban and inter-urban roads. These road types constitute 
the greatest part of the road network in all countries. 

Following these statistics, and in order to meet the APALACI 
project objectives, the scenarios of the system should consider all 
road types focussing both on urban and inter-urban roads. In 
general, the system needs to be functional in all traffic situations.  

Concerning weather and light conditions, the system should 
function in all kinds of conditions, but primarily under normal 
visibility when the majority of accidents happen.  

Objectives 

The objective of APALACI subproject is to develop advanced pre-
crash and collision mitigation applications together with the 
necessary advanced sensing systems and applications. The 
scientific and technical objectives are the following: 

 Develop pre-fire and pre-set applications directed towards 
the further optimisation of reversible (e.g., belt-pre-
tensioning) and irreversible (e.g. airbags) restraint systems. 

 Develop high performance sensor systems and real-time 
algorithms for pre-fire and pre-set applications. This 
includes real-time object classification by applying novel 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 95 

data fusion strategies to make use of the full information 
provided by different sensing technologies.  

 Investigate and test applications, namely semi-autonomous 
collision mitigation, mainly aiming at the improvement of 
the vehicle occupant protection by supporting the driver in 
the braking manoeuvre with respect to the detected 
collision conditions in order to reduce the crash severity of 
unavoidable impacts. 

 Investigate double use of sensing systems and algorithms 
for supplementary applications in the field of collision 
mitigation and vulnerable road user protection, for which 
APALACI sensors are particularly useful.  

 Mitigate collision damage by braking based on mutual 
adaptation and suitable combination of sensors.  

 Prevent truck drivers from pulling out when pedestrians or 
other vulnerable road users are in the vehicle’s blind spot 
area. 

 Achievements and innovations 
The scientific and technological innovations and quality addressed 
by APALACI focused on the general areas of the pre-crash 
applications and the collision mitigation systems (Figure 4.12).  

The following main achievements were made in the course of the 
technical research and development phases of the project: 

(i) Collision Mitigation (semi-autonomous braking), Pre-fire and 
Pre-set applications were developed aimed at improving the 
occupant protection in the event of an unavoidable collision. 

(ii) A major breakthrough were made in assisting and 
supporting the driver in braking manoeuvres, by detecting the 
collision conditions, for reducing the crash severity of 
unavoidable impacts. 

(iii) High performance sensor systems were developed and 
real-time algorithms have been implemented for pre-fire and 
pre-set applications including real-time object classification by 
applying innovative data fusion techniques to use and to 
integrate information coming from heterogeneous sensing 
devices and technologies.  

(iv) The innovative and distinctive start-inhibit application was 
developed and tested in order to prevent truck drivers from 
pulling out when there are pedestrians or other vulnerable road 
users in the frontal blind spot areas of the vehicle. 

The following technical innovations were made: 

 Obstacle detection techniques with “fish eye” camera field 
of view for Start Inhibit application. 

 Motion stereo techniques to achieve 3D information using 
mono vision system have been investigated for collision 
mitigation application. 
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 A new concept of laser scanner in combination with SRR 
for Pre-fire functionality has been developed and tested, 
representing an innovative technological approach. 

 Enhanced ultrasonic sensors, based on similar sensor 
components that will be used for the next generation of 
Parking Aid systems, have been investigated for Pre-fire 
and Pre-set low cost applications. 

 Use of Laser scanner measurements on object contours 
provided for Pre-fire functionality application in combination 
with SRR represents an innovative technological approach. 

Furthermore, within the PReVENT- APALACI project activities the 
extension of the Start Inhibit application to the Low Speed 
Proximity warning system was developed. Actually, this function 
was not planned in the beginning of the project. 

Signal and image processing and advanced data fusion 
techniques were applied thoroughly in the subproject in order to 
enable sensor systems and application to carry out their tasks, 
consisting mainly in geometric reasoning, classification of obstacle 
/vulnerable road users / vehicles. 

 

1

time-to-crash 0s~2s time-to-crash 0s~2s time-to-crash 0s~2s

Start- InhibitStart- InhibitStart- InhibitStart- Inhibit
Pre- FirePre- FirePre- Fire

Collision 
Mitigation
Collision 
Mitigation
Collision 
Mitigation

Pre- SetPre- SetPre- SetPre- Set

 

Figure 4.12: APALACI functions. 

 Integration 
APALACI cooperated with several other PReVENT subprojects 
and programmes.  

The first cooperation activity regards COMPOSE project (being in 
the same functional area of PReVENT dealing with Collision 
mitigation and VRU protection area too). The established 
cooperation dealt especially with two aspects: 

 Integration at HW level. 

 Integration by coordinated work. 

The first point means a common experimental platform (truck, 
specifically), that has been used within several subprojects. The 
second aspect concerned the exchange of requirements and 
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specifications; the definition of common key-indicators and related 
evaluation plan; agreed test activities and objects; some common 
workshops on thematic issues and evaluation results; some 
harmonised dissemination activities; common cooperation with 
APROSYS. 

Another integration activity dealt with the subproject USERCAMS, 
whose sensor is tested using the APALACI vehicle (at sensing 
level, namely the detection of application relevant scenarios). 

The third interaction of APALACI took place with SASPENCE 
project, for a common definition of warning strategies and, in 
particular, for the integration between Collision Warning and Semi-
autonomous Collision Mitigation that was deployed and 
implemented in the INSAFES integrative subproject.  

Another important form of collaboration took place with the 
LATERAL SAFE subproject, in which different aspects were taken 
into account. First of all, both projects implemented their own 
system on the same CRF prototype. Therefore it was necessary to 
integrate the in-vehicle basic architecture and electrical design, as 
the following figure presents: 

Another important integration activity dealt with the horizontal 
subproject PROFUSION2, for which the APALACI vehicle served 
as a use-case, in particular considering the pre-crash and collision 
mitigation functions developed by Daimler, VTEC and CRF. The 
contribution involved mainly the definition of data structure related 
to the information from sensors to applications and the support to 
the specification of environment model and for demonstrators. 
Moreover, data and results from the APALACI experimental car of 
Daimler were provided to support PROFUSION2 algorithms 
development. 

APALACI has also contributed to RESPONSE3 (to the Code of 
Practise definition for the Start Inhibit and Pre-fire Functions) and 
to PReVAL. 

Concerning the other programmes, APALACI interacted with: 

 AIDE, for the implementation of Start Inhibit HMI using the 
AIDE guidelines (and S/W). 

 eIMPACT with questionnaires and collection of information 
on APALACI applications. 

 EASIS, to which APALACI has presented and offered itself 
as possible use-case (discussion about basic application 
requirement and system architecture; guidelines on system 
architecture; and so on). 

 APROSYS: common workshops are organized to share 
and discuss the achieved knowledge in the integration of 
active and passive system and in the evaluation phase. 

Finally, a link with the FRICTION project was established. 
FRICTION project is developing a friction monitoring system to be 
tested in the APALACI-CRF vehicle and integrated in the Collision 
Mitigation function. 

Another fundamental integration issue is the activity within 
PReVENT INSAFES, in which the APALACI system was 
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integrated. The participation of partners in INSAFES belonging to 
both consortia, facilitated the process (such as CRF, BOSCH, 
VTEC and Daimler). 

Sensor test

Application 
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Evaluation methodology
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Legal issues
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Figure 4.13: APALACI integration activities 

 Outlook 
A few pre-crash systems have been proposed or are available on 
the market today. The available system provides collision 
mitigation in a limited number of scenarios only. The applications 
developed in APALACI aim to increase the operation range of 
collision mitigation systems, thus advancing the state of the art in 
this field. 

Conventional restraints, like the airbags, will be adapted and their 
deployment optimised to the specific situations. The Pre-set 
function configures (“sets”) the system based on the information of 
the vehicle surroundings sensing system. By using an optimised 
system configuration, the airbags will be activated after the 
recognition of a collision based on acceleration sensors. In that 
perspective, Pre-set has low requirements concerning false alarms 
but the information about the imminent collision has to be very 
accurate and reliable in order to improve current restraint systems. 
Mainly, the time–to-collision is used to trigger the detection of a 
crash, saving time in the discrimination between crash and no-
crash (false alarm) situations. The results achieved showed that 
the requirements have been fulfilled. Because Pre-set uses 
available restraint systems, no additional actuators have to be 
added to the vehicle. This allows an improved occupant protection 
at a low cost. 
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Pre-fire uses reversible restraints like an electromechanical belt 
tensioner. Though the robustness is increased by the APALACI 
system, the crash severity cannot be estimated before the crash. 
Especially the mass of the other accident party is unknown using 
these technologies. So, one of the reasons for using reversible 
systems is to avoid costs for the end customers in crashes where 
no injuries would result due to a low weight of the obstacles 
bumped into. The results obtained show that these situations can 
be reliably categorized even instantaneously before the crash.  

The very short period of about 100 to 300 ms allows improving the 
occupant protection by activation (“fire”) of the safety systems. 
Some vehicles with reversible restraint systems are already 
available on the market, but are mainly based on one-sensor 
technology, and they do not cover all situations. In that context, 
APALACI has developed and experimented innovative sensing 
systems and data fusion approaches. For instance, the laser 
scanner has proven to enhance the reliability of decision. The main 
benefit the APALACI system is the possibility to activate the 
tensioner before the crash in different frontal crash situations so 
that the belts are already tensioned at the crash moment and they 
can act in the optimal way to protect the driver and the 
passengers. Eventually, the introduction of APALACI systems as a 
commercial product depends on costs. 

The in-vehicle integration of a Pre-fire system, using advanced 
perception platform, as a standalone system or integrated in 
collision mitigation functionalities, arose interest among most 
APALACI partners.  

The best occupant protection measure naturally needs to reduce 
the kinetic energy of the crash. Speed can be reduced by a 
braking manoeuvre in advance of the collision and in the 
appropriate way with respect to the impact conditions. 

This is based on two essential points:  

(i) The first aspect is to rely on a preliminary action by the driver on 
the brakes, which is also associated with the reliability issue. The 
system actuates the best braking action, according to the detected 
scenario. It is known in a number of accident situations the driver 
does not activate the brakes with sufficient pressure or reacts too 
late.  

(ii) The second aspect concerns the development of a reliable 
sensorial platform with characteristics adapted to short distances 
and dynamics of the pre-crash phases, and able to detect the 
objects in front. The fusion of data from a camera and a short-
medium range radar is a key point for the application and its 
reliability. The same camera technology used e.g. for Lane 
Departure Warning application can be used also for the collision 
mitigation providing synergies and cost benefits. 

A truck-specific function “Start Inhibit” was also developed in the 
project. Especially, objects in the close area in front-end of a large 
truck are difficult to detect by the driver. The “blind spot” in front-
end of the truck has comparable requirements concerning the field 
of view for pre-crash functions. Using a comparable sensor set, 
critical situations can be avoided in advance. The driver is 
informed and warned about objects close to the vehicle front-end. 
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In critical situations the start of driving can be inhibited to avoid a 
collision. The Start Inhibit application can be extended to a general 
proximity warning function, operative at zero and low speeds. This 
application uses the same sensor set-up of the Start Inhibit and 
therefore offers an added value to the customer without additional 
hardware costs. 

There is convincing evidence that the use and introduction of new 
technologies during the past ten years have significantly 
contributed to the reduction of road fatalities and injuries (e.g. 
ESP,..). In that perspective, the available information of advanced 
sensing systems can be used to further improve vehicle safety, 
even in the event of unavoidable accidents. First approaches to act 
in critical situations are already available on the market for upper 
class vehicles (e.g. Mercedes S “Distronic Plus”). These are 
mainly based on radar technology. The results obtained in 
APALACI reinforce the further usage of safety related functions 
during the Pre-crash phase. The reliability allows a stronger 
intervention in the vehicle deceleration and occupant protection, 
also in complex scenarios. Advanced products will be available on 
the market soon, but almost every partner of APALACI agrees that 
the breakthrough of these functions will not happen until around 
the year 2010. 

The next Table summarises the achievements in the pre-crash and 
collision mitigation area. 
 

Table 4.7: Main achievements in the Pre-crash and Collision 
Mitigation applications area. 

 
Objectives: Develop advanced pre-crash and collision mitigation applications: (i) pre-fire 
and pre-set appilcations on reversible (e.g., belt-pre-tensioning) and irreversible (e.g. 
airbags) restraint systems (ii) Investigate and test applications for semi-autonomous 
collision mitigation aiming at the improvement of the vehicle occupant protection by 
supporting the driver in the braking manoeuvre and mitigate collision damage by braking 
based on mutual adaptation and suitable combination of sensors (iii) Prevent truck 
drivers from pulling out when pedestrians or other vulnerable road users are in the 
vehicle’s blind spot area 

Acievement/application Collision Mitigation (semi-
autonomous braking), Pre-fire and 
Pre-set applications were 
developed aimed at improving the 
occupant protection in the event of 
an unavoidable collision. 

Successfully 
demonstrated 

Acievement/application A breakthrough were made in 
assisting and supporting the driver 
in braking manoeuvres, by 
detecting the collision conditions, 
for reducing the crash severity of 
unavoidable impacts. 

Successfully 
demonstrated 

Acievement/application High performance sensor systems 
were developed and real-time 
algorithms have been 
implemented for pre-fire and pre-
set applications including real-time 
object classification by applying 

Successfully 
demonstrated 
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innovative data fusion techniques 
to use and to integrate information 
coming from heterogeneous 
sensing devices and technologies. 

Acievement/application Start-inhibit application was 
developed to prevent truck drivers 
from pulling out when there are 
pedestrians or other vulnerable 
road users in the frontal blind spot 
area of the vehicle. 

Successfully 
demonstrated 

HMI Interface to AIDE architechure  

Integration Applications integrated on 
INSAFES platform 

 

 

 

 Autonomous Braking Systems (COMPOSE) 

 Motivation 
Some 13 000 lives are lost in Europe annually in traffic accidents 
involving heavy goods vehicles. About 40 % of these victims are 
unprotected road users, 6 % are truck drivers and 54 % are 
occupants of passenger cars. Often a crash with a heavy vehicle 
leads to very serious consequences due to large differences in the 
weight and resulting retardation forces of accident parties. 

Collision mitigation by braking can be expected to have the largest 
impact on the safety of car occupants with regard to the number of 
fatalities and severe injuries.  

In a study conducted by Volkswagen, an analysis of the pre-crash 
braking behaviour shows that in severe accidents about 85 % of 
drivers either did not put on the brakes at all or did not use the full 
possible deceleration. While the human factors behind this are still 
not perfectly understood, this finding is the rationale for assistant 
systems that maintain a safe distance between vehicles, e.g. ACC, 
or that assist the driver in emergency breaking manoeuvres. 

 Objectives 
The scientific and technical objectives of COMPOSE are the 
following: 

 Mitigate collision damage by autonomous braking to 
significantly reduce the kinetic impact energy by mutual 
adaptation and suitable combination of sensors and 
actuators. 

 Enhance road user protection by reducing peak 
deceleration and thereby minimising the severity of injuries. 

 Develop sensor systems including real-time object 
classification by applying novel data fusion strategies to 
take full advantage of the full information provided by 
different sensing technologies. 
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 Develop high-performance real-time algorithms capable of 
reliably classifying pedestrians, two-wheelers, cars and 
trucks. 

 

 

 

Figure 4.14: Safety benefit of the COMPOSE concept. 

The attainment of these goals was explicitly demonstrated by the 
COMPOSE consortium by means of two developed demonstrator 
vehicles (VTEC truck and BMW car) at the PReVENT IP exhibition 
in September 2007. 

However, the time-to-market of the developed systems depends 
on many factors, such as: 

 Increase of sensor performance and reduction of sensor 
costs. 

 Reduction of computation costs. 

 Further performance tests and system validation are 
required. 

 Correspondence with market requirements. 

 Product liability questions must be solved. 

These aspects are, of course, beyond the scope of a pure 
research project that COMPOSE represented.  

Consequently, collision mitigation systems will most probably only 
be commercially available on a mid-term basis during the next 
decade. Moreover, at first, automatic braking systems for collision 
mitigation of rear-end crashes with other vehicles can be expected 
to be available, followed by systems for the protection of 
vulnerable road users some time later; a reliable detection of 
vehicles can be more easily performed than the more challenging 
recognition of pedestrians. 
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 Achievements and innovation 
(i) Sensor development. The perception systems developed for the 
application of collision mitigation require high-performance sensor 
systems. Consequently, one task of COMPOSE was to define 
suitable sensor concepts and to adapt the available sensor 
hardware for integration in the final systems. Within COMPOSE, 
four different types of sensors or approaches for sensing the area 
in front of the vehicles were investigated: 

 A laser scanner developed by IBEO was used as the lead 
sensor both in the car and in the truck collision mitigation 
systems. Special adaptation of this sensor was performed 
in terms of signal-processing in order to optimise the 
sensor-output for the detection and tracking of relevant 
objects. 

 The BMW night-vision camera was tested for its suitability 
to serve as far-infrared camera in the detection and 
classification of vulnerable road users. The camera was 
integrated into the final system due to its good imaging 
quality and its robustness in all automotive conditions.  

 A new radar network system was tested and adapted by 
Siemens VDO in order to evaluate its performance for 
applications related to collision mitigation and protection of 
road users. 

 The Fraunhofer Gesellschaft FhG/IMS conducted a study 
on the feasibility of RF-based detection of VRUs. The 
results achieved by simulation showed a promising 
potential for this task in combination with other sensors in 
future sensor data fusion systems. 

(ii) Early sensor data fusion. Collision mitigation requires a robust 
and highly reliable perception performance, since an erroneous 
application of emergency braking caused by false alarms would 
greatly slow down the system market introduction, especially due 
to lacking user acceptance.  

To meet the application requirements regarding accuracy and 
reliability of the perception, a fusion processing scheme was 
developed, which operates on only slightly pre-processed sensor 
data. This “early fusion” approach uses the synergetic effect of a 
common and consistent data processing as well as an 
interpretation of sensor low-level data to tap almost the full sensor 
potential. It relies on a combined modelling of the environment, 
which contains object assumptions as well as a-priori knowledge. 

The integrated sensors which operate on the basis of different 
physical principles (range measuring sensors and imaging 
sensors) essentially survey an overlapping area in front of the 
vehicle. With the presented approach, distinct findings of different 
sensors were combined in order to improve the quality of the 
overall perception result. The term “early fusion” means in this 
connection combining the data provided by multiple sensors at an 
early stage of the data processing chain. In contrast to track-level 
fusion approaches, where fully processed object lists obtained 
from each sensor are fused together, these input data are only 
slightly pre-processed and have not yet suffered from information 
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loss allowing to exploit the full information of the sensors in the 
fusion process. On the contrary, this poses higher requirements in 
terms of algorithmic and computational issues such as more 
complex models combining all sensor properties are required and 
the increased amount of data calls for increased computation 
power.  

The early sensor fusion system of the demonstrator car was 
developed by BMW F&T in close cooperation with FORWISS 
Passau. 

(iii) Collision mitigation and risk assessment. Within COMPOSE 
two demonstrator vehicles, a VTEC truck and a BMW car, were 
developed addressing two different sets of scenarios. While the 
realised truck application addressed collisions with other vehicles 
in non-urban scenarios, the car application was designed for the 
collision mitigation in urban areas in a lower speed range. For the 
autonomous braking in urban areas, it was found essential to have 
a sophisticated classification capability, which is not necessarily 
required in highway scenarios for accidents between vehicles.  

Since the complexity in urban areas was assumed to be much 
greater, a more elaborated perception system was required to 
allow an adequate risk assessment in these environments: 
Autonomous braking is only activated for cases were pedestrians 
and vehicles are involved in order to decrease the risk of false 
activations in cases where automated braking is not imperatively 
required.  

The most important issue of the risk assessment units developed 
by VTEC and BMW F&T, both for the truck and the car application, 
is to take into account the driver behaviour. While a simple 
estimation of an imminent crash is not a very challenging task, the 
consideration of possible driver actions by steering or braking is 
not trivial. The COMPOSE systems considered possible driver 
interactions allowing the driver to prevent an accident until the last 
possible moment. Only if the driver has not initiated any suitable 
action the system intervenes in order to mitigate the consequences 
of the now unavoidable collision. In this way, the driver remains in 
control of his vehicle as long as possible. Automatic intervention is 
activated only during the last few hundred milliseconds before the 
crash, where technical systems can react much faster and more 
precisely than drivers. 

(iv) Testing and evaluation. A lot of effort has been put on testing 
and evaluation of the designed systems. Not only is this necessary 
to assess the performance of the final system after development, 
but it also simplifies and allows the efficient optimisation of crucial 
system parameters having a direct influence on system 
performance such as the detection rate, false alarm rate and 
achievable energy reduction. 

For this purpose, numerous test drives both on test tracks in pre-
defined scenarios and in real traffic were carried out. For the 
developed scenarios, a GNSS surveying system was used for the 
reference data generation within centimetre-level accuracy 
concerning the positioning of objects. The reference data proved to 
be useful for the comparison and derivation of performance 
indicators of the perception system. 
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Classification evaluation and system optimisation were also 
supported by a specifically developed labelling tool. By means of 
this tool, ground-truth for the belonging of the detected objects to 
the pre-defined classes (vehicles and pedestrians) was generated. 
After labelling of all recorded real traffic and test track scenes, this 
information was used to derive detection and false alarm rates and 
subsequently, to optimise the classificator accordingly. 

 Integration 
In the course of the project, a continuing cooperation was 
established between COMPOSE and other PReVENT subprojects 
but also beyond PReVENT. In this way, a direct exchange and 
dissemination of information and harmonisation of methodologies 
was put in place in order to obtain the highest benefit for all 
involved projects. The most important forms and parties of 
cooperation are listed below: 

 APALACI: Since both APALACI and COMPOSE were 
working on collision mitigation systems, there were good 
grounds for a close cooperation of the two subprojects. 
Although the focus of the projects was different, 
methodologies and approaches were close enough to bring 
about large synergies. At the PReVENT exhibition in 
Versailles, both projects shared the same test track for 
demonstration and gave a joint overview of the complete 
field of collision mitigation and pre-crash applications to the 
visitors.  

 PROFUSION2: The ProFusion2 applications were intended 
as extensions to the COMPOSE systems with different 
algorithmic approaches and extended sensor sets. 
COMPOSE shared the basics of their fusion framework 
with ProFusion2 for further improvement while ProFusion2 
provided software tools for the testing and evaluation. Data 
sequences recorded with the COMPOSE demonstrators 
using extended sensor sets (e.g. video camera, 
UseRCams camera) were provided to ProFusion2 to 
support the development of novel fusion techniques. 

 UseRCams: Also belonging to the functional field of 
collision mitigation within PReVENT, in UseRCams a new 
sensor (3D-camera) was developed. The evaluation of this 
camera was supported by COMPOSE with special focus on 
collision mitigation applications. For this purpose, the 
camera was integrated into the COMPOSE car and used 
for data recordings that have been employed for the sub-
sequent sensor evaluation.  

 INTERSAFE: Cooperation with INTERSAFE consisted in 
the harmonisation of scenarios for vulnerable road users. 
While COMPOSE addressed crash scenarios on roads, 
INTERSAFE dealt with accidents at intersections.  

 PReVAL: The joint APALACI/COMPOSE documents on 
test and evaluation methodologies and results have been 
made available to PReVAL. 

Other Integrated Safety Programme projects: 
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 APROSYS: Both APALACI and COMPOSE held common 
workshop together with APROSYS on test and evaluation 
issues. The joint COMPOSE/APALACI test and evaluation 
plan was provided to APROSYS, while APROSYS 
transferred a corresponding deliverable to these two 
PReVENT consortia in return.  As a result, all partners 
benefited from this information exchange, thus pushing the 
FP6 integration idea. 

 AIDE: In the cooperation with AIDE, COMPOSE benefited 
from knowledge for the HMI that was implemented in the 
VTEC demonstrator truck. Main topics of the joint work 
were the HMI for visual and audible driver collision warning 
and on the driver warning time preference. 

The figure below gives an overview of the most important 
cooperation activities of COMPOSE with other PReVENT projects 
and beyond (Figure 4.15). 

Joint workplan on testing
and evaluation

Utilisation of results,
provision of data

Utilisation of sensor,
information exchange

Harmonized VRU 
scenarios

Common demonstrator
car, information exchange

Information exchange  

Figure 4.15: COMPOSE integration activities. 

 Outlook 
The results achieved within COMPOSE are valuable for road 
safety in the foreseeable future. Nonetheless, the task of 
COMPOSE as a research project has been to show the feasibility 
of collision mitigation systems and not to give solutions ready for 
series production. COMPOSE also promoted the idea of active 
safety systems together with all other PReVENT subprojects. Both 
goals have been fulfilled with success as demonstrated at the 
PReVENT exhibition in Versailles, France, September 2007. 
Furthermore, international and inter-project cooperation between 
different partners were improved and the knowledge generated 
within COMPOSE was made available to the public and other 
experts in the field for further exploitation. 

The applications developed by the COMPOSE partners in the 
course of the project concerning collision mitigation and protection 
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of vulnerable road users have illustrated the potential of such 
systems in future products. The main COMPOSE project goals 
were reached and two demonstrator vehicles for the collision 
mitigation were set up successfully. Furthermore, a lot of 
knowledge has been gained by the project partners in the field of 
sensors, perception systems, situation or risk assessment and 
evaluation methodologies.  

This knowledge can be further exploited in future projects and 
applications and will be valuable for all COMPOSE partners after 
the end of PReVENT both for product development and further 
research activities in the field of preventive and active safety 
systems. 

Here, it is important to note that continuing or newly started 
activities are not restricted to collision mitigation or collision 
avoidance applications. On the contrary, the COMPOSE results 
can be used as a general base for numerous driver assistant or 
driver information systems, where the perception of the vehicle 
environment by means of various sensor systems plays a crucial 
role. On the other hand, the prototype systems developed in 
COMPOSE are still some time away from the market introduction. 
Hence, an important future task for OEMs and suppliers is to 
reduce costs and increase the performance and robustness of 
such systems in order to make them commercially available.  

In this way, the COMPOSE project partners have widened the gate 
to a numerous future activities, both research- and product-
oriented.  

The next Table summarises the achievements in the autonomous 
braking area. 

 
Table 4.8: Main achievements in the Autonomous Braking 
applications  area. 

 
Objectives: (i) Mitigate collision damage by autonomous braking to significantly reduce 
the kinetic impact energy (ii) Develop sensor systems including real-time object 
classification by applying novel data fusion strategies (ii) Develop high-performance real-
time algorithms capable of reliably classifying pedestrians, two-wheelers, cars and trucks 

Acievement/application Sensor development. Four 
different types of sensors or 
approaches for sensing the area 
in front of the vehicles were 
investigated. 

Successfully completed. 

Acievement/application Early sensor data fusion. 
Collision mitigation requires a 
robust and highly reliable 
perception performance. 

Successfully demonstrated. 

Acievement/application Collision mitigation and risk 
assessment. Two demonstrator 
vehicles, a truck and a car were 
developed for two different 
scenarios. The truck application 
addressed collisions with other 
vehicles in non-urban scenarios, 
the car application was designed 
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for the collision mitigation in 
urban areas. 

HMI Main topics were the HMI for 
visual and audible driver 
collision warning and on the 
driver warning time preference. 

Successfully completed. 

Integration With (i) APALACI on collision 
mitigation methodologies.  
COMPOSE shared the basics of 
their fusion framework (ii) with 
ProFusion2 for further 
improvement (iii) The evaluation 
of UseRCams 3D-camera was 
supported by COMPOSE with 
special focus on collision 
mitigation applications. (iv) with 
INTERSAFE, the harmonisation 
of scenarios for vulnerable road 
users. 

 

 

 

 Novel Range Camera (UseRCams) 

 Motivation 
Advanced vehicle safety systems and sensor employment aim to 
reduce the number of road fatalities drastically by providing total 
awareness to the drivers in and around the car and to warn or 
even actively assist or intervene in situations of imminent danger. 
However, currently available sensors employed for the dynamic 
surveillance of the vehicle environment provide neither the degree 
of reliability and robustness, nor the overall availability of the 
perceptual output that would be required for safety critical 
applications.  

Radar and lidar sensors, for instance, yield excellent distance and 
velocity measurement precision, but virtually no lateral resolution. 
Video cameras feature excellent lateral resolution, but the state-of-
the-art computer vision processes required for scene interpretation 
are often insufficient to identify all the relevant objects depending 
on contrast variations and environmental illumination conditions. 
Laser scanners have much better lateral resolution compared with 
radar sensors, but they come with comparatively slow scanning 
repetition rates, considerable physical size and comparatively high 
production costs. 

In order to overcome these drawbacks of the state of the art 
sensors, a pulsed laser based time-of-flight (TOF) CMOS range 
sensor was developed in UseRCams. Fully solid-state 
microsystems technology for more reliable detection and 
classification of road users, vehicles and traffic obstacles was 
exploited. The novel sensor approach aims at pedestrian 
protection and mitigation of collisions comprising the short distance 
around vehicle perception up to 25 m and features simultaneous 
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distance information of 64 x 8 pixels at an image repetition rate of 
up to 100 Hz. 

 Objective 
The objective of UseRCams was to develop an active 3D- sensor, 
vital in providing improved obstacle detection and classification at 
short range. It will be especially suitable for collision mitigation, 
protection of vulnerable road users and blind spot detection. 
During the first phase of PReVENT, UseRCams was the only 
subproject where the main emphasis lies on sensor development 
instead of application development. 

A 3D-camera prototype was developed based on a nanosecond-
pulsed laser and a customised CMOS photosensitive sensor with 
short integration time; it will deliver distance information based on 
time of flight measurements, combining high lateral resolution with 
a range of up to 20 m, independent from background illumination. 

Associated algorithms will allow detection, location and 
classification of objects (pedestrians, two-wheelers, cars, 
commercial vehicles). 

The sensor system was tested in four experimental vehicles, for 
applications covering pre-crash, blind spot detection and side- and 
rear-end collision warning.  

UseRCams cooperated with APALACI and with COMPOSE in 
order to make use of any synergies and to be able to compare 
results achieved in the different approaches. 

 Achievement and Innovations 
UseRCams made significant progress towards the ambitious 
objectives set up in the beginning of the project. The potential of 
the novel sensor with regard to the aforementioned applications 
was demonstrated. 

Although focusing on a sensor device development alone, the 
relation and integrative effects of this subproject into PReVENT in 
whole are straightforward: All four applications listed above were 
directly related to collision mitigation and vulnerable road user 
protection, which is the core objective of the corresponding 
PReVENT function group. For the applications of this function 
group, a range camera such as the one developed in UseRCams 
yields a sensor device that does not only help to detect road users 
at risk, but also allows fast object tracking and classification. This 
is realised by the combination of direct range measurements, 
relief-type distance mapping onto a 2-dimensional image array 
(which allows determination of geometric properties such as 
outline and true object size) and fast frame rate. 

Some of the performance characteristics of the present sensor 
device have to be significantly improved before an industrialisation 
of the camera can be tackled. Distinct applications are affected by 
these findings to a varying degree. While the improvement 
demands for blind area surveillance at low speed appear by all 
means attainable, this is not yet entirely clear with regard to side 
crash prediction and collision mitigation. 
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The most urgent and yet unresolved uncertainty concerns the 
requirement for (and feasibility of) an effective dynamic range of 
initially unforeseen (and as yet undetermined) size. This is brought 
about by reflective surfaces such as lane marks, licence plates and 
traffic signs which are naturally prevalent in traffic scenes. A most 
unwanted side effect of the insufficient camera dynamics is the 
considerable pixel-cross talk provoked by any significant local 
overexposure. This yields flawed distance values of adjacent 
pixels regions and thus results in systematic misperceptions.  

These findings were only established towards the end of the 
project by an analysis of data from real world traffic scenes. This 
also holds for a number of other improvement issues whose 
viability is considered feasible. 

 

Figure 4.16: UseRCams 3D / range camera. 

 Integration 
The contribution of UseRCams to PReVENT integration differs 
from other vertical subprojects. This is due to the fact that 
UseRCams was the only sensor development activity within 
PReVENT. In contrast, all other vertical subprojects were function-
targeted activities based on already existing sensors and 
communication equipment. 
Despite this, UseRCams made various efforts to contribute to 
integration. The project started with the definition of sensor 
requirements and specifications. Most of the corresponding OEM 
inputs were related to and derived from application needs of the 
two other vertical subprojects in the field of collision mitigation and 
vulnerable road user (VRU) protection. This applies to the car- 
based rear-end crash scenarios and the truck-based blind area 
surveillance pursued in APALACI, but also with the VRU protection 
function of the BMW F&T car adopted for COMPOSE. Accordingly, 
these three vehicles served as test platforms for the application- 
related evaluation of the new sensor. 

With regard to the scope of PReVENT function development, the 
side crash detection was introduced as a new feature. In contrast, 
the integrated project APROSYS (another 6th framework Integrated 
Safety Programme project), put much emphasis on side crash 
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applications, although more with the focus on smart structural 
components. 

Last but not least, the project took a significant extra effort on 
behalf of the horizontal subproject ProFusion2. By extending the 
original UseRCams project plan, comprehensive quasi-
synchronous data recordings were provided which comprehend (i) 
UseRCams (raw and range) image sequences (ii) all of the sensor 
data featured by the COMPOSE collision mitigation sedan and (iii) 
high precision carrier phase DGPS reference data describing the 
position and orientation of both host and target vehicle and / or 
pedestrian(s). 

Despite the fact that the data delivery occurred significantly 
delayed with regard to the original planning, it is clear that 
ProFusion2 (and other subsequent R&D activities) benefited from 
the data deliveries, since the range camera is a perfect 
complement to high resolution long range sensors such as laser 
scanners and / or video cameras. 

Volvo Technology integrated the UseRCams sensor device and 
the 3D image processing software provided by SIEMENS into the 
VTEC truck which serves also as demonstrator for the INSAFES 
subproject. 

Sensor data fusion/ resp. 
BMW

UseRCams camera 
integration & evaluation/ 
resp. BMW & CRF

Blind Area Surveillance/ 
resp. VTEC

Information exchange on 
new sensor technology

Sensor technologies
Implementation synergies

 

Figure 4.17: UseRCam integration activities. 

 Outlook 
While it has been clearly demonstrated that the basic technical 
approach pursued in the subproject UseRCams has significant 
potential with regard to short-range perception for road user 
protection and collision mitigation, the performance of the currently 
available camera specimens is scarcely adequate for any of the 
investigated safety critical use cases.  

This poses challenges of varying complexity, and the degree of 
satisfaction with camera performance varied accordingly. While the 
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side crash application is the most demanding in terms of angular 
resolution, distance accuracy, dynamic range and sampling rate, 
the corresponding requirements are much more relaxed for the 
blind area surveillance at low speed. Hence, the judgement of the 
camera performance has been mixed. 

This is partially due to the fact that the currently available camera 
demonstrator, when applied in the field, fails to comply with some 
of the function-related key specifications like camera frame rate 
and range accuracy.  

While better system engineering (e.g. more efficient delivery of 
excess heat, concurrency of embedded device control functions, 
geometric set-up of camera components) can certainly contribute 
to the improvement of related deficiencies, certain key issues 
related to technical rather than functional specification will have to 
be addressed in future designs.  

Some results obtained from the otherwise thoroughly conducted 
image sensor and camera characterisation activities were 
misleading, since the properties of the developed system have 
only been measured against technical specifications but not 
functional requirements. Little to no attention has been paid to the 
question as to whether some of the theoretically derived technical 
specifications did in fact comply with use-case reality. As a 
consequence, quite a few camera properties uncovered during 
field evaluation came as a real surprise, late in the development 
cycle for that matter, with little or no room left for the improvement. 

The next Table summarises the achievements in the development 
of a novel range camera. 

 
Table 4.9: Main achievements in the development of a novel Range 
(3D) camera. 

 
Objective: Develop an active 3D- sensor for an improved obstacle detection and 
classification at a short range suitable for collision mitigation, protection of vulnerable 
road users and blind spot detection. 

Acievement/application A 3D-camera prototype was 
developed based on a 
nanosecond-pulsed laser and a 
customised CMOS 
photosensitive sensor. It delivers 
distance information based on 
time of flight measurements, 
combining high lateral resolution 
with a range of up to 20 m, 
independent from background 
illumination. 

Completed. A challenge 
left: insufficient camera 
dynamics caused by the 
considerable pixel-cross 
talk provoked by any 
significant local 
overexposure. This yields 
flawed distance values of 
adjacent pixels regions and 
thus results in systematic 
misperceptions. 

HMI -  

Integration APALACI and COMPOSE 
evaluated the Range camera in 
their test vehicles. 

Successfully completed. 
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4.4 Achievements and innovations in horizontal activities 

 Code of Practise for the development and testing of ADAS 
(RESPONSE3) 

 Motivation 
ADAS applications development has been until now a process 
without any uniform practises – let alone standards. This may 
hinder the fast market application of ADAS and may pose safety 
threats and legal consequences in the event of ADAS technical 
malfunctions and failures. European Commission and Automotive 
industry launched a set of projects (RESPONSE 1, RESPONSE 2 
and RESPONSE3) to address the issue. The latest one of the 
RESPONSE projects was realised within PReVENT Integrated 
Project as a horizontal activity to encourage different subprojects 
to adapt the Code of Practice developed by RESPONSE3 in the 
early phase of PReVENT. 

 Objective 
The objective of RESPONSE3 was to translate the results of the 
former RESPONSE projects into an agreed ‘Code of Practice’ 
(CoP) for development and testing of ADAS. This is associated 
with two major issues: 

 A definition of "safe" ADAS development and testing.  

 An agreement on these development guidelines between 
all stakeholders as a basis for the company internal 
translation and/or optimisation of system design 
specifications and complementary verification methods.  

This Code of Practice contains, on a generic level, descriptions of 
procedures and processes for analysis of user requirements, 
definition of systems according to these requirements, and 
validation procedures showing that these safety-related customer 
requirements are fulfilled. The CoP has a special focus on an 
integrated “system safety - human factors” – approach, and it 
serves now as a basis for future standardisation efforts. It also 
gives advice on the legal issues regarding product liability, driver’s 
responsibility vs. manufacturer’s liability etc. 

How to use the Code of Practice? The Code of Practice can be 
used as a generic process plan, i.e. depending on a specific 
application it will be possible to derive a corresponding process 
(and action) plan (with regard to specification, development, 
organisational requirements, validation, market introduction) by 
tailoring the Code of Practice. 

A prerequisite of building up a Code of Practice and to implement it 
is based on broad consensus between the automotive industry 
itself and also between industry and authorities. Corresponding 
workshops with the stakeholders served as a consensus building 
process between industry and authorities. 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 114 

 Achievement and Innovations 
The introduction of Code of Practise (CoP) makes the 
achievement and innovation of the RESPONSE3 horizontal 
activity. 

The knowledge and best practices in the development of ADAS 
have been brought together within RESPONSE3. Among the 
partner companies, experts from the fields of system development, 
human-machine interaction, system verification, system safety and 
product analysis contributed to the CoP and discussed their 
different approaches to consolidate the available knowledge and 
best practices in the CoP. 

To structure the various inputs and guidelines for the application of 
the available recommendations, checklists and method 
descriptions, a generic product development process and a 
flowchart for the recommended working steps regarding 
controllability have been introduced within the CoP. 

A validation phase was used to check the comprehensibility and 
consistency of the CoP as well as the technical feasibility of the 
recommendations. This process was started within PReVENT at 
the mid-term workshop in November 2005 during which the draft 
version of the CoP was presented. Results from the application of 
the draft CoP in all PReVENT SPs were collected by means of a 
questionnaire. The questionnaires were evaluated and the 
feedback received was included in the CoP. 

As a second step, the applicability of the CoP was evaluated in a 
more realistic environment. The RESPONSE3 partner companies 
agreed to discuss it internally with their respective development 
departments and provided feedback to the group about the 
experience gained internally. The actual technical results of the 
application have not been disclosed to the project partners. The 
CoP was to various ADAS in different development stages to 
ensure that the whole development cycle was covered during the 
validation. 

This second validation phase lasted from April to August 2006 
including the updates and concluding discussions within the 
RESPONSE3 group. 

 Integration 
The RESPONSE3 integration activities consisted of – as can be 
understood from the nature of the task – providing those 
subprojects engaged in ADAS development and integration work a 
tool for the development and assessment work.  

Outlook 

The work performed so far leads to the conclusion that until now 
there has been no standardised ADAS development procedure 
available. The reason for this is not only the diversity of procedures 
in companies, but mainly the various ADAS-functions having very 
specific features.  

All these aspects have been collected, and the CoP aims at 
serving as a guideline assisting persons involved in ADAS 
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development to exploit state-of-the-art knowledge with respect to 
risk identification and risk assessment as well as methodology for 
the evaluation of driver controllability. 

The objective of a safe ADAS development and testing can be 
reached by using the CoP. 

RESPONSE3 was always aiming at results that will not only be 
valid for the PReVENT project but also benefit daily activities in 
ADAS development overall. To continue the work towards this goal 
an agreement with the European Automobile Manufacturers 
Association (ACEA), it was decided that CoP is handed over to the 
ACEA task force on “Active safety”. The roadmap for the handing 
over and pursuing the work is described in the following table. 

The next Table summarises the achievements and next steps in 
the development of Code of Practise (CoP). 

 

Table 4.10: RESPONSE3 main achievements. 

Objectives: Create ‘Code of Practice’ (CoP) for development and testing of ADAS. This is 
associated with two issues: (i) A definition of "safe" ADAS development and testing (ii) 
An agreement on these development guidelines between all stakeholders as a basis for 
the company internal translation and/or optimisation of system design specifications and 
complementary verification methods.  

Achievement/application Creation of Code of Practise. Successfully completed. 

Achievement/application Exploitation plan and further 
activities as follows: 

 12.09.2006: resentation 
of the RESPONSE3 
results to the ACEA 
Task Force “Active 
Safety”. 

 28.09.2006: Decision of 
the ACEA Working 
Group “Passenger Car 
Safety” to distribute and 
monitor the application 
of the Code of Practice. 

 31.03.2007: The Task 
Force “Active Safety” 
collected feedback from 
its members and 
revised the Code of 
Practice. The result 
was transferred to the 
ACEA  

 Later in 2007:  After 
review of the Code of 
Practice further actions 
were recommended by 
ACEA. 

 In 2008: The code of 
practice is in actual use 
at the OEMS (example 
DAG and BMW). 

Successfully completed. 
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Integration Discussion of legal issues and 
system design principles of 
ADAS development with 
vertical sub-projects. 

 

 

 Enhancing the Use of Digital Maps (MAPS&ADAS) 

 Motivation 
An increasing number of vehicles are equipped with navigation 
systems today. So far, the potential of map usage has not been 
fully exploited, because in-vehicle map databases contain little 
safety related data and are still not accessible to other applications 
than navigation.  

Digital map data with enhanced attributes allow drivers more time 
to react to unexpected situations ahead and pave way to future 
cooperative driving applications. 

 Objectives 
The objectives for MAPS&ADAS were to develop, test and 
validate:  

 Appropriate methods for gathering and maintaining safety 
content to be integrated into safety-enhanced in-vehicle 
digital maps and related changes of the standardised 
exchange format (GDF) for ADAS and Navigation 
Applications.  

 An applicable standard for an interface between ADAS and 
the in-vehicle map data sources (not necessarily navigation 
systems) for accessing map data around the vehicle 
position in order to enhance or enable preventive and 
active safety applications.  

More specifically, the objectives included the work from the 
specifications phase: 

 Developing the interface and data entity specifications 
necessary to build and access to the electronic horizon, the 
‘ADAS interface’ through ‘ADAS Maps’. 

 Developing a driver warning systems with the following use 
cases (i) hotspots on accidents sites and (ii) speed limit 
warning systems. 

Consequently, MAPS&ADAS objectives included also developing, 
testing and validating an applicable standard for an interface 
between ADAS and map data sources (not necessarily navigation 
systems) for accessing map data around the vehicle position in 
order to enhance or enable preventive and active safety 
applications. The validation was carried out by OEMs. 
MAPS&ADAS delivered to the vertical subprojects concerned the 
ADAS Horizon provider-systems on target hardware as well as the 
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"test container" software necessary for the application to read the 
data transmitted at the interface on the defined bus (e.g. CAN). 

MAPS&ADAS also developed and validated mechanisms for 
acquiring and making available safety data owned by public 
authorities and private organisations (attributes) to integrate in in-
vehicle digital maps to be used by different ADAS applications. 
Additionally, MAPS&ADAS explored innovative data acquisition 
technologies and business models for enhancing up-to-date 
coverage and quality of the ADAS Maps. Requirements set out by 
vertical subprojects and use cases were used as a basis for 
MAPS&ADAS development. 

In the second phase of the project, MAPS&ADAS developed and 
tested an application called Driver Warning Systems including Hot 
Spot Warning (HSW) and Speed Limit Warning (SLW) functions as 
a mean for validation of ADAS Maps. 

Achievement and Innovations 

MAPS&ADAS activities were distributed among five phases 
including requirements, specifications & architecture, 
implementation, test and validation addressing the three novel 
achievements of the subproject:  

 

(i) ADAS Maps, 

(ii) ADAS Interface,  

(iii) Driver Warning System. 

The whole ADAS Horizon concept with main activity areas is 
depicted in Figure 4.18. 
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Figure 4.18: MAPS&ADAS concept with main activity areas. 

(i) ADAS Maps. MAPS&ADAS organised discussions with both 
industry partners and public authorities concerning prioritisation of 
attribute requirements for digital maps for safety-related ADAS 
applications. These discussions produced a priority list of eight 
attributes:  

 legal speed limit. 

 traffic sign. 

 lane information. 

 traffic light. 

 crossing with other modes (pedestrian, bicycle, railway). 

 accident hot spot (or accident risk location). 

 slope (or road gradient). 

 banking (or super-elevation). 

Each of these attributes were analysed in terms of coverage in the 
current Geographic Data Files (GDF) standard (GDF 4.0), and 
enhancements were proposed if revisions of standards were 
needed. 

To conclude, it can be stated that only limited extensions to GDF 
are needed to  cover sufficiently the representation of the eight 
priority ADAS attributes. 

(ii) ADAS Interface. Several components and systems have been 
developed that implement the ADAS interface (see Figure 4.19): 
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 An ADAS Horizon Provider (AHP) is a system that 
generates an ADAS Horizon and distributes it on a bus. 
Four AHP systems were developed (2 dedicated and 2 
navigation-based systems). 

 An ADAS Client is receiving the ADAS Horizon from the 
bus. It includes an ADAS Horizon Reconstructor (AHR) that 
reconstructs the received ADAS Horizon, and makes its 
content available to the application via an API. 

 A reference implementation of the AHR was developed. It 
has been used in an ACC system. 

 The Test Container is a separate system that measures the 
impact of the protocol on the CAN bus. 
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Figure 4.19: Overview of implementations. 

After finishing implementation, all ADAS Horizon Providers have 
been tested with the reference implementation of the ADAS 
Horizon Reconstructor (AHR). At an interoperability workshop on 
December 7, 2005, it was concluded that all ADAS Horizon 
Providers could be connected through a CAN bus to multiple 
ADAS clients and visualizers that were based on the AHR 
reference implementation.  

(iii) Driver Warning System. The Driver Warning System exploited 
the ADAS Interface API as input interface for positioning 
information and data of the digital map, extended with the required 
ADAS attributes. 

The system also has additional access to car and environmental 
data as far as this information is provided via the standard car bus. 

The Driver Warning System encapsulates the two warning 
applications: the (1) Hot-Spot Warning (HSW) and the (2) Speed 
Limit Warning (SLW). 

The Human-Machine Interface (HMI) is implemented in a separate 
function. It provides the graphic and acoustic information to the 
driver in an appropriate way. 
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(1) Hot Spot Warning System Concept. A hot spot for the Hot-Spot 
Warning (HSW) application is defined as a road segment or a 
specific place on the road that represents an increased risk of 
accident to a driver. This may, but does not need to, correspond 
with a high number of accidents in the past. Hot spots are often 
generated by accident data collected by the police and stored in 
databases in state statistical offices. 

In general, a hot spot is characterised by a surprising change in 
the road characteristic that a driver may not realise early enough 
when driving at an excessive speed or lacking concentration. A hot 
spot may be limited to adverse conditions such as sub-zero 
temperatures or limited visibility. 

The Hot-Spot Warning System (HSW) provides an anticipatory 
warning of potentially dangerous sites along the road network 
depending on environmental influences and current driving 
dynamics. Therefore, different data of the actual travel have to be 
assessed continuously: 

 Current location, heading, speed of the vehicle. 

 Details on the circumstances of the actual ride (vehicle 
data). 

 Environmental conditions (lighting, temperature, 
rain/moisture, wind etc.). 

 ADAS map: coded dangerous places (hot spots) and details 
on the nature of the danger. 

The concept of HSW is to inform the driver of a potential hazard 
ahead that has earlier led to an accident under given conditions or 
could do so. 

The warning will be generated when the comparison of the 
circumstances that led to the accident with the current status of the 
vehicle (speed, position, probable route) in combination with 
environmental data (e.g. date, time, temperature, light condition 
and weather as far as available) shows a high probability of an 
accident in the next seconds. 

(2) Speed Limit Warning System Concept (SLW). The concept of 
SLW is to inform the driver when the vehicle speed is higher than 
the posted speed limit. This is done by comparing the speed of the 
vehicle with the current static speed limit stored in the ADAS map. 
This information is usually provided by public road authorities 
(depending on country and regulation). It corresponds generally to 
speed limit signs, general speed limits (like 50 kmph within 
residential areas in Germany or 70, 80 or 100 kmph on rural roads, 
etc.) or specific information about inappropriate speed near 
schools, old people’s homes, etc. Speed limits may also depend 
on weather conditions, vehicle type, period of the year, etc. As a 
consequence, speed limit data should take into account these 
conditional characteristics. Dynamic update of static speed limit 
information in the map and variable speed limits were not 
addressed by MAPS&ADAS. 

Regarding implementation activities of the Driver Warning System,  
two main results were successfully achieved: 
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 A test track of almost 100 km was used in Lower Saxony 
near Hildesheim for which an ADAS map with Hot Spot and 
Speed Limit attributes were produced.  

 The ADAS Horizon Provider System, developed by 
Blaupunkt in the first project phase, was used to deliver the 
ADAS horizon. The reference implementation of the AHR 
and the ADAS API were used on the application side. All 
components of the Driver Warning System were integrated 
in a dedicated test car equipped with additional cameras 
used for the technical field tests and behavioural studies.  

 Integration 
Due to the nature of the work, it was natural for MAPS&ADAS to 
develop a constant cooperation between vertical and horizontal 
subprojects, SASPENCE, LATERAL SAFE, SAFELANE, 
WILLWARN and other ProFusion, ProFusion2, INSAFES, 
PReVAL, respectively. The cooperation dealt with the ADAS 
Interface and the provision of ADAS maps to ensure a successful 
implementation of MAPS&ADAS results by PReVENT 
applications. 

Cooperation with Vertical Subprojects was organized by means of 
five dedicated meetings and other joint activities with relevant 
vertical subproject representatives. 

In a similar way, also cooperation with horizontal activities was 
organized. MAPS&ADAS contributed to the questionnaire set up 
by PROFUSION concerning digital maps as a sensor. 

The topics addressed were the channels to provide ProFusion 
with: 

 Information about state of the art in the fields of sensors 
and sensor data fusion. 

 Needs and requirements in these fields for Preventive 
Safety functions.  

 Limitations and problems encountered.  

 Choices made by vertical subprojects .  

The resulting information from this questionnaire, together with 
system requirements from vertical SPs were used by ProFusion to 
analyze the state-of-the-art. This information was fed back to 
vertical SPs through their direct channels with ProFusion. 

MAPS&ADAS provided support to INSAFES with the delivery of 
the ADAS Interface and test site maps.  

Besides MAPS&ADAS internal evaluation, the PReVENT 
Integrated Project also provided the subproject PReVAL which 
addresses the possible impacts of all safety applications 
developed and demonstrated within MAPS&ADAS.  

In the frame of the IP Exhibition organised on 18-22 September 
2007 in Versailles (France), MAPS&ADAS gave a major 
contribution for the preparation and production of test tracks map 
to support PReVENT application demonstrations.  



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 122 

Furthermore, MAPS&ADAS integration activities extended beyond 
PReVENT as well. Main achievement within liaison activities is the 
development of close cooperation between MAPS&ADAS 
consortium and all other stakeholders from public and private 
sectors who play a major role in the value chain of digital maps for 
ADAS applications.  

These activities were: 

(i) Participation in the activities of the ADASIS Forum which has to 
be considered as the User Forum of MAPS&ADAS with a 
worldwide participation of automotive industry. MAPS&ADAS 
Public Authorities Consultation Platform 

(ii) Contributing to the MAPS&ADAS Public Authorities 
Consultation Platform established to develop close cooperation 
with road authorities, especially with respects to safety attribute 
requirements and data sourcing. This platform was composed on 
representatives from 8 Members States (Norway, Denmark, 
France, UK, The Netherlands, Belgium, Sweden and Finland). 
Within MAPS&ADAS activities, 4 meetings were organised. 

(iii) eSafety Digital Maps Working Group. MAPS&ADAS partners 
have been deeply involved in the eSafety Digital Maps Working 
Group and gave a significant contribution to the achievements of 
the working group objectives. 

(iv) MAPS&ADAS and SafeMAP joint workshop. This major event 
was organised in February 2007 in Paris with SafeMAP consortium 
to present results of both projects on the use of maps for ADAS 
and the contribution to road safety. With more than 50 participants, 
from Europe and also Japan, the workshop was a great success 
considering the dedicated nature of the activity. 

(v) MAPS&ADAS FeedMAP Cooperation. MAPS&ADAS and 
FeedMAP partners organised a cooperation meeting in July 2006 
in order to develop synergies on two main issues addressed by 
both projects: 

 ADAS Interface (data requirements and implementation). 

 Map data sourcing and update (Data chain, Cooperation 
with Public Authorities / Road Operators, Relevance of 
FeedMAP concept for safety attributes). 
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Figure 4.20: MAPS&ADAS integration activities. 

 Outlook 
The feasibility assessment of an interface between ADAS and map 
data sources has technical, technological, economical and 
business implications. As a part of its major objectives 
MAPS&ADAS addressed technical and technological aspects and 
took a major step by assessing the technical feasibility and the 
interoperability of such a standardised interface.  The next step 
that is out of the scope of MAPS&ADAS, deals with the necessary 
efforts to integrate prototype implementation into series 
environment to enable market introduction. This phase requires 
close cooperation with series departments to fulfil series 
development constraints with respect to the share of car 
components (e.g. CAN bus…), quality policy, test environment, 
performance etc., and it is not anymore at the pre-competitive 
stage. 

Due to the fact that BMW already has a map-supported ACC 
system on the market, using a proprietary interface, the 
MAPS&ADAS consortium decided to take advantage of this 
situation to work with the map-supported ACC series application. It 
provided an opportunity to the consortium to explore in advance 
potential issues and needed cooperation with the series production 
department to enable successful series implementation, and it 
contributed to clearly identify next steps towards market 
introduction.  

Further steps are needed for the implementation in a series 
environment considering the objectives of MAPS&ADAS with 
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regard to the ADAS interface to be developed, tested and 
validated as an applicable standard. Discussions initiated with 
BMW series departments and research department of other OEMs 
and suppliers within MAPS&ADAS and the ADASIS forum showed 
the necessity to cooperate closely with series development 
(network and application) to assess the feasibility of the proposed 
mechanism. This cooperation has been intensified in the ADASIS 
Forum as an exploitation of the MAPS&ADAS results. 

The ADASIS Forum acting as the MAPS&ADAS User Forum is a 
self-funded industry initiative launched in 2002 and coordinated by 
ERTICO, aiming at supporting and promoting the development and 
the implementation of a standardised interface between ADAS 
applications and digital map content. The ADASIS Forum has 31 
members from vehicle manufacturers, ADAS suppliers, navigation 
system suppliers and map providers. 

The next Table summarises the achievements of MAPS&ADAS 
horizontal sub-project. 

 

Table 4.21: MAPS&ADAS main achievements. 

Objectives: The objectives for MAPS&ADAS were to develop, test and validate: (i) 
Appropriate methods for gathering and maintaining safety content to be integrated into 
safety-enhanced in-vehicle digital maps and related changes of the standardised 
exchange format (GDF) for ADAS and Navigation Applications (ii) An applicable standard 
for an interface between ADAS and the in-vehicle map data sources (not necessarily 
navigation systems) for accessing map data around the vehicle position in order to 
enhance or enable preventive and active safety applications.  

Achievement/application ADAS Maps. Prioritisation of 
attribute requirements for digital 
maps for safety-related ADAS 
applications.  

Successfully completed. 

Achievement/application ADAS Interface. Several 
components and systems were  
developed that implement the 
ADAS interface  

Successfully completed. 

Achievement/application Driver Warning System. The 
Driver Warning System 
exploited the ADAS Interface 
API as input interface for 
positioning information and data 
of the digital map, extended 
with the required attributes. 

Successfully completed. 

HMI Together with AIDE, HMI and 
ADAS interface implementation 

Successfully completed. 

Integration Cooperation between vertical 
and horizontal subprojects, 
SASPENCE, LATERAL SAFE, 
SAFELANE, WILLWARN and 
other ProFusion, ProFusion2, 
INSAFES, PReVAL, 
respectively. The cooperation 
dealt with the ADAS Interface 
and the provision of ADAS 
maps.  
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 Sensor Data Fusion (ProFusion 1 and 2) 

 Motivation 
PReVENT was addressing primarily active and preventive safety 
applications. The corresponding functions rely widely on multi- 
sensor perception strategies featuring sensor data fusion. Hence, 
the strategy of PReVENT was to initiate horizontal subproject 
penetrating different function fields to streamline and to develop 
the subject of multi-sensor fusion in a greater degree of depth and 
a more systematic approach as compared to the function-based 
vertical subprojects.  

This rationale was motivated by the observation that a variety of 
national and international research projects have been devoted to 
the development and improvement of active and preventive safety 
systems, and that all of them were affected by the limited 
performance and deficiencies of the available sensors and sensor 
platforms. Hence, it has been obvious to embrace a horizontal 
subproject that adopts a variety of challenges and open issues in 
the field of multi-sensor perception. In order to achieve the highest 
impact, ProFusion was realised in two phases. 

During the initial phase of 6 months, the subproject ProFusion1 
worked in close connection to all vertical subprojects inside 
PReVENT that lead activities related to sensors and sensor data 
fusion, and even to activities and experts outside PReVENT. This 
preparatory phase of ProFusion was conducted on the one hand to 
assess the state-of-the-art in the field and on the other hand to 
derive the most urgent technical requirements of the PReVENT 
applications. These cover largely the technical requirements in the 
entire field of sensor data fusion and technical perception for driver 
assistance and active safety. At the end of this preparatory phase, 
recommendations for phase 2 projects on sensors and sensor data 
fusion were given. A second phase subproject should pick up as 
much recommendations as reasonable with regard to the IP 
PReVENT and vertical subproject objectives. 

ProFusion2 is the successor of ProFusion1 and took up virtually all 
of these recommendations, weighted them according to the 
priorities set in the final report of ProFusion1 and complemented 
them by dedicated efforts to strengthen the PReVENT integration.  

 Objectives 
The overall objective of ProFusion projects was to advance the 
sensor data fusion techniques used for driver assistance and 
active safety systems beyond the current state-of-the-art.  

This was done by setting up a modular and interoperable fusion 
architecture for multi-sensor system integrating diverse 
approaches such as low and high sensor data fusion, algorithms 
for situation refinement and so on. On the conceptual level, this 
was realized for all applications and implemented for selected use-
cases, as this procedure was more resource efficient. The aim of 
this procedure was to focus on scientific improvements. 
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The main technical objective was to develop the 4D scene / 
environment model and to deliver an extended view of the 
environment to the applications in terms of a more detailed 
representation, and to define data structures for each processing 
step during the fusion process, like e.g. for raw sensor data, data 
features or objects detected by specific sensors. 

For the object refinement ProFusion2 had the aim to develop new 
algorithms and enhance existing ones for filtering, data association 
and object classification. A specific target was to deduce the 
potential of confidence measures from complementary and / or 
redundant sensor data for every processing step. Furthermore, 
new motion models were added to the list of objectives. 

Research objectives included situation refinement with trajectory 
classification and prediction of objects on the road, trajectory 
estimation of the ego-vehicle based on multiple sensor information, 
like detected lanes, ego-vehicle dynamics and map data, as well 
as generic decision components for the prediction of the driver’s 
intention. 

Decision

Applications for
Better
Safety 

or
traffic efficiency

Perception

SENSORS
DIGITAL MAPS

V2V
I2V

Action

Information,
Warnings,

Assistance,
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Figure 4.21: ProFusion building blocks. 

 Achievements and innovations 
Due to the fact that the vertical subprojects are more function- 
driven, ProFusion2 had the mission to investigate the field of 
sensor data fusion. Sensor data fusion (SDF) is a rather young 
field in the automotive research area and hence largely 
unexplored. The roots in the need of SDF lie in the evolution of 
driver assistance and active safety systems, which started to use 
multiple sensors in order to fulfil the requirements of robustness 
and reliability. The intelligent processing of multiple sensor signals 
founded the sensor data fusion topic and arose the never 
answered question: “Which is the best approach?”. ProFusion2 will 
not answer this question as many successors will not do it, 
because of the huge diversity of sensors, sensor sets and 
applications. Instead, ProFusion2 has provided many parts of the 
answer like the evaluation tool to assess sensor data fusion 
algorithms, the framework to compare different approach and the 
development towards the different SDF approaches. The latter has 
not yet been conducted in any other project at this level in the 
automotive area. 
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Besides the research work, one scientific quality feature of 
ProFusion2 was the dissemination work. The predecessor project, 
ProFusion1 has clearly shown that there is demand on 
standardization, development and wording on the sensor data 
fusion area across Europe. ProFusion2 made substantial 
improvements by organising the fusion workshops, publishing the 
eJournals and developing the Fusion Guide. 

In addition to the research orientation of ProFusion2, the 
integration of multiple fusion approaches in multiple use cases 
clearly marks a scientific and technological innovation (see Figure 
4.22 below). As every approach has been selected with specific 
advantages (scientific and technology wise), the following list 
describes S&T quality and innovation. 

1. Definition, development and implementation of a common multi 
sensor data fusion architecture. Because of the multiple fusion 
approaches and multiple use-cases a generic architecture was 
defined in the beginning and depending on the implementation 
depth implemented into the use-case on different levels.   

2. Definition, development and implementation of the 4D 
Perception Memory, which is the central memory in the SDF 
framework.  

3. Research on five promising multi-sensor data fusion 
approaches. When investigating the requirements of different 
use-cases in the vertical subprojects, it was clear that not a 
single approach will suit all. This list cavers the main research 
directions: 

(i) Early fusion approach. 

(ii) Track level fusion approach. 

(iii) Multi level fusion approach. 

(iv) Grid based fusion approach. 

(v) Feedback fusion. 

4. In order to “validate” the research work, as much as possible 
inside ProFusion2, use-cases had been selected to serve as 
implementation platform. Hence they delivered the sensor 
basis, situation recordings and even the online processing 
platforms for several use-cases. Since every use-case 
corresponds to a vertical subproject, we also the subprojects 
and the responsible partners were listed: 

a. Forwiss / BMW COMPOSE car. 

b. CRF INSAFES. 

c. CRF SASPENCE. 

d. Daimler APALACI. 

e. VTEC COMPOSE & SAFELANE truck. 

5. Integration into PReVENT was a very important objective for 
ProFusion2, because as a horizontal subproject, ProFusion2 
was very much depending on the vertical subprojects. An 
additional aspect was the streamlining factor, which nearly 
forced the integration. The main integration partners were 
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naturally the vertical subprojects with the use cases and the 
respective research partners.  

 Integration 
ProFusion1 and 2 were one of the major PReVENT horizontal 
activities, and the contribution ProFusion made to the integration 
concerning the sensor data fusion of the vertical subprojects was 
essential (Figure 4.23). Moreover, the external integration of 
ProFusion2 was also significant thanks to the fusion forum that 
established a number of internal and external activities such as 
fusion workshop, eJournal and the link with projects like SEFS, 
APROSYS and IVSS. 

The integration subproject, INSAFES started after ProFusion2 
having a possibility to build on ProFusion2 results. The ProFusion2 
use cases were implemented and tested in demonstrator vehicles 
in other subprojects (see Figure 4.22) and thus, common in many 
times, partners shared the knowledge with the ProFusion2 
partners.  

And consequently, the experience accumulated in ProFusion2 and 
the tools and methods developed, were provided as a feedback to 
the other subprojects that were still under implementation. Those 
subprojects were (i) COMPOSE whose application was a use case 
of two demonstrator vehicles of ProFusion2, (ii) the SASPENCE 
demonstrator vehicle with its applications that was also used for 
ProFusion2 algorithmic development, (iii) the APALACI with a 
demonstrator vehicle used in ProFusion2, (iv) the SAFELANE use 
case that utilizes a use case of the COMPOSE/SAFELANE 
demonstrator, and (v) the INSAFES CRF demonstrator that was 
also a ProFusion2 demonstrator vehicle. LATERAL SAFE system 
with its application is also present in the integrated demonstrated 
vehicle of INSAFES.  
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Figure 4.22: Integration of ProFusion2 inside PReVENT 
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The fact that ProFusion2 development took place in several 
PReVENT demonstrator vehicles made a major contribution of 
ProFusion2 in PReVENT integration. Apart from theoretical, 
architectural and fusion algorithmic issues, the integration also 
concerned practical engineering issues of sensor and system 
integration work in the vehicles. Several PReVENT subprojects 
used the theoretical aspects of fusion, as well as vehicle 
integration issues, and generally the ProFusion2 framework in their 
architecture.  

ProFusion2 contribution was significant towards the general goal 
of INSAFES to improve the functionality and reliability of 
applications developed within PREVENT and to advance from 
stand-alone safety applications, targeting one specific function 
each, to an integrated system. The ProFusion2 architectural 
framework includes the definition of the different layers of road 
environments (such as perception layer) and this terminology was 
accepted by the PReVENT SPs that implemented fusion systems. 
The strong participation of partners of VSPs in ProFusion2 (and 
ProFusion1) integration activities basically through participation in 
the Fusion Forum and its workshops added significantly to the 
common understanding and the exchange of knowledge between 
the fusion experts of PReVENT. 

Fusion Forum
eJournal

 

Figure 4.23: ProFusion integration activities. 

 Outlook 
Concerning the sensor data fusion research area, ProFusion has 
shown that the desired objectives can be reached by means of 
sensor data fusion. The approaches need to be selected carefully 
with the sensors, sensor sets and applications in mind. ProFusion 
activities have proven that such complex algorithm systems can 
function in real time, and they can be implemented into current 
vehicles. ProFusion has also shown that some algorithms are still 
too demanding for existing computing platforms. More 
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development on this field needs to be done before such algorithms 
can run on real vehicles. ProFusion has furthermore shown that 
sensor data fusion is a young discipline compared to signal 
processing, image processing or radar data processing.  

Hence it is absolutely necessary to continue this work as has 
already been done in the other research areas to come up with 
more detailed comparisons, proof of concepts with different sensor 
sets etc. The next logical step for the continuation of ProFusion2 
would be to consider the sensor data fusion development into the 
application development as an inherent part of the system and to 
standardize the sensor protocol and interfaces as far as possible .  

The latter would allow the realization of different applications with 
one sensor data fusion (perception) system. Another aspect in this 
area is the use of already available knowledge from other research 
areas such as military or robotics. This aspect fits between the 
research and the dissemination areas but it shows that SDF is not 
a new topic for the research community, but new for the 
automotive area. A second aspect of SDF especially, the lower 
level SDF approaches is the aspect of integration. The “lower” the 
SDF approach (Early Fusion – Multi level Fusion) is the higher the 
integration of the sensors and sensor data has to be. That means 
that e.g. the Early Fusion approach all sensors have to be 
connected to a central sensor data fusion platform, which allows 
the access of to the lower level / early data. This is also true for the 
Multi level and Fusion Feedback approaches. These integrated 
solutions have the disadvantage to loose the modularity like the 
Track level fusion approach comprises. 

ProFusion2 is a good example of a successful cooperation 
between industry (car manufacturers and suppliers) and research 
institutes. This cooperation model serves also as a good example 
for future projects, which could carry on the work of ProFusion2. It 
could serve also as a good model for the future deployment of 
sensor data fusion, as a technology, where the research institutes 
could be consulting the industry to introduce / standardize the 
SDF. That what has been proven, is that SDF systems are getting 
more complex with every additional sensor. To reduce the 
complexity on the application side, sensor data fusion and hence 
the perception layer has been introduced, which decouples the 
application from the sensing system. The goal of using sensor data 
fusion is beside the increased robustness and reliability, the 
possibility to implement multiple applications sharing the same set 
or a subset of the sensors. This will reduce the resources per 
application, but also increases the complexity. One step towards 
this goal would be to introduce standardization in terms of wording, 
sensor protocol, sensor interface and SDF platform. 

The next Table summarises the achievements of ProFusion 1 and 
2 horizontal sub-projects. 
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Table 4.32: ProFusion 1 and 2  main achievements. 

Objectives: Advance the sensor data fusion techniques used for driver assistance and 
active safety systems beyond the current state-of-the-art. 

Achievement/application Definition, development and 
implementation of a common multi 
sensor data fusion architecture. A 
generic architecture was defined 
and implemented in the use-case 
on different levels. 

Successfully completed. 

Achievement/application Definition, development and 
implementation of the 4D 
Perception Memory, which is the 
central memory in the SDF 
framework. 

Successfully completed. 

Achievement/application Research on five promising multi-
sensor data fusion approaches: (i) 
Early fusion approach. (ii) Track 
level fusion approach. (iii) Multi 
level fusion approach. (iv) Grid 
based fusion approach. (v) 
Feedback fusion. 

Successfully completed. 

HMI -  

Integration INSAFES started after ProFusion 
2 having and built on ProFusion 2 
results. The ProFusion2 use 
cases were implemented and 
tested in demonstrator vehicles in 
other subprojects.  

 

 

4.5 Achievements and innovations in integrating the safety functions - 
INSAFES 

 Motivation 
All PReVENT activities are highlighted in the functions integration 
work carried out in the INSAFES subproject. This paves way to 
later electronic safety zone around vehicles bringing the zero-
accident vision one step closer to reality.   

INSAFES does not relate to a specific accident area or functional 
field in the same sense as the PReVENT vertical sub projects. 
Instead, INSAFES, with its main goal to combine and benefit from 
the results of different PReVENT functions, covers all the 
PReVENT functional fields with the exception of Intersection 
Safety.  

INSAFES addresses the integration of results from  
the PReVENT functional fields:  

 Safe Speed and Safe Following: SASPENCE, WILLWARN. 

 Lateral Support: LATERAL SAFE, SAFELANE.  

 Collision Mitigation and Vulnerable Road users: APALACI. 
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This means that practically all major accident situations were 
addressed. Both accidents related to speed, distance to vehicles 
ahead, limited field of view and lane change were considered.  

INSAFES covers a vast range of different accident scenarios, 
addressing both blind spot related accidents, accidents related to 
excessive speed and collisions with other road users. This 
approach when realised in future vehicles will make road 
essentially safer than today. 

The INSAFES applications have a potential to have a considerable 
impact on traffic safety, by covering a majority of the road 
accidents. For example, “Integrated Longitudinal support” 
application addresses about 75 % and the “All-around collision 
warning” application 80 % of the total road accidents with regard to 
all types of vehicles.  

 Objectives 
The general goal of INSAFES was to improve the functionality and 
reliability of applications developed within PReVENT and to 
advance from stand-alone safety applications, targeting one 
specific function each, to an integrated system, covering a vast 
range of applications. This priority of INSAFES focused on the full 
coverage of the surrounding of a vehicle, in order to warn the 
driver, intervene, or mitigate the effects of an accident. INSAFES 
addresses the proper use and interpretation of all the information 
available from sensors or functions that are being developed in 
PReVENT, and the subsequent situation and risk assessment. 
INSAFES aims at achieving a high level of integration of the 
following VSP/functions:  

 APALACI: VRU and collision mitigation (VRU. 
recognition/warning; pre-crash; collision mitigation) 

 LATERAL SAFE: Lateral support of the vehicle (lane 
change assist; lateral collision warning). 

 SASPENCE: Safe Speed and Safe Distance (safe speed in 
curves; safe distance). 

 SAFELANE: Lateral support of the vehicle (lane keeping 
support). 

 WILLWARN: Early danger warning through communication. 

Also the horizontal subprojects MAPS&ADAS and PROFUSION2 
have contributed significantly to the integration that ultimately 
results in the “Electronic Safety Zone” due to the vertical 
subprojects/functions’ complementarities and the fact that they 
cover different function fields. Thus, INSAFES integrated a large 
palette of sensors (all-around monitoring sensor system) and 
functions (longitudinal and lateral control with extended electronic 
horizon) that enable the design of next generation of automotive 
preventive safety applications. 

The Scientific and Technological Objectives of INSAFES included: 

(i) The development of new advanced functions not covered in the 
framework of PREVENT (e.g. lateral collision warning/mitigation for 
trucks). 
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(ii) The integration of existing functions in a new innovative 
warning/intervention application (e.g. integrated lateral control 
merging lane keeping, lane change and lateral collision functions). 

(iii) The enhancement of existing VSP functions using a higher 
level of perception (e.g. using lateral and rear area obstacles for 
the lane keeping support task, integrating strategies of longitudinal 
collision warning and semi or autonomous collision mitigation 
intervention).  

(iv) The enhancement of sensor system’s robustness through the 
use of synergistic and redundant source of information aiming at 
an effective 360 deg coverage and the extension to far distances 
by using the hazard messaging (wireless local danger warning). 

INSAFES demonstrator vehicles constituted experimental 
platforms where different principles for combining multiple ADAS 
were studied. INSAFES goal is to study integration aspects in all 
three system layers, perception, decision and action and to 
implement different integration approaches in the INSAFES 
demonstrator vehicles.  

INSAFES especially considered: 

 How to reuse components (software as well as hardware) 
from contributing SPs. 

 How to prioritise between different warnings and system 
actions. 

 How to build a flexible system, where new functionality can 
be added. 

 How to interface with the driver in a consistent and efficient 
way. 

 How to improve the functionality for the user, by combining 
functions. 

The actual market introduction and penetration of integrated safety 
systems depends not only on functionality, but also on other 
aspects. Some of the obstacles are outlined below:   

(i) Cost: Especially the all-around detection concept has a high 
initial cost considering that the entire area around the vehicle 
needs to be covered by sensors.  

(ii) Development process: Safety and comfort systems are 
traditionally developed at different departments, with different 
processes and requirements. 

(iii) Dependability: Building a system with strong dependability can 
introduce new problems, like reduced functionality, if part of the 
system is not operational. 

(iv) Complexity: To obtain an increased functionality the different 
functions need to be linked. A balance, resulting in an increased 
functionality, without too high complexity, must be found.  

(v) Component selection: The optimal sensor configuration for the 
integrated function is not necessarily equal to the sensors of the 
stand-alone functions. 
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(vi) Competition: All parts of the integrated systems involve 
competitive issues. A suitable level of standardisation needs to be 
found.  

Within the INSAFES project, the goal was not to overcome all 
these issues, but to show the benefits and feasibility of an 
integrated system. 

 Achievements and innovations 
Actually, the whole INSAFES subproject can be called the 
PReVENT achievement and innovation, since it is integrating 
different longitudinal and lateral safety systems into a safety zone 
surrounding the vehicle. INSAFES has shown the integration in all 
three architectural layers, perception, decision and action.  

(i) The three layers together constitute the basis for the PReVENT 
safety application architecture. 

The perception layer uses sensors, which sense the own vehicle’s 
motion and status as well as the surrounding traffic environment. 
The sensor range from wheel speed sensors, to radars, cameras 
and laser scanners and even include communication systems such 
as vehicle-to-vehicle and vehicle-to-infrastructure communication. 
The perception layer receives data from the sensors, performs the 
low-level and high-level data fusion and forms a picture of the 
current situation including the state of the vehicle, the driver and 
the environment.  

The application layer performs the assessment of the situation and 
evaluates if the safety system should intervene, for instance by 
giving a collision warning or activate a lane keeping function. The 
decision is passed to the action layer.  

The action layer is responsible for executing the decisions. This 
includes presenting warnings through an appropriate HMI or 
activating and controlling vehicle dynamics actuators such as 
steering and brakes. 

Figure 4.24 shows a schematic view of the INSAFES architecture, 
with its main components: 

 Use of a common perception (based on PROFUSION) 

 Possibility of forming a joint decision by function integration 
in the decision layer 

 Common action layer where decisions are coordinated and 
prioritised. 
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Figure 4.24 : INSAFES and PReVENT integration architecture. 

While the integration in the perception layer results to a large 
extent is from the PROFUSION subproject, INSAFES has 
concentrated on integration in the decision- and in the action-
layers. Two main concepts have been introduced, or further 
elaborated from other PReVENT SP findings. These concepts are 
the (ii) reference manoeuvre concept (originally developed in 
SASPENCE) and (iii) the warning manager concept.  

(ii) The reference manoeuvre concept has been extended to 
evaluate the risk level of two reference manoeuvres. For each 
reference manoeuvre the manoeuvre risk level is determined 
together with the causes of risk on the basis of a high level 
description of the surrounding environment. The manoeuvre’s risk 
level is evaluated by solving an optimal control problem which 
minimizes a goal function that mathematically implements three 
top level hierarchical rules (the objective measure of the risk): 
absolute safety, user acceptance and mobility in order of 
importance. The complete vehicle motion and its trajectory are part 
of the optimal solution and associated to the risk level (i.e. the 
minimum of the goal function) they form the optimal plan. The 
optimal plan is a reference that may be compared to other 
alternative manoeuvres or what the driver is doing in the same 
environment. For this reason the optimal plan is also called 
“Reference Manoeuvre”. Following the reference manoeuvre 
implicitly means that the driver will move to a safer state with the 
minimum risk. 

The most important objectives of the reference manoeuvre 
concept were to:  

 Detect excessive speed related to road geometry, 
landmarks and obstacles and/or possible collision 
situations.   

 Rate the severity of the different risks.  

 Recommend corrective actions (how much and how/when 
to reduce speed and/or adapt headway). 

 Identify an alternative manoeuvre which can be performed 
with lower risk. 
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The extended reference manoeuvre concept allows computing as 
many alternative manoeuvres as needed, provided the 
computational power is available.  

Alternative manoeuvres may be compared on the risk index basis.  

Typical possible manoeuvres fall in the following scenarios: 

 Lane change and cut-in. 

 Following the vehicle in path and free flow. 

 Overtaking. 

 Following the vehicle in next lane. 

Figure 4.25 shows an example of a scenario with alternative 
manoeuvre. The ego-vehicle may adapt its speeds to the obstacle 
ahead and continue on its own lane, or it may change lane and 
accelerate. The two manoeuvres produce two different speed 
profiles, and they are associated with two different risk indices. 
Since the ego-vehicle has to reduce the speed for the first 
manoeuvre, this will require a major tyre force usage and 
consequently a deceleration the rate of which depends on the 
severity of the manoeuvre. Consequently, the risk index increases. 
The minimum value of the planned speed profile is the safe speed, 
which corresponds to a safe state that can be reached by 
executing the suggested planned deceleration. Alternatively, the 
lane change manoeuvre just requires moving into the adjacent free 
lane, and then only a minimum amount of tyre force is used. Thus, 
the risk index is much lower.  

 

Figure 4.25: Scenario with alternative manoeuvre. Manoeuvre 1 has 
a higher risk index due to required speed reduction. Manoeuvre 2 
has a much lower risk index related only to the cost to change lane. 

Computing two manoeuvre is equal to have two safe states but 
with different level of risk. That means that it is desirable to choose 
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the manoeuvre with the lower risk index. It means that its state is 
safer and can be reached with higher safety margins and 
consequently with less driver’s effort.  

Possible uses of the results from the reference manoeuvre 
calculation are:  

 Giving the driver recommendations of the safest 
manoeuvre and/or corrective actions. 

 Identifying the highest threat in a multi-threat situation. 

 Identifying high risk situations. 

 Adjusting warnings according to the most probable 
manoeuvre. (Compare actual manoeuvre, with the different 
reference manoeuvres). 

The reference manoeuvre concept provides a comprehensive 
approach to analysing the risk of different manoeuvres. It enables 
new risk criteria to be added and included in the total risk index 
and makes it possible to compare and rate different risks in a given 
traffic situation.  

(iii) The warning manager concept provides a flexible way of 
coordinating warnings from multiple active safety systems. The 
objective is to allow multiple ADAS functions and systems to 
interact with multiple warning devices, with the aim to minimize the 
reaction time and workload for the driver in a complex multi 
warning and information situation. 

The warning manager concept is a generic approach where all 
management and prioritisation are based on information provided 
from the outside. In addition to the vectors provided by the ADAS 
applications, the warning manager is activated by a Initialization 
Vector and two matrices that specify order of prioritisation and 
which HMI needs to be enabled for which warning. This makes the 
warning manager very flexible. It is easy to add new functions or 
new HMI channels by simply updating the initialisation matrixes. 

Different ways of integrating the results form the contributing 
subprojects were studied in the three INSAFES demonstrators. 

 Early integration, use of complete perception combined 
with the reference manoeuvre concept, was used in the 
CRF demonstrator. 

 Late integration (action level), use of the warning manager 
concept to prioritise different stand-alone functions and 
create virtual functions, was demonstrated in the VCC 
demonstrator. Due to its ease of use, the warning manager 
was actually implemented in all three demonstrators, but its 
main impact can be seen in the VCC demonstrator where it 
is the only integration approach used. 

 Mid integration (decision level), information sharing 
between functions in the decision layer, was demonstrated 
in the VTEC demonstrator. 

The different integration approaches all have their pros and cons: 

The most comprehensive approach is the early integration 
approach, where all functions form the same view of the 
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environment and the greatest hazard is determined through the 
reference manoeuvre concept. This approach provides high 
functional benefit together with flexibility. It is, however, a method 
that requires high computational load and does not allow much 
reuse of today’s existing functions. 

The mid integration (decision level) where the functions share 
information in the decision layer, enables a larger reuse of existing 
function parts and also this approach results in increased 
functionality, but it is not very flexible.  

The late integration (action layer) approach, coordinating warnings 
by use of the warning manager, has the benefit of ease of use, low 
computational requirements and flexibility. It does not, however, 
provide any major functional benefits.  

 Integration 
Actually, the purpose of INSAFE was integration and due to its 
nature of combining results from different PReVENT subprojects, 
INSAFES is one of the PReVENT subprojects with the highest 
level of integration. The illustration below shows the main links. 

  

 

Figure 4.26: INSAFES integration activities. 

All links are considered bilateral, however in most cases the links 
are stronger in the direction towards INSAFES. For instance 
APALACI, LATERAL SAFE, SAFELANE, WILLWARN and 
SASPENCE have all contributed to INSAFES with requirements, 
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specifications and algorithms. In return these subprojects only 
receives feedback on how there particular function and system 
solution fits into the integration concept and what kind of benefits 
an integrated solution could bring. 

The Table below describes briefly the contents of the links. 

 

Table 4.13: INSAFES integration in more detail. 

Link Explanation 

APALACI APALACI has contributed with requirements, specifications 
and algorithms for the Collision Mitigation, Pre-Fire and Start-
Inhibit applications. The demonstrator D60.1 is shared with 
the APALACI project. 

Lateral Safe 

 

LateralSafe has contributed with requirements and 
specification for the lateral-rear-monitoring application (a sub-
function of the all-around monitoring concept in INSAFES) 
and the lane change aid function (a sub function of the 
integrated lateral control). 
The HMI concept of Lateral Safe is part of the basis for the 
INSAFES HMI. 

SafeLane 

 

SafeLane has contributed with requirements, specifications 
and algorithms for the lane keeping function (which is 
included in the integrated lateral control function of 
INSAFES). The demonstrator D60.1 is shared with 
SAFELANE and the same sensors and actuator are used. 
Also the HMI concept of SAFELANE forms an important 
basis for the INSAFES HMI. 

WILLWARN 

 

WILLWARN has contributed with requirements, specifications 
and warning message management strategy for the 
foresighted driving and early hazard warning function (part of 
the integrated longitudinal control of INSAFES) and also for 
the communication component. 

SASPENCE  SASPENCE has contributed with requirements, specifications 
and HMI principles for safe distance and safe driving 
functions, which constitute part of the INSAFES integrated 
longitudinal support. The reference manoeuvre concept was 
originally developed within SASPENCE. 

RESPONSE3 The RESPONSE checklist has been used both during the 
specification phase and during the evaluation. 

PReVAL 

 

The INSAFES validation plan follows the PReVAL method. 
INSAFES has provided feedback to PReVAL on the 
applicability of the method.  

MAPS&ADAS The ADAS maps and horizon providers of MAP&ADAS are 
used in INSAFES. The same test sites have been used. The 
curve speed application and the reference manoeuvre 
concept are INSAFES applications’ which benefit from (or 
even need) this type of road data. 

PROFUSION PROFUSION contributes with specifications and software 
blocks for the environment perception. INSAFES is one of 
PROFUSION’s use cases. 

Other links: AIDE, 
EASIS 

INSAFES have strong links to AIDE, especially through the 
shared demonstrator truck. The INSAFES warning manager 
has been designed to comply with the AIDE interaction and 



 

PR-04000-IPD-080222-v16_PReVENT_Final_Report_080507.doc 140 

communication assistant (ICA). INSAFES uses the 
terminology of EASIS for system design. 

 

So, INSAFES carried out PREVENT’s core integration activity. The 
subproject has built three integrated demonstrators, all making use 
of results, subsystems and knowledge from the subprojects. 

 Outlook 
INSAFES has derived a roadmap that describes how and when 
integrated safety systems could enter the market. Integrated safety 
systems, including both longitudinal and lateral control aspects, 
are estimated to enter the market in 2013 (Figure 4.27 below).  

System integration, as performed in INSAFES, will be positive for 
all players like OEM’s, users/customers and the society as the 
integrations means that system costs can be reduced by using the 
same sensors and actuators for several functions. Moreover, it 
also enables new functions without adding additional components, 
see figure below. It also enables a better coordination in-between 
the different functions and you can thereby increase system 
performance, HMI effectiveness, user acceptance and reliability.  

By this strategy, more and better safety functions per spent sum of 
money can be achieved.  

 

Figure 4.27: Integrated Safety Systems Roadmap. 

If the total system cost decreases, the end users and vehicle 
owners (cars owners, fleet operators, taxi companies, bus/coach 
owners etc.) willingness to pay and invest in safety systems could 
increase as they get more value for the money. Today, the 
penetration rate of ADAS systems is comparatively low due to 
several reasons. One of the major reasons is that the system cost 
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is relatively high - if the system cost and the value for the money 
can increase as shown in INSAFES, higher equipment rates can 
be achieved. Another reason for today’s low penetration rate is the 
lack of public awareness around these type of new safety systems. 

When the number of safety functions is increased, the safety 
effects should increase, which in the end will save lives, injuries 
and money for the society. An analysis of how the penetration rate 
of different safety functions affects the accident statistics has been 
performed within the PReVAL SP.  

The market strategies for integrated systems will be a challenging 
task. The “step-in” cost still will be rather high as you need a basic 
set of components, but in order to add functionality, but the 
resulting cots will be lower, since there is no need to add as many 
components for each function – it could even be a question of 
enabling a SW switch. Most probably, the integrated safety system 
will be marketed as a bundle or package of functions for a unit 
price. Another fact is that more and more components needed for 
ADAS systems are getting standard in vehicles, due to reasons 
other than safety. This will also contribute to lowering the extra 
cost for this type of system. One example is wireless 
communication which is likely to enter the cars for service reasons, 
e.g. to simplify diagnostics, workshop visits and enabling internet 
connections. The same basic components can also be used for 
safety functions and hence the extra cost for these functions will 
not be as high as might be expected when looking at the 
components integrated into the test vehicles of INSAFES. 

Overall, the integration activities for intelligent vehicle safety 
systems can be seen to bring about the following benefits: 

1. Synergies: 

 The same sensor information is used for several 
functions.  

 The same components can be used for several 
functions. 

 A combination of functions creates new 
possibilities. 

 

2. One coordinated system: 

 Information & actions are coordinated and 
prioritised. 

 All system parts base their action on the same 
interpretation of the environment and the situation. 

 

3. Future enhancements: 

 Easy to scale up with new functionalities. 

 

The next Table summarises the achievements of the INSAFES 
integrating sub-project. 
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Table 4.44: INSAFES main achievements. 

Objectives: Improve the functionality and reliability of applications developed within 
PReVENT and advance from stand-alone safety applications, targeting one specific 
function each, to an integrated system, covering numeorus applications. (i) Development of 
new advanced functions not covered in the framework of PREVENT (e.g. lateral collision 
warning/mitigation for trucks)  (ii) Integration of existing functions in a new innovative 
warning/intervention application (iii) Enhancement of existing VSP functions using a higher 
level of perception (iv) Enhancement of sensor system’s robustness aiming at an effective 
360 degree coverage and the extension to far distances by using the hazard messaging. 

Achievement/application Overall: INSAFES as a whole is a 
PReVENT achievement and 
innovation, since it  integrated 
different longitudinal and lateral 
safety systems into a safety zone 
surrounding the vehicle.  

Successfully completed. 

Achievement/application Application of the PReVENT 
three-layer safety application 
architecture. 

Successfully completed. 

Achievement/application The reference manoeuvre 
concept was extended to 
evaluate the risk level of two 
reference manoeuvres (Fig. 4.25) 

Successfully completed. 

Achievement/application Introduction of the warning 
manager concept. It provides a 
flexible way of coordinating 
warnings from multiple active 
safety systems. Allows multiple 
ADAS functions and systems to 
interact with multiple warning 
devices, with the aim to minimize 
the reaction time and workload for 
the driver in a complex multi 
warning and information situation 

Successfully completed. 

HMI Cooperation with AIDE to manage 
different susb-system information 
and warnings 

Successfully completed. 

Integration INSAFES was the actual 
integration sub-project. See also 
Table 4.13. 

 

 

 

4.6 Achievements and innovations in evaluation - PReVAL 

 Motivation 
Intelligent Vehicle Safety Systems (IVSS) as they are developed in 
PReVENT, have a high potential to improve both comfort and 
safety of vehicles and their occupants. Over the past decade, 
substantial research efforts have been made to realise advanced 
sensing and control technology that form the basis for IVSS. The 
actual deployment of such systems is however still limited, which is 
partly due to lack of public awareness on the actual benefits of the 
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systems as suggested earlier in this report. It is therefore important 
to quantify the safety benefits of these systems.  

An essential step for the widespread introduction of IVSS into 
vehicles is the development and implementation of procedures for 
the evaluation of impacts these systems will have. Since the driver 
is in the loop, not only the technical performance should be 
assessed, but also human factors should be addressed. The 
PReVAL project aims at the development of an assessment 
framework for preventive safety systems, starting from identified 
best practices in PReVENT and related projects, which allows 
estimating the safety benefit of systems and produces comparable 
and reproducible results for similar systems.  

 Objectives 
The PReVAL subproject addressed the possible safety impacts of 
applications developed and demonstrated in the PReVENT 
integrated project. The main objectives of PReVAL were to:  

 Identify best practices for the assessment of IP PReVENT 
safety applications. 

 Define a framework for estimating their safety impact taking 
into account technical performance and human factors. 

 Apply the framework to estimate the potential safety 
impacts of selected PReVENT applications. 

 Make recommendations for the future assessment and 
development of preventive safety applications. 

The assessment served two purposes:  

(i) To assure the functionality of the system, and  

(ii) To assess and quantify the system’s impact on the traffic 
system.  

The systems developed in PReVENT are mainly research 
prototypes, and the main objective of the performed evaluation 
was to assure that the system worked as expected. 

 Achievements 
The PReVENT subprojects followed the CONVERGE approach for 
the technical evaluation of the developed prototypes. All 
subprojects achieved good results for the reliability indicators 
(correct, false and missed alarm rates). The PReVENT project has 
hence demonstrated the feasibility of the demonstrated concepts 
and brought the technologies a step forward towards the market 
introduction.  

The human factor evaluation of six subprojects has been carried 
out. The amount and nature of the tests performed by the 
subprojects is heterogeneous. All the analysed subprojects report 
positive results on (i) driving performance and (ii) driver behaviour, 
as well as for (iii) acceptance and usability, with a variation in the 
significance and distribution of the results. Most projects 
emphasize the needs for further experiments to achieve 
statistically significant results and to optimise the HMI solution.  
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PReVAL has assessed the safety potential of 
APALACI/COMPOSE, INTERSAFE (left turn assistant), 
MAPS&ADAS, SAFELANE and SASPENCE. The safety 
assessment used the behavioural affect approach developed by 
the eIMPACT project (except APALACI/COMPOSE that was 
assessed by another methodology). The eImpact project is 
assessing the remaining PReVENT functions, as well as some 
other safety functions. The results of the eIMPACT assessment 
will be published in eIMPACT Deliverable D4. 

All investigated safety functions were estimated to have positive 
effects on fatalities and injuries, but in varying degrees. In part, the 
magnitude of the safety impacts is affected by the circumstances 
in which the safety function is relevant, and the frequency with 
which corresponding accidents occur. The safety assessment 
conducted in PReVAL produced low, most probable and high 
estimates of injuries and fatalities for 100% fleet penetration. The 
most probable estimates are reproduced in Table 4.15. Moreover, 
it has produced most probable estimates of injuries and fatalities 
for estimated low and high penetration rates in 2010 and 2020. 

Table 4.15: Most probable effects (%) of safety functions on injuries 
and fatalities, at 100% fleet penetration 

Safety function Effect on fatalities, % Effect on injuries, % 

APALACI/COMPOSE -20 -14 

INTERSAFE  -1  - 2 

MAPS&ADAS -13  - 8 

SAFELANE -14 - 10 

SASPENCE  - 7 - 4 

 

The results given in Table 4.15 show that the most substantial 
safety impact were found for APALACI/COMPOSE, followed by 
SAFELANE, MAPS&ADAS, SASPENCE and INTERSAFE (left 
turn assistance). However, this type of comparison should be 
interpreted with caution since the effects of APALACI/COMPOSE 
were obtained by the different approach. Nevertheless, the overall 
conclusion is that the most probable safety effects are substantial 
in comparison with many traditional road safety measures. This 
suggests that one of the main challenges dealing with the safety 
benefits of these functions concerns the implementation. 
Specifically, the results showed that the expected penetration rates 
in 2010 and 2020 were relatively low for most functions and 
thereby the expected safety impacts in 2010 and 2020 were much 
lower than presented in Table 4.15.  

Starting from the experiences of the PReVENT subprojects and 
from the work of the other related projects, such as AIDE and 
APROSYS, an integrated framework for the assessment of 
preventive safety functions was developed. A key concept in the 
framework is situational control, i.e. the degree of control that a 
Joint Driver-Vehicle System (JDVS) exerts over a specific traffic 
situation. The framework consists of procedures for technical, 
human factors and safety potential assessment. The procedures 
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for technical and human factors evaluation go through the same 
steps: (1) expected impacts; (2) test scenario definitions; (3) 
evaluation method selection; (4) measurement plan; (5) execution 
and reporting.  

The safety potential assessment method has been developed by 
the eIMPACT project, and it uses the following ingredients: (1) an 
accident database; (2) identification of relevant accidents for the 
safety function; (3) estimation of changes in various aspects of 
driver behaviour (both users and nonusers), caused by the safety 
function; (4) estimation of the impact of various parameters such 
as road type, weather condition and lighting condition; (5) 
estimation of the (future) penetration rate of the system; (6) 
assessment of the overall effectiveness of the safety function.  

The proposed procedures have been applied to the INSAFES 
validation plan. INSAFES evaluation experts provided feedback on 
the application of the methodology, and feedback was requested 
from other experts. The expert evaluation method for human 
factors has been tested for the MAPS&ADAS functions. The 
feedbacks received have been taken into account in the final 
version of the framework.   

 Integration 
Owing to the nature of the task, the PReVAL project cooperated 
intensively with the other PReVENT subprojects. The evaluation 
results of the other subprojects (APALACI/COMPOSE, 
INTERSAFE, LATERAL SAFE, SAFELANE, SASPENCE, 
MAPS&ADAS, WILLWARN) have been analysed. Safety 
assessments have been performed for APALACI/COMPOSE, 
INTERSAFE, MAPS&ADAS, SAFELANE and SASPENCE. 

PReVAL forwarded a draft version of the framework to INSAFES, 
which applied the framework to their validation plan. The INSAFES 
team has provided PReVAL feedback on the applicability of the 
method. PReVAL has assisted in the validation of INSAFES, in 
order to get additional feedback on the methodology. 

A human factors expert analysis method, proposed by PReVAL, 
has been applied to MAPS&ADAS functions, in order to get 
feedback on the feasibility of the method.  

PReVAL has also extensively collaborated with other projects and 
organisations: 

 eIMPACT: PReVAL uses the safety assessment 
methodology developed and used by eIMPACT. PReVAL 
addresses the PReVENT functions, not analysed by 
eIMPACT. Collaboration at workshops and at the 
PReVENT IP Exhibition. 

 TRACE: provision of accident data of TRACE to eIMPACT 
and PReVAL. Collaboration at workshops and at the 
PReVENT IP Exhibition. 

 AIDE, INVENT, HUMANIST, ADVISORS: human factors 
evaluation method. Experts involved in AIDE methodology 
have been very active in PReVAL.  
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 APROSYS: technical evaluation procedure. APROSYS 
representatives collaborated to the workshops. 

 EuroNCAP/BeyondNCAP: participation to PReVAL 
workshop. 

 Volpe Centre: feedback to the methodology. 

 

The next Table summarises the achievements of the PReVAL 
evaluation sub-project. 

 

Table 4.56: PReVAL main achievements. 

Objectives: Address the possible safety impacts of applications developed in PReVENT. 
Especially, (i) Identify best practices for the assessment of IP PReVENT safety 
applications (ii) Define a framework for estimating their safety impact taking into account 
technical performance and human factors (iii) Apply the framework to estimate the potential 
safety impacts of selected PReVENT applications (iv) Make recommendations for the 
future assessment and development of preventive safety applications. 

Achievement/application The human factor evaluation of six 
subprojects was carried out.  

Successfully completed. 

Achievement/application All the analysed subprojects 
reported positive results on (i) 
driving performance and (ii) driver 
behaviour, as well as for (iii) 
acceptance and usability, with a 
variation in the significance and 
distribution of the results.  

Successfully completed. 

Achievement/application All investigated safety functions 
were estimated to have positive 
effects on fatalities and injuries, 
but in varying degrees (see Table 
4.15) 

Successfully completed. 

Achievement/application An integrated framework for the 
assessment of preventive safety 
functions was developed. A key 
concept in the framework is 
situational control, i.e. the degree 
of control that a Joint Driver-
Vehicle System (JDVS) exerts 
over a specific traffic situation.  

Successfully completed. 

HMI -  

Integration Cooperation with the other 
PReVENT subprojects. The 
evaluation results of the other 
subprojects APALACI 
/COMPOSE, INTERSAFE, 
LATERAL SAFE, SAFELANE, 
SASPENCE, MAPS&ADAS, 
WILLWARN) were analysed. 
Safety assessments have been 
performed for APALACI 
/COMPOSE, INTERSAFE, 
MAPS&ADAS, SAFELANE and 
SASPENCE. 
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4.7 Economic development and S&T prospects 
It was the declared aim of PReVENT to focus on preventive and 
active safety functions that can lead directly to future products for 
all kind of vehicles. Thus, the research and development work 
carried out in PReVENT does considerably strengthen the 
competitive position of the project partners in the worldwide race 
for safer cars and traffic, where availability of systems such as 
collision mitigation or lane keeping not only in luxury vehicles has 
an increasing influence on the buying decision not only for cars but 
also for trucks. With its view on systems that are not limited to 
upmarket vehicles only and the unique system architecture 
developed together with the projects EASIS, AIDE and APROSYS, 
PReVENT is considerably broadening the application range of 
vehicular safety systems and enables vehicle industry and system 
suppliers to achieve new dimensions regarding economies of scale 
by making future safety systems cheaper and thus more easily 
accessible to an average European car and truck customer.  

But economies of scale are only one aspect of how PReVENT 
further increases the competitiveness of Europe in the field of 
vehicular safety technologies. The close collaboration of industry 
and research in the project did considerably push basic research 
activities especially in the field of sensing technologies, where 
existing driver assistance systems still have noticeable 
shortcomings for instance due to limited perception capabilities of 
available sensors. The PReVENT approach of bundling the 
competences of industry and research in horizontal subprojects 
dealing with aspects, where particular research needs had been 
identified by the partners, did a lot to accelerate technological 
advance in Europe not only in the field of sensing and sensor data 
fusion technologies, where a particular need existed, but also in 
the area of ADAS maps and in legal and regulatory issues.  

In the following the aspects described above in a general way will 
be detailed for all applications developed in the various PReVENT 
subprojects.  

4.7.1 SASPENCE 
 

In the SASPENCE subproject different technologies have been 
used and integrated inside one complex system helping the driver 
to keep a safe speed and a safe distance under all driving 
conditions.  

 Implementation 

Despite being an integrated system, that cooperates seamlessly 
with the driver by suggesting an appropriate speed and a suffiiently 
long distance to the vehicle ahead it can be expected, that 
SASPENCE will not be introduced into the marketplace as full 
system immediately. Instead, a stepwise introduction of 
SASPENCE components and technologies is foreseen, not only 
for SASPENCE related applications as shown in the table below.  
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Table 4.17: Step-by-step implementation of SASPENCE technology. 

Name Year Description 

Localisation 
Algorithms 2008 

Using DGPS and vehicle data (speed and yaw-rate) to compute 
more accurate absolute position by tracking vehicle motion. 

Can be included in navigation systems. 

Active Accelerator 
Pedal 2008 Active Accelerator Pedal that can be used for other functions, 

such as warning on speed limits. 

Vibrating Seatbelt 2009 HMI haptic device to communicate warnings using seatbelts. 
Can be used for different functions. 

Collision Warning 
System with Active 
Accelerator Pedal 

2011 

Gives warnings on dangerous obstacles via the active 
accelerator pedal. 

Includes the following elements: 

• front looking radar 

• active accelerator pedal 

• algorithms for obstacle-fusion, warning strategies 

Curve Warning 
System 2011 

Gives warnings on dangerous curves. 

Includes the following elements: 

• digital road maps 

• visual HMI inside speedometer 

• algorithms for localisation, simplified reference 
manoeuvre, warning strategies 

Safe Speed & 
Distance System 
(Full SASPENCE 
system) 

2014 

Gives warnings on dangerous obstacles and curves and 
suggests proper speed and distance. 

Includes the following elements: 

• front looking radar 

• lane recognition camera 

• digital road maps 

• active accelerator pedal 

• visual HMI inside speedometer 

• vibrating seatbelt (optional) 

• algorithms for localisation, road-fusion, obstacle-fusion, 
reference manoeuvre, warning strategies 

 

As can be seen in the table, introduction of first SASPENCE spin-
offs such as localisation algorithms, active gas pedal or vibrating 
seat belts can be expected in the very near future in vehicles of 
some PReVENT partners can be expected. They are the basis for 
further development towards a full blown SASPENCE system. The 
way to this system and the interdependencies between the various 
sub-systems and components is illustrated in the SASPENCE 
roadmap below, which explains the three steps towards 
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deployment of the fully developed SASPENCE system in vehicles 
for the European market. 

2008 2011 2014

Localisation
Algorithms

Active
Accelerator

Pedal

Vibrating
Seatbelt

Collision
Warning with
Active Pedal

Curve
Warning
System

SASPENCE
System

Long
Range
Radar

Enhanced
Road
Maps

Lane
Recognition

System

 

Figure 4.28: The SASPENCE Road Map 

This exploitation road map is in line with the overall PReVENT 
strategy, not to focus too much on development of new 
technologies but to use technologies and components already 
available at the prototype level and drive them towards market 
introduction, in order to have the technology ready for 
commercialisation in the next years.  

4.7.2 WILLWARN 
Using communication technology as a basis, WILLWARN - 
Wireless Local Danger Warning – is one of the few PReVENT 
subprojects that aimed further to the future than the others, 
because large scale implementation of vehicular communication is 
expected to take considerably more time than market introduction 
of autonomous systems due to regulatory and penetration issues. 
However, being cheap and easy to deploy if the necessary 
communication technology is available, WILLWARN fits perfectly 
into the scope of PReVENT by providing a simple system for 
warning drivers about potential hazards. 

WILLWARN warns drivers of other vehicles if an accident or a car 
breakdown is detected, because in this case the vehicle might be 
an obstacle for other cars. Reduced visibility and adverse road 
conditions caused by bad weather are detected by analysis of data 
from the driving dynamic assistance systems like ESP/DSC and 
the wheel speed information together with information from the 
lights and the wiper. Algorithms for that detection have been 
developed and a simple but powerful new algorithm was found for 
friction detection.  
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 Implementation   

It takes some more time for WILLWARN market introduction that is 
not expected to happen before 2015 due to the fact that dedicated 
short range communication (DSRC) technology for vehicular 
applications is not available yet. However, frequency allocation is 
under way, and standardisation is driven manifold in further 
projects, in consortia such as the Car-2-Car Communication 
Consortium (C2C-CC) and in the newly created ETSI Technical 
Committee ITS. But WILLWARN algorithms and protocols are 
independent of the actually used frequency band and 
communication standards. This guarantees that WILLWARN can 
be realized with other communication hardware in this emerging 
and fast developing technology field, a fact that could lead to 
WILLWARN based products even before DSRC technology is 
available in large scale.   

Independent from the availability of suitable communication 
technology the algorithms for friction detection based on data 
available on the vehicle CAN can be used for other systems such 
as Autonomous Cruise Control (ACC), where it can be useful to 
have better knowledge about the status of the road surface in 
order to better adapt speed and following distance to the 
environment conditions. ACC enhanced by WILLWARN based 
hazard detection can be expected far earlier than full blown 
WILLWARN systems. 

4.7.3 LATERAL SAFE 
Building on a common multi sensor platform comprising of video 
and radar sensors LATERAL SAFE has developed a cluster of 
safety applications, which contribute to the prevention of lateral 
and rear related accidents and assist the driver in adverse or low 
visibility conditions and blind spot areas. The system provides 
lateral and rear monitoring functions, assists the driver during lane 
change manoeuvres and warns, if a lateral collision is imminent. 

 Implementation 

As the deployment will be done in the competitive field of the 
automotive industry, there will be no consistent deployment 
strategy. It will very much depend on the philosophy of the 
individual car manufacturers and is paramount on the main market 
segment under focus. 

During the last two years some lateral support functions have 
already been introduced to the market such as the Volvo BLIS 
system for blind spot detection or their introduction has been 
announced. Compared to the applications developed in LATERAL 
SAFE, in most cases these systems have reduced operative 
ranges and are based on single sensors and technologies that do 
not allow the reconstruction of complete lateral and rear scenarios 
in extended ranges and in all traffic and environmental conditions. 

LATERAL SAFE platform and data fusion technologies can 
facilitate the development and the introduction of more reliable and 
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complete lateral support functionalities with more extended ranges 
and field of view. For instance the integration of rear-looking radars 
and blind spot cameras can complement and extend the current 
blind spot system available in the market, while the integration of 
short range radar lateral-looking can complement to the side of the 
vehicle the operative field of view of the lane change aid 
application, improving the system reliability. 

4.7.4 SAFELANE 
The SAFELANE project dealt with all aspects of lane keeping 
considering, that a number of lane departure warning systems with 
limited performance has already been introduced to the market 
such as the camera based lane departure warning systems 
available in Mercedes and MAN trucks. These systems have 
considerable shortcomings and do only work in an un-ambiguous 
environment. Therefore SAFELANE aimed at improving the 
functionalities of already existing systems with an adaptive 
decision component as core component that detects the lanes, 
determines the relevant situation, predicts vehicle paths, computes 
the most likely vehicle trajectory and synthesises data for 
controlling the system actuators, with sophisticated sensor data 
fusion developed jointly with ProFusion and active steering.  

 Implementation 

Due to the flexible and modular approach of the SAFELANE 
system it is possible to introduce improvements to existing 
systems in the near future. Figure 4.29 provides an overview of the 
estimated times for utilization in commercial products for several 
key technologies developed in the project.  

Within the next couple of years, these technologies will increase 
the performance of Lane Departure Warning systems and the 
systems will in time evolve to the more advanced Lane Keeping 
Support systems.  

As can be seen in figure 4.29, a number of SAFELANE results will 
be of use in products in a short term perspective, such as the 
improved camera developed by Delphi. More advanced logic and 
data fusion techniques will be used in product development for 
Lane Departure Warning applications. Products utilizing these 
SAFELANE results will be introduced within the next few years.  
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Figure 4.29: SAFELANE deployment road map 

Looking a bit further ahead, the availability of digital map 
databases designed for ADAS support will make it possible to 
commercialize some of the strong results obtained in SAFELANE. 
As mentioned earlier there is a great potential in combining 
camera based lane tracking systems with information from ADAS 
maps, thereby increasing the availability and robustness of the 
system. To explore all the safety benefits of a complete Lane 
Keeping Support system, active steering needs to be introduced in 
serial production vehicles. The time-to-market for this feature is 
difficult to predict, due to user acceptance and legal aspects, but is 
still considered to fit within the 10 year time frame. 

4.7.5 INTERSAFE 
INTERSAFE developed and tested an intersection driver warning 
system based on precise relative vehicle localisation, path 
prediction for other objects and communication with traffic lights. 
This was accompanied by studies in a dynamic driving simulator in 
order to assess future active safety applications for intersections 
and the resulting requirements for sensor systems. The main tasks 
were to show feasibility of autonomous as well as communication 
based intersection safety systems and to push technological 
development as a basis for following activities.  

 Implementation 

Being a research project that aims quite far into the future, 
INTERSAFE was not meant to develop systems that are close to 
market introduction. Therefore, it is rather difficult to make valid 
forecasts concerning system implementation because costs can 
hardly be predicted yet and decisions to commit commercially to 
the approach cannot be made before detailed market analyses are 
completed that distinguish between the positive rating of a system 
by potential customers and the actual willingness to purchase. 
Furthermore, as it is the case for WILLWARN, fully functional 
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systems based on vehicular communications need high equipment 
rates regarding infrastructure and vehicles.  

However, a market introduction in three steps can be expected 
provided that the questions stated above have been positively 
answered.  

1. Intersection ADAS with autonomous sensors for 
localisation and detection (last moment warning) 

2. Sensor-based applications linked to vehicle-to 
infrastructure communication such as communication with  
traffic lights (one-way information) 

3. Extended communication, e.g. V2V, V2I2V (early conflict 
mitigation) 

Figure 4.30 shows a generalised time horizon for future 
introduction of ADAS systems at intersections corresponding to the 
complexity of the systems. 
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Figure 4.30: Time horizon for advanced driver assistance functions 
at intersections. 

As can be seen, INTERSAFE followed two approaches, taking the 
availability of reliable sensor technologies into account. Basic 
intersection safety systems (B-ISS) were developed following the 
bottom-up approach. The systems’ capabilities were closely linked 
to currently available sensor technologies such as Laser scanner 
and video camera.  

Being developed for use under idealised conditions (e.g. high-
contrast lane markings, flat intersection plain…) to ensure 
sufficient reliability they represent a typical research stage and 
time for market introduction cannot be set today because the 
sensors’ technologies need further time for development and a 
Europe-wide unified communication protocol and an exclusive 
frequency band are needed as for WILLWARN. 
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In parallel advanced intersection safety systems (A-ISS) were 
developed using the dynamic driving simulator as a tool for design 
and evaluation of highly safety critical functions which cannot be 
safely tested in real vehicles yet because the interference such as 
autonomous braking or suppressing acceleration needs data to an 
extent and quality current sensors cannot deliver. Because of that 
and the partial removal of the driver as decider that asks for new 
legal consideration regarding homologation problems as well as 
liability questions also for the envisaged advanced intersection 
safety systems (A-ISS) potential dates for market introduction and 
implementation strategies cannot be given yet. 

4.7.6 APALACI 
Within the PReVENT subproject APALACI several applications 
and sensor technologies were investigated. The aim of APALACI 
is to increase occupant safety in vehicles by using advanced 
sensing systems. 

The APALACI functions can be divided into several groups 
differing in terms of actuator and time for decision prior the 
imminent collision, as below summarised. 

Collision mitigation aids the driver to perform an appropriate 
breaking manoeuvre in critical events, according to the detected 
impact scenario.  

The Pre-fire application uses an even shorter time phase before 
the impact (~100-300 ms). The system activates reversible 
restraints (e.g. belt pre-tensioner) to keep or pull passengers into 
safest position before the crash.  

Finally, the achieved information about the crash by the Pre-crash 
system is used to optimise parameter settings of irreversible 
restraints (e.g. airbag) to compute the optimum time of deployment 
for the specific situation (Pre-set application).  

A special function for trucks “Start-Inhibit” uses a comparable 
sensor configuration. An accident is avoided by warning or 
suppressing to accelerate from standing position in case a 
Vulnerable Road User (VRU) or obstacle is in the “blind-spot” in 
front of the truck. The Start- Inhibit application is also extended to 
a general proximity warning function, operative also at low speeds.  

 Implementation 

The different functions were developed by using different sensor 
configurations. Each company has a distinctive planning about 
further use of the achieved results, focusing on the different 
systems developed and experimented in APALACI project. 
Nevertheless, all APALACI partners are planning to continue the 
developed approach.  

As shown in figure 4.31 for most applications the start of product 
development is expected starting from 2009-2010, with a foreseen 
market introduction starting from around 2010-2011.  
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Figure 4.31: Implementation roadmap 

In some cases, results from APALACI activities, in particular 
regarding algorithms for obstacle detection and tracking, can be 
exploited early also in the development of other Advanced Driver 
Assistance Systems (ADAS) related to collision warning and 
mitigation.  

The in-vehicle integration of a Pre-fire system, using an advanced 
perception platform is an interesting application for most APALACI 
partners. The application closes the gap between ahead-looking 
ADAS (like Adaptive Cruise Control system) and passive safety 
systems today on the market (deploying restraint systems after the 
crash). Pre-fire systems like APALACI, which pre-activate 
reversible restraints in case an unavoidable impact is detected, 
have a high potential to reduce injury severity. 

The final time to market for the introduction of Pre-fire systems will 
be influenced by the prize trend of the appropriate and suitable 
perception system. In that context, a key role is played by 
innovative sensor technologies like, for instance, laser scanner. A 
mass production of the laser scanner sensor is expected by the 
suppliers by 2010, with a significant reduction of unit cost.  

The main expected APALACI exploitable results and the expected 
dates for commercialisation are shown in the table below: 
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Table 4.18 Overall deployment roadmap of expected exploitable 
results by APALACI. 

Exploitable knowledge/results 

 

Expected date 

(start of product 
development or 
commercial use) 

Obstacle detection and 
tracking techniques 2008-2009 Perception 

systems 
Laser scanner for Pre-crash 2010 

Pre-crash: reversible (Pre-fire) 
and irreversible (Pre-set) 
systems by using existing on 
board actuators (airbag, belt 
pretensioner) 

2009-2010 

Collision Mitigation (pre-fill 
and/or semi-autonomous 
braking) 

2010 

Application/ 

Functionality 

Start Inhibit and possible 
extension to Low Speed 
Proximity Warning 

2010-2015 

 

The developed Pre-Fire application closes the gap between 
today’s ahead-looking ADAS like Daimler´s Distronic Plus® (acting 
several seconds before a possible collision) and passive safety 
systems (deploying restraint system when the crash has already 
took place). Systems which activate reversible restraints in case 
an impact is definitely unavoidable have a high potential to reduce 
injury severity and will be highly welcome on the market. However, 
the activation thresholds have to be adjusted very conservatively 
(false alarms close to zero at the expense of some missed 
situations) to reduce the risk of product liability concerns and to 
enhance the acceptance by the customers.  

The price has to be balanced between the customers needs, which 
are a figure of merit for their willingness to pay, and the cost for the 
system (sensor, control unit, actuator and integration into the car). 
A definite time to market can not be stated yet and will be 
influenced by the prize trend of the laser scanner. On the other 
hand, the laser scanner has proven to contribute to an 
environmental perception on a very high level which makes it 
possible to upload some additional potential functionality like 
pedestrian recognition, ACC, crossing assistant, Stop&Go and 
other ADAS and Pre-crash systems, which are cost related. 
Thanks to the work done during in the APALACI project, a large 
step has been done on the way to integrate this new technology. 
This is an enabler to keep pace with new active safety systems 
appearing on the market now and soon, especially pushed by 
Japanese OEMs. Especially Pre-Fire and Pre-Set are scientific 
and technological approaches which are not commercially 
available yet.    
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4.7.7 COMPOSE 
COMPOSE has successfully demonstrated the feasibility of 
collision mitigation for vehicles and vulnerable road users in a 
number of demonstration vehicles. COMPOSE systems can 
significantly reduce the kinetic energy at the time of an impact 
through autonomous braking and do thus mitigate the severity of 
injuries. To achieve this, COMPOSE is using multiple sensors, 
novel data fusion algorithms and enhanced situation assessment. 

 Implementation 

Being one of the more research oriented subprojects of PReVENT 
time of market introduction of COMPOSE systems depends on 
many factors and first systems might be expected on a mid-term 
basis between 2012 and 2016 despite the fact, that first collision 
mitigation system by autonomous braking are already on the 
market for instance in vehicles from Mercedes, Lexus or Honda. 
However, performance and functional range of these systems is 
limited by sensor capabilities and legal and liability constraints. It 
lacks behind the systems demonstrated in COMPOSE since in 
collision mitigation systems that are on the market today braking is 
triggered only if many conditions are met and design of the 
decision system is very restrictive and rather conservative in order 
to avoid false alarms.  

The most crucial technical influence factor for advanced collision 
mitigation systems as they are developed in COMPOSE is the 
availability of suitable sensors. In the COMPOSE subproject 
sensors were used, that are highly advanced but still too 
expensive for mass produced vehicles (e.g. Laser scanners). 
Sensor cost must be significantly reduced for a commercial 
COMPOSE product and further performance tests and system 
validation are required to ensure proper functioning under all 
conditions, which is crucial for collision mitigation systems. 
However, work is ongoing at the COMPOSE partners that 
concentrates on reaching a comparable functionality as 
demonstrated by COMPOSE with low cost sensor systems 
available today.  

On the non-technical side legal and liability questions can become 
showstoppers for COMPOSE systems. A number of questions is 
pending there such as the question of who will be liable if an 
accident occurs as a consequence of an automatically induced 
collision mitigation manoeuvre. Thus, certain functional limitations 
might become necessary, which can hopefully be limited to the 
absolute minimum through application of the Code of Practice 
developed in the PReVENT subproject RESPONSE3.  

Taking these factors into account COMPOSE based products for 
collision mitigation of rear-end crashes with other vehicles by 
automatic braking will be available first, systems for protection of 
vulnerable road users are expected to follow later. 
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4.7.8 UseRCams 
UseRCams aimed at the development of a novel sensor 
technology for advanced driver assistance systems. The sensor 
development was not designed for a direct implementation or an 
immediate series production process. However, within UseRCams 
the basic technology of a time-of-flight range imaging sensor for 
driver assistance systems has been developed and has been 
successfully evaluated in several car demonstrators such as 
APALACI and COMPOSE.  

 Implementation 

The core components of the camera are a photosensitive imaging 
chip in standard CMOS technology, high power pulse laser diodes 
and adapted optics, assembled into a compact housing. Because 
of the solid state technology without any moving parts it is 
expected that the costs of the camera in mass production can 
meet the requirements of the automotive industry after an 
optimisation cycle following the project. Presently, a precise cost 
forecast is difficult by the uncertainty of the laser costs since the 
production quantities of laser diodes are still very small. However, 
further progress in the time-of-flight CMOS sensor technology 
towards enhanced sensitivity and the combination of the 3D-
CMOS sensor with a high dynamic range image sensor, which is 
currently the target of the national German project MIDIAS will 
further expand the application areas. 

It is well known that car customers tend to be considerably more 
stingy when it comes to spending extra money for (regularly 
unnoticed) safety features as compared to entertainment 
electronics. Therefore, it will be essential to utilise the novel sensor 
device also in connection with support functions like perpendicular 
parking, Stop&Go functionalities, lane keeping support (in more 
complex road environments), narrow-point assistance, and so on. 

For the sake of high penetration rates, low production costs of the 
device are an essential factor. The interrelation between 
penetration and cost establishes the well known hen-egg problem. 
In order to contribute to a reduction of this interdependency, 
UseRCams attached importance to cover an entire variety of target 
functions and not just a single application whereas  it is expected 
that market introduction of active time-of-flight sensors will also 
start in other industrial application areas, e.g. 

• Industrial safety and security applications (see Figure 4.32) 

• Assistance systems for blind people (see figure 4.33). This 
approach is currently investigated in the European project 
CASBliP. 
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Figure 4.32: Security surveillance by 3D-CMOS sensor 

 

Figure 4.33: Cognitive Aid System for Blind People (EU project 
CASBliP) 

Use of the UseRCams sensor not only for automotive applications 
ensures the necessary economics of scale and will enable the 
system supplier to offer this innovative sensor at a price low 
enough to use it in vehicles, where it has to compete with cameras 
and radar systems, that will also undergo further development in 
the time, where the UseRCams sensor is readied for mass 
production. 

4.7.9 MAPS & ADAS 
As a horizontal activity within PReVENT, the overall objective of 
the MAPS&ADAS subproject was to develop, test and validate 
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advanced driver assistance systems (ADAS) applications, which 
take advantage of digital maps as a predictive sensor.  

 Implementation  

The use of digital maps as a predictive sensor enables completely 
new ADAS applications as well as a considerable functional 
upgrade of already existing ADAS functions. In the following the 
most promising functions as well as their potential for market 
implementation are discussed.  

 Adaptive Cruise Control (ACC) with map support 

Using digital map data as additional input for ACC systems 
will bring an enlargement of the operative scenario, the 
most important being the avoidance of sudden acceleration 
in case of target miss of the distance sensor, which can 
happen for instance in cornering situations or on road 
slopes. Digital maps will also help to determine relevant 
objects (leading vehicles) and increase image processing 
performance and reduce false alarm rate of sensors and 
will deliver additional information such as speed limits that 
can be used to automatically adjust the set speed to the 
legal limits.   

Some automotive OEM such as BMW do already offer 
ACC systems with map support but they rely on the data 
from maps designed for navigation purposes and do not 
built on ADAS maps. Therefore, they do not realise the full 
range of benefits that integration of map preview in ACC 
can bring. However, market introduction of enhanced ACC 
systems that make full use of map data can be expected 
within the next five years.    

 Stop & Go Assistant  
Being an evolution of ACC Stop & Go assistant brings an 
enlargement of the operative scenario including less 
cornering limitations and going down in minimum operating 
speed to complete stop. Nevertheless there is quite a lot of 
room for improvements through application of digital maps 
as predictive sensor. Maps can for instance support 
recognition of lane level manoeuvres of leading vehicle or 
of vehicles entering the lane (entry and exit ramps...) or can 
extend Stop & Go assistant systems to urban use by 
recognition of intersections.  

So far no Stop & Go assistant functions are on the market 
that use map data as additional input for vehicle control. 
But as it is the case for map enhanced ACC market 
introduction is not too far away with map support to avoid 
target loss in cornering situations being most likely the first 
application.  
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 Vision Enhancement 
To improve driver’s visibility in all possible reduced visibility 
conditions is the primary aim of vision enhancement 
systems such as “Night View”. They consist of three main 
subsystems: vision sensor and optics, image processing 
and image presentation to the driver. These can all three 
be considerably improved with data from digital maps for 
instance by inclusion of synthetic map images or other 
map-related information to image presentation subsystem 
or use of maps to improve object recognition and image 
processing performance and reduce false alarm rate of 
sensors. 

Vision enhancement systems without map support are 
already on the market for instance in vehicles from BMW 
and Mercedes. Those with map support can be expected 
soon.  

 Lane Keeping Assistant and Lane Departure Warning 
Assistance for maintaining the lane (or the road) is the 
primary aim of these systems. Basic systems are already 
on the market but lots of functional constraints apply to 
them. Digital maps can be used to improve lane recognition 
and image processing performance and reduce false alarm 
rates. They can provide track geometry as backup in case 
of a short term dropout of the vision sensor, can deliver 
curvature information for lateral control and can offer map-
based alternative path evaluation as additional sensor input 
for instance at bifurcation or exit ramps. 

The use of digital maps to enhance lane keeping and lane 
departure warning systems has been investigated in depth 
in the PREVENT subproject SAFELANE and exploitation 
and market implementation of these applications is 
discussed in detail in the chapter 4.7.3 of this document.  

 Lane Change Assistant (LCA) 
The Lane Change Assistant helps the driver to gather 
information about vehicles in adjacent lanes in. The Lane 
Change Assistant will warn the driver if a lane change is 
not possible because of a potential collision threat. 

Lane Change Assistant systems can be considerably 
upgraded through the use of digital maps providing lane 
level information in order to know about the physical and 
legal possible of lane changes. Furthermore based on their 
knowledge on the surrounding street layout digital maps 
can direct “conventional” sensors to potential threats such 
as a hidden side road from which vehicles might enter the 
main road.  

Requiring highly detailed maps, it can be expected, that 
map supported Lane Change Assistant Systems will be 
introduced to the market at about the same time as map 
enhanced lane keeping systems. 
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 Adaptive Light Control (ALC) 
Adaptive Light Control is based on the ability to adapt the 
headlamps dynamically, by means of turning reflectors, 
according to the current driving situation and environment. 
Headlamps can be controlled by using the vehicle 
trajectory prediction estimated either from vehicle dynamics 
and/or from route vectors with vehicle position given by the 
navigation system. In the latter case, the navigation system 
consistently keeps track of the precise location of the 
vehicle, and with its built-in digital road map has knowledge 
of the road characteristics ahead.  

Map enhanced adaptive light control systems are under 
development by a number of suppliers in Europe as well as 
in Japan, and it can be expected, that this function will be 
one of the very first applications functionally improved by 
digital map data, which will be seen on the marketplace. 

 Fuel Consumption Optimisation 
This system uses information from enhanced digital maps 
on curves, slopes and the positions of crossings or other 
potential halting points to employ a predictive strategy for 
drive train control aiming at low energy utilisation. 
Additionally, this may include the use and control of 
auxiliary devices which directly or indirectly are driven by 
the vehicle's engine. 

Market introduction of map based systems for fuel 
consumption reduction is highly depending on the 
availability of slope data on digital maps but map providers 
are known to work on this so it can be expected that 
commercialisation will not be too far away. 

 Power Train Management (Hybrid or Fuel cell) 
Map based power train management systems will improve 
the performance and comfort of the vehicle knowing the 
scenario in front of the vehicle and optimising the change of 
the gear. For hybrid engine vehicles the information about 
the type of the road (urban or motorway) will be useful for 
re-charging of the electric source. Also possible is energy 
management planning for alternative propulsion 
technologies. Here, a longer track preview of several 
kilometres is desirable, bringing more advantage if there is 
more certainty about the route that will be driven.  

It is difficult to predict, when this kind of systems will be 
introduced and again market implementation is highly 
dependent on the availability of slope data. However, 
second generation hybrid vehicles might make use of map 
data for power train management. 

 

In order to widely implement digital maps as an additional data 
source for driver assistance systems it is necessary to agree on 
common standards for ADAS Maps and the necessary interface to 
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the assistance functions described above. MAPS&ADAS has been 
driving this through its MAPS&ADAS Public Authorities 
Consultation Platform and active contribution to the eSafety Digital 
Maps Working Group with particular regard of the needed 
cooperation between public authorities and map providers for the 
provision and maintenance of safety attributes to be integrated into 
ADAS maps. Hence, enhanced digital maps as they are needed 
for the applications described above are likely to be available 
pretty soon. 

4.7.10 INSAFES 
The general goal of the PREVENT subproject INSAFES was to 
improve the functionality and reliability of applications developed 
within PREVENT and to advance from stand alone safety 
applications targeting one specific function to an integrated system 
covering a vast range of applications. This includes the full 
coverage of the area around the vehicle in order to warn the driver, 
intervene or mitigate the effects of an accident, allowing a 
considerable extension of the operative scenarios of driver 
assistance systems.  

INSAFES achieved this aim by successfully combining functions of 
the PReVENT subprojects APALACI, LATERAL SAFE, 
SAFELANE, WILLWARN and SASPENCE into two INSAFES 
demonstration vehicles, where these functions can be run in 
parallel. 

 Implementation 

Basic versions of the systems combined in the INSAFES 
demonstrators into one integrated system have already become 
state of the art or are just entering the market. Examples for such 
systems are ACC or lane departure warning. As discussed in the 
previous chapters functionally improved or upgraded versions of 
these, as they have been developed in the various PREVENT 
subprojects will follow in the foreseeable future. They are 
prerequisites for implementation of integrated INSAFES functions.  

The sequence of introduction has to fit to car manufacturers’ 
introduction strategy and product lifecycles. It can be foreseen that 
the various INSAFES sub-systems will come step by step and 
information systems come before active support. Thus the way 
towards implementation of fully developed INSAFES systems can 
be described as follows: 

Longitudinal and lateral support systems have already entered the 
market, beginning with ACC at the end of the last century. 
Systems have matured since then and the costs for sensors 
decreased. Thus quite a considerable number of car manufactures 
offers these systems or plans their introduction.  

Starting from simple highway ACC (above 30 km/h) systems have 
been expanded to stop & go traffic and they entered the area of 
safety functions like pre-fire of airbags or emergency brake 
assistance and collision mitigation. This can be understood as a 
first step to longitudinal safety integration. The systems started as 
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comfort systems and they entered the field of safety after proving 
their reliability.  

The same happens now in the field of lateral control. Systems for 
lane keeping support and blind spot monitoring are entering the 
market. They will be further developed to an integrated lateral 
support, because sensors have overlapping capabilities or they 
can be used for various support functions. But in a first step it is 
important to gather experience and trust in the technology. After 
that integration is a reasonable step. 

Integrated lateral and longitudinal support systems will follow 
based on the experience in the integration within both fields and 
can be expected in 2013 at the earliest. Because combined 
systems will have a higher complexity, they need more research. 
The strategy of market introduction is challenging, because 
integrated systems will be more expensive and they require 
underlying systems for longitudinal and lateral control or support. 
The question is whether these basic functions will be offered 
further as stand alone functions, for example ACC and lane 
keeping support or will only integrated systems be offered to the 
customer? 

Vehicle-2-X communication is the next big step towards integrated 
safety. Vehicle-2-X stands for inter-vehicle and vehicle to 
infrastructure communication. Since communication technology 
(WLAN) and positioning sensing (GPS) have become cheap and 
small enough for integration, research has become very intensive 
during the last 5 years. But more efforts in frequency allocation 
and standardization are necessary, to bring cooperative functions 
and applications to the market. Thus Cooperative Integrated 
Systems will mark a late stadium of function integration and cannot 
be expected before 2018 even if simple communication based 
safety systems will enter the market before that date. 
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5 Deliverables and other outputs 

5.1 Deliverables 
  

 IP level deliverables 

 The results of PReVENT on IP level are summarised in 18 
deliverables. They represent and document the major findings and 
achievements reached in the project. They can conveniently be 
grouped into the following categories: 

 Scientific/technical deliverables that directly relate to the 
vehicles developed in PReVENT. 

 Deliverables that relate to evaluation and assessment of 
the systems and applications and the Code of Practice for 
the development and deployment of preventive safety 
functions. 

 Deliverables dealing with dissemination activities and 
related international co-operation. 

 Management related deliverables. 

The deliverables are listed below Table 5.1. While most of the 
deliverables are public documents, a few are classified due to their 
sensitive nature and contents. 

Table 5.1: Overview on IP Level deliverables 

Identifier Name Work package Status Description 

Vehicle related and technical deliverables 

IP_D4 Requirements for 
Preventive safety 
functions 

Coordination 
WP 1000-WP 
6000 

PU This Deliverable introduces and describes the 
requirements for Preventive Safety Applications to be 
developed within the project. This is done by (i) 
deducing the functional requirements based on 
previous work, current knowledge of driver behaviour 
and accidents, current road traffic safety situation in 
European Union and a number of road traffic safety 
programs (ii) describing PReVENT functional 
requirements for various applications to be developed 
in the four functional areas of the project (iii) showing 
and explaining the integration aspects of the project. 

IP_D5 Specifications and 
Architecture of PReVENT 
applications 

Coordination 
WP 1000 - 
WP 6000 

PU The deliverable describes the PReVENT overall 
architecture structure and principles. It shows how the 
different applications complement each other in the 
creation of an electronic safety zone around the 
vehicle and detail the different subprojects 
specifications. Moreover, the work describes the first 
steps towards an integrated preventive environment. 
The PReVENT integration examples are provided 
within this framework.   

IP_D7 Test vehicles and 
equipment available for 
testing and validation  

Vertical 
subprojects  
WP 2000 -  
WP 60000 

RE This deliverable introduces the PReVENT 
experimental and demonstrator vehicles and 
simulators with associated equipment used for the 
project testing and validation. The focus is in the 
introduction of the demonstrator systems and the 
application scenarios. 
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Identifier Name Work package Status Description 

IP_D18 IP integration INSAFES  
(WP60000) & 
subprojects 

RE The deliverable gives a description of the work done in 
integrating the different PReVENT activities based on 
the work in INSAFES. 

IP_D6 Interface  between ADAS 
application and digital 
MAPS  

MAPS & 
ADAS 
WP 12000 

PU This deliverable is the same as the MAPS&ADAS 
deliverable D12.42. The document is the basis for the 
development and implementation of the ADAS 
interface  

IP_D9 Validation of safety data 
collection process for 
safety maps  

MAPS & 
ADAS 
WP 12000 

PU This deliverable is the same as the MAPS&ADAS 
deliverable D12.91. It contains the Validation Plan for 
the Driver Warning System. This system consists of 
two warning applications, the Hot Spot Warning and 
the Speed Limit Warning, and the ADAS map.  

IP_D2 Guidelines and 
recommendations for 
original research activities 
on sensors and sensor 
data fusion 

PROFUSION 
WP 1300 

PP The report is a compendium that summarises different 
approaches and methods for sensor fusion and points 
to the work done in  the subproject PROFUSION 2 

IP_D11 PReVENT sensor and 
sensor data fusion results 

PROFUSION  
WP 15000 

PU This deliverable is the final report of the IP PReVENT 
subproject ProFusion2. It summarizes the objectives, 
the work done and the achievements of this cross-
functional subproject. The deliverable is both a 
deliverable for the PROFUSION subproject (D15.12) 
and for the PReVENT IP. 

Evaluation related deliverables and Code of Practice 

IP_D10 Validation results 1st 
phase subprojects 

Evaluation & 
Assessment 
WP 6000 

RE This deliverable reviews the evaluation results from 
the different PReVENT subprojects. The deliverable is 
both a deliverable for the PReVAL subproject and for 
the PReVENT IP (IP D10 “Validation results of first 
phase PReVENT projects”). 

IP_D12 PReVENT Impact 
assessment  

PReVAL  
WP 16000 

PU This deliverable describes the main results obtained in 
the PReVAL project, and reports the work which is 
performed in the last phase of the project, i.e. the 
quantitative safety assessment, the feedback on the 
framework and the recommendations in more detail. 
The deliverable is both a deliverable for the PReVAL 
subproject and for the PReVENT IP (IP D12 
“PReVENT impact assessment”). 

IP_D14 Validation results 2nd 
phase projects 

Evaluation & 
assessment  
WP 6000 

RE This deliverable contains the evaluation results of the 
second phase PReVENT projects. The projects of the 
second phase, which performed evaluations are 
INSAFES and ProFusion2. 

IP_D8 Code of Practice for 
ADAS development and 
testing 

RESPONSE3 
WP 11000 

PU The Code of Practice (CoP) comprises a suitable 
ADAS (Advanced Driver Assistance System) 
description concept including ADAS specific 
requirements for system development. It summarises 
best practices and proposes a catalogue of methods 
for risk assessment and controllability evaluation. 

Dissemination and co-operation related deliverables 

IP_D1 International program 
information exchange 
workshop report 

IP Liaison  
WP 7000 

PU This deliverable on links to national and international 
activities is the second version of a compilation of the 
important forces surrounding the active safety 
international arena.  
An overview of preventive safety applications and the 
technologies used helps the reader to understand the 
extent of the research topic. We also describe the 
different stakeholders and their involvement in the 
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Identifier Name Work package Status Description 

project. We describe the political environment around 
the road safety policy. A description of the regulatory 
bodies is given with focus on the main road safety 
contributors. Finally, we describe the challenges and 
potential impacts represented by preventive safety 
applications for the member state in the European 
Union and beyond.   

IP_D3 Dissemination plan & 
knowledge management 
tool for information 
exchange  
 
 

Website and brochure 

Management 
& Dissem. 
WP 5000 

RE 
 
 
 
 
 

PU 

This document describes the approach undertaken in 
the IP PReVENT in order to disseminate the results of 
the project – both at the IP and Subproject levels - 
contributing to a broader public, scientific and 
technical awareness of PReVENT activities and 
preventive and active safety in general. 

The website, brochures and other printed material are 
an essential part of the dissemination tools used 
during the IP. Beside the description of the 
subprojects, the website included a large number of 
newsflashes, deliverables, presentations, technical 
papers, illustrations and videos. 

IP_D13 IP Presentation & Road-
show  

IP-Exhibition  
WP 14000 

PU This report on the IP exhibition is a summary of the 
event with some organisational aspects which could 
be taken as guidelines for similar events in the future. 

Management related deliverables 

IP_D15 Final report  Core Group  
WP 4000 

PU This is the final report on IP level (this document). 

IP_D16 Exploitation plan Coordination  
WP 1000 

CO This deliverable summarises the exploitation planning 
on IP level and the subprojects. 

IP_D17 Gender Action Plan Management 
WP 2000 

PU This deliverable is filled electronically into the EC 
template. 

 

  SP level deliverables 

 Apart from the overall results and deliverables on IP level each of 
the subprojects documented their individual results achieved in 
numerous SP level deliverables and reports. More than 160 
deliverables and reports have this been created by the subprojects 
over the life time of PReVENT. A comprehensive list of all SP 
deliverables together with a short description of their scope is 
given in Annex. 

5.2 Demonstrators 
More than 32 preventive and active safety applications using more 
than 20 vehicles and 5 simulation platforms have been created 
within PReVENT. Each of the subprojects developed and built up 
sophisticated demonstrator vehicles to show the specific safety 
functions. They were all demonstrated live at the IP exhibition in 
September 2007 in Versailles along with other test vehicles. 
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Table 5.2: PReVENT test vehicles, simulators and other 
demonstrations. 

No. Experimental platform  Demonstrated function  Subprojects Main 
responsible 
partner  

1 Car: Tactile accelerator pedal, communication radar, 
camera, digital maps, proper warning and intervention 
strategies 

Safe speed and 
following 

SASPENCE CRF 

2 Car: Tactile accelerator pedal, communication radar, 
camera, digital maps, proper warning and intervention 
strategies  

Safe speed and 
following 

SASPENCE TRW 

3 Car: Wireless communication system Simulated hazards 
communicated to and 
between test vehicles 

WILLWARN DAIMLER 

4 Car: Wireless communication system Simulated hazards 
communicated to and 
between test vehicles 

WILLWARN BMW F+T 
GMBH 

5 Car: Wireless communication system Simulated hazards 
communicated to and 
between test vehicles 

WILLWARN TNO 

6 Car: Wireless communication system Simulated hazards 
communicated to and 
between test vehicles 

WILLWARN HTW - Forgis 

7 Road side Unit: Wireless communication system Simulated hazards 
communicated to and 
between test vehicles 

WILLWARN LCPC 

8 Truck: Active steering actuator, vision sensor, digital 
maps 

Short range radar, NIR vision  

Short range radar, laser-scanner 

Integrated Safety 

Lane keeping support 

Safety related map data 

Start inhibit and 
pedestrian detection 

Automatic emergency 
braking 

Collision mitigation 

SAFELANE  

MAPS&ADAS 

APALACI 

COMPOSE 

INSAFES 

VOLVO Tech. 

9 Truck: Active steering actuator, vision sensor, digital 
maps 

Lane keeping support SAFELANE CRF 

10 Car: Lane Keeping System Active steering 
actuator, Vision sensor, 
digital maps 

SAFELANE FhG/IVI 

11 Car: Camera, long range radar, short range radar 

Short range radar, NIR-vision 

Lateral collision warning 

Collision Mitigation, 
Pedestrian detection, 
Pre-set and Pre-fire 

LATERAL 
SAFE 

APALACI 

CRF 

12 Car: Long rang1e radar, short range radar  Lane change 
assistance 

LATERAL 
SAFE 

BOSCH 

13 Truck simulator: Simulator with extended indirect field 
of view 

Lateral and rear area 
monitoring  

LATERAL 
SAFE 

VOLVO Tech. 

14 Car: Laser scanner, video system, HMI, fusion 
unit/simple map, warning strategy, data-logger, vehicle-
to-infrastructure communication 

Intersection Safety INTERSAFE VW 

15 Car: Vehicle-to-infrastructure communication, HMI,  
warning strategy 

Communication based 
intersection safety 

INTERSAFE BMW F+T 
GMBH 

16 Driving simulator: Updated for simulated intersection 
safety system use  

Intersection safety INTERSAFE BMW F+T 
GMBH, 
Renault 

                                                 

 
1 Most likely not completed demonstrator vehicle 
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No. Experimental platform  Demonstrated function  Subprojects Main 
responsible 
partner  

17 Car: Short range radar, scanning laser Pre-fire application APALACI DAIMLER 

18 Car: Short range radar, Ultrasonic sensors Pre-fire, Pre-set and 
pedestrian recognition 

APALACI Bosch 

19 Car: Short range radar, FIR-camera Collision mitigation COMPOSE BMW F+T 
GMBH 

20 Car: Short range radar, FIR-camera Pre-crash COMPOSE Siemens-VDO 

21 Sensor on Car: 3D range sensor, front viewing Test on VRU and other 
obstacle detection 

UseRCams BMW F+T 
GMBH 

22 Sensor on Car: 3D range sensor, laterally viewing Test on side crash 
prediction and 
protection 

UseRCams Renault 

23 Sensor on Truck: 3D range sensor, laterally viewing Test on blind spot 
surveillance 

UseRCams VOLVO Tech. 

24 City car: INSAFES applications This new vehicle will 
inherit part of its 
components, both in 
hardware and software, 
from vertical 
subprojects 

INSAFES CRF 

25 Car: VCC HMI demonstrator HMI manager 
(demonstrated for 
selected INSAFES 
applications) 

INSAFES VOLVO CARS 

26 Car: Driver warning system Hot spots and speed 
limit information 

MAPS&ADAS Univ. Hanover 

27 Car: ADAS interface Adaptive Cruise Control MAPS&ADAS BMW F+T 
GMBH 

 

5.3 Dissemination and other outputs   
One of the main challenges of large European automotive projects 
is to efficiently disseminate the results and the knowledge 
gathered by the project partners, and make the public aware of the 
upcoming applications.  

The aims of the PReVENT IP Dissemination activities were to:  

 Promote the research findings as well as the 
programme to the various key audiences. 

 Contribute to awareness and understanding about 
preventive and active safety of policy makers, 
industry, stakeholders and general public. 

 Communicate an integrated and consistent image 
of PReVENT at both IP- and Subproject levels by 

 Providing an IP identity that can be recognised and 
used by all PReVENT participants. 

 Coordinating the Subproject dissemination, 
providing support and creating synergies. 

 Encourage collaboration and participation from the 
consortium members throughout the entire life of 
the project and beyond. 
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Four key target groups for the dissemination of PReVENT results 
were identified: 

1. IP internal: consortium partners, Subproject consortia, other 
groups or internal networks, 

2. IP external: IP PReVENT Forum, with direct relationships 
through SP-level and IP-level forums and distribution lists 
regularly having an interaction with the project including 
(Relevant European Programs and networks: Integrated 
Safety, eSafety Forum, EUCAR, ERTICO, CLEPA, ECTRI), 

3. IP external limited: indirect relationships (Japan, USA, 
International Task Force Vehicle Highway Automation, 
TRB), 

4. General Public. 

PReVENT selected the most effective channels that maximized its 
dissemination opportunities, loosely grouped into the following 
categories: 

 Publications material such as brochures and 
posters. 

 Website. 

 Events.  

In 2004, the main objective was to develop the consistent 
dissemination strategy in PReVENT and launch the first tools  
(website, identity, flyer, newsflashes, brochure).  

In 2005, the main objective is to improve the IP PReVENT identity 
and disseminate strongly the first results of the subprojects. This 
will reinforce the position of IP PReVENT as a platform for the 
research on active safety. Another goal is to set up the 
requirements for the IP Exhibition (in collaboration with IP Liaison).  

In 2006 and 2007 the main goal was to promote the results of the 
subprojects as they were made available and build up an 
expectation for the final IP exhibition.  

Finally, the IP exhibition which took place in September 2007 in 
Versailles France showed all the results together in a single show 
in collaboration with the i2010 Intelligent Car Initiative, the eSafety 
Forum and the eSafetyAware! 

5.3.1 PReVENT website  
The PREVENT website has been the central point of public 
information of the entire IP. The website is found at the following 
address: 

http://www.prevent-ip.org/ 

The website has been designed in a user-friendly style, and 
provides the good design flexibility in terms of content and 
updating capacities to all partners. Since its launch, the website 
has been gradually updated with more IP PReVENT information 
such as news, public deliverables, press releases, publications, 
public events, presentations, technical papers and forum 
subscription. The site is well indexed by most of the search 

http://www.prevent-ip.org/�
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engines – which provides a great visibility in “road safety” Internet 
searches.  

The website contains the following basic information organised in 
different pages (sections): 

 Welcome page with latest news about the IP PReVENT 
activities. 

 General description of preventive safety as well as 
PReVENT at the IP level - project aims, perceived impact, 
project results. 

 Standard information about the IP organisation, including 
organisational structure, consortium members, activities as 
well as basic SP pages and external links to those SPs 
which have independent websites. 

 News section with current items highlighted and a news 
archive for previously published material (used in 
conjunction with newsletter), as well as a basic calendar, 
event announcements and road show news. 

 Links to public deliverables, presentations, and 
publications. 

 Links to consortium member sites. 

 Links to related projects (other FP6 IPs, EU-related sites 
general information). 

 Contact information. 

Whenever it was available, photos and live videos have been 
added to the web site. 

5.3.2 The IP exhibition: PReVENT in Action 
The exhibition took place 18-22 September 2007 in Versailles, 
France. The MOV’EO test track served as a venue. Based on the 
feedback received, the exhibition and related demonstrations were 
a real success. 

The goal of the IP exhibition was to demonstrate most of 
PReVENT experimental platforms: real life on-site demonstrations, 
simulations, videos, etc. Also invited selected projects (from other 
European Projects and National activities) complemented the 
PReVENT results and showed external integration. 

One main goal of the IP Exhibition was to increase the awareness 
of safety applications and to explain/demonstrate how the new 
innovative technologies can contribute to increase traffic safety. 
This exhibition was therefore directed towards high-level decision 
makers, experts, policy makers from organisations in and outside 
the consortium as well as general public. 

The IP Exhibition was organized for three major audiences: 

 High-level decision makers, experts, policy makers. 

 Experts in the field of automotive and Intelligent Transport 
Systems. 

 General public. 
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The Exhibition on the test tracks included three major activities: 

 The Test tracks with the demonstrations. 

 The Exhibition village with exhibits of the results and the 
foyer. 

 The Conference building with an extensive Technical 
programme. 

The main figures of the IP Exhibition are as follows:  

 Almost 1000 participants, 

 25 PReVENT intelligent cars and trucks  

 4 simulators and 6 PC simulation platforms 

 Total of 35 applications of the PReVENT results 
demonstrated 

 More than 2300 in-vehicle demonstrations of preventive 
and active safety applications on the test tracks over 3 
days 

 Contribution from 9 other Integrated Safety Projects: AIDE, 
GST, CVIS, SAFESPOT, APROSYS, SPARC, FRICTION, 
eImpact, TRACE with 8 external project vehicles 

 Display of all vehicles during the Public day in front of the 
Versailles castle (estimated 12000 persons passing every 
day) 

On the 18th of September 2007, around 630 persons  were present 
onsite among them: 

o 46 VIPs (CEO, VP, Ministers, Parliament, Dean).  

o 135 Executives.  

o 73 Press.  

o 129 eSafety forum partners (169 participants). 

o 247 PReVENT or other participating project partners.  

This does not include other staff such as hostesses and technical 
assistance.  

For the other days: On the 19-Sep, we had 632 participants 
including 267 PReVENT partners. 

At the gala dinner, we had 228 persons. 

On the 20th of September, 527 persons participated with 238 
PReVENT staff.  

The opening ceremony was part of the i2010 Intelligent Car 
Initiative event 2007. As PReVENT is one of the flagship project of 
the initiative it made sense to bring the two event together with 
PReVENT representing the RTD pillar of the initiative and the 
eSafety forum another of the pillars.  

Among the most important persons at the opening ceremony, 
Commissioner Reding and representatives of the Board of 
Directors of the PReVENT Core Group member companies were 
present. Ministries of transport of most EU member states were 
also represented.  
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Two representatives of the industrial partners of PReVENT were 
invited to give a talk at the opening ceremony following the speech 
of Mrs Reding. As Daimler was coordinator of the project, Prof 
Bharat Barasubramanian accepted to give the first PReVENT 
speech. The second speech was given by Dr. Remy Kaiser of 
Delphi, The criteria for this choice were as follows: Core Group 
partner, Supplier, and French.  

The eSafety Forum community represented more than half of the 
audience as the plenary meeting was hosted after the lunch 
starting at 14.00. This community includes most of the companies 
involved in the deployment of Intelligent Transport Systems and 
other similar technologies improving road safety, traffic efficiency 
and environmental impact.  

5.3.3 Other dissemination activities  
PReVENT contributed with at least one presentation to the 
following conferences: 

 eSafety Kick-off Event, 2004-03-25 

 EARPA conference, 2004-03-26 

 ITS in Europe 2004 –Budapest, Hungary, 2004-5-24/26  

 IEEE Vehicular Technology Conference – Milan, Italy IEEE 
IVS 2004, Parma, 2004-6-14/18 

 eSafety: the challenge of the future, Parma, Italy, 2004-6-
14/18 

 International Task Force Vehicle Highway Automation 
ITFVHA, 2004-10-18/24 

 11th World Congress on ITS – Nagoya, Japan, 2004-10-
18/24  

 EC Clustering meeting, 2004-11-08 

 39th Meeting of the ITG-Fachgruppe "Algorithms for Signal 
Processing", 25 February 2005, Germany 

 2nd International Workshop on Intelligent Transportation 
(WIT 2005), 15 & 16 March 2005, Hamburg, Germany 

 09th International Forum on AMAA 2005, 17 & 18 March 
2005, Berlin Germany 

 Geo-Evenement, 30 march & 1st April 2005, Paris, France 

 CRONET-DAYS, 28 & 29 April 2005, Nantes, France 

 IEEE International Conference on Robotics and Automation 
(ICRA 2005), 18 & 19 April 2005, Barcelona, Spain 

 3rd Walting workshop on Driver Assistance Systems, 6 - 8 
April 2005, Germany 

 RttF's pilot projects' Demonstration Day, 24 May 2005, The 
Netherlands 

 SAFE Highways of the Future, 30 & 31 May 2005, 
Stuttgart, Germany 
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 HTW beteiligt sich an der Entwicklung des "100% sicheren 
Autos" der Zukunft, 30 May 2005, Germany 

 61st IEEE Vehicular Technology Conference - VTC 2005 
Spring, 30 May - 1st June 2005, Sweden 

 ITS European Congress 2005, 1 - 3 June 2005, Hannover, 
Germany 

 IV'05 - The Intelligent Vehicles symposium,  6 - 8 June 
2005, Las Vegas, USA 

 5th International Conference on ITS Telecommunications, 
27 - 29 June 2005, France 

 Trends in Microsystems for Automotive, 14 - 15 June 2005, 
Duisburg, Germany 

 FUSION 2005, 25 - 29 July 2006, Philadelphia, USA 

 VANET 2005, 2 Sept. 2005, Cologne, Germany 

 ICIAP 2005, 6 - 8 Sep. 2005 Cagliari, Italy 

 ITSC'05 Vienna - 08th International IEEE Conference, 13 - 
16 Sept. 2005, Vienna, Austria 

 MASCOTS 2005, 27 - 29 Sept. 2005, Atlanta, USA 

 5th European MADYMO user meeting, 26 - 27 Sept. 2005, 
Cambridge, UK 

 SEFS Workshop : Sensors Fusion For Safety, 12 Oct. 
2005, Göteborg, Sweden 

 Annual Meeting of Human Factors and Ergonomics Society 
Europe Chapter, 26 -28 Oct. 2005, Turin, Italy 

 Road Safety on Four Continents, 5 - 7 Oct. 2005, Warsaw, 
Poland 

 24th European Conference on Human Decision Making 
and Manual Control (EAM 2005), 17 - 19 Oct. 2005, 
Athens, Greece 

 12th ITS World Congress, 6 - 10 Nov. 2005, San 
Francisco, USA 

 Conference "Towards a Knowledge Society - The Nordic 
Experience", 14 - 15 Nov. 2005, Göteborg, Sweden 

 EUCAR conference, 22 - 23 Nov. 2005, Brussels, Belgium 

 i2010 launching event 23rd February 2006 

 CeBIT in Motion 9 - 15 March 2006 

 3rd International Workshop on Intelligent Transportation 
(WIT 2006) - 14&15 March 2006 

 AMAA 2006 - Berlin 24 - 27 April 2006 

 1st SafetyNet Conference 10 & 11 May 2005, Prague, 
Czech Republic 

 6th European Vehicle Passive Safety Conference 12 May, 
Vienna, Austria 

 Intelligent Vehicle – Parma, 30 May 2006, Italy 
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 European Road Transport Research Conference, TRA, 12 
-15 June 2006, Göteborg, Sweden 

 IV'06, 13 - 16 June 2006, Japan  

 FUSION 2006, 10 - 13 July 2006, Florence, Italy 

 ITS World Congress, 8 - 12 Oct. 2006, London  

 FISITA 2006, 22 - 27 Oct 2006, Japan 

 EUCAR conference, 22 & 23 Nov. 2006 

 TRACE General Assembly, 17 - 18 January 2007 

 MAPS&ADAS SafeMAP Joint Final workshop, 1 February 
2007, Paris 

 Sensor Fusion Workshop, 14-15 March 2007, Paris 

 4th International Workshop on Intelligent Transportation 
(WIT 2007), 20-21 March 2007, Hamburg 

 IEEE International conference on Robotics and Automation 
(ICRA 2007), 10-14 April 2007, Rome 

 SAE 2007 World Congress, Detroit, Michigan, USA, 6 - 19 
April 2007 

 IEEE 65th Vehicular Technology Conference VCT2007 
Spring, 23-25 April 2007, Dublin 

 ATA 2007 "Future Perspectives on Cooperative Systems 
for a Safe and Sustainable Mobility", 17 - 18 May 2007, 
Italy 

 AMAA 2007 - 11th International Forum on Advanced 
Microsystems for Automotive Applications, 9-10 May 2007, 
Berlin 

 ISEP 2007 - International Symposium on Electronics in 
Transport, 9-11 May, Ljubljana 

 6th ITS in Europe Congress and Exhibition, 18-20 June 
2007, Aalborg 

 IV'07 IEEE Intelligent Vehicles symposium, 13-15 June, 
Istanbul 

 23rd World Road Congress, 17-21 September 2007, Paris 

 IEEE 10th International Conference on intelligent 
Transportation Systems - ITSC', 30 September - 3 October 
2007, Seattle 

 FITSA meeting, 05 Oct 2007, Malaga 

 ITS World Congress, 9 -13 Oct., Beijing 

 EUCAR conference, 08 Nov 2007, Brussels 

 Michelin Bibendum Challenge, 14-17 Nov 2007, Shanghai 

 European Journalism Conference, 03-04 Dec 2007, 
Barcelona 

 TRB, 14-18 January 2008, Washington 

 Safe Highways of the Future, 12-14 Feb 2008, Brussels 
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6 Project management and co-ordination aspects 

Right from the beginning it was clear that for the coordination of a 
project like PReVENT, with 55 partners from 10 countries, 15 
subprojects and a total budget volume of 54 million Euros, an 
effective project management was essential. On the one hand the 
size and ambitious technical scope of PReVENT required more 
than the usual attention on the development and the achieved 
technical results of the project. On the other hand the fact that it 
was considered to be a flagship project in the new 6th Framework 
Programme of the European Commission gave reason for special 
attention from the Commission’s officers, political representatives 
and – as a consequence – also within the companies on the higher 
decision making levels.  

Against the background of this constellation, this chapter deals 
with project management relating to integration and 
communication. Both issues turned out to be critical success 
factors of the project, as e.g. on IP management level more than 
the expected resources were spent on these issues. Most of the 
problems encountered during the course of PReVENT had both, a 
structural component related to organization, work processes and 
partner interests, and an interactive dimension related to the 
behaviour of the project partners and stakeholders. The points 
below focus on the major integration and communication problems 
and the means applied to solve them. 

6.1 Project structure and project identity 
The integration approach of PReVENT was most visible in the 
project structure consisting of technical subprojects in five 
functional fields. They were clustered as vertical and horizontal 
subprojects. The horizontal activities were also designed to foster 
the cooperation on the working level among the individual SPs, to 
go beyond a mere additive compilation of safety functions and 
research results and thus to meet the requirements for the new 
instrument of Integrated Projects in FP6. 
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Figure 6.1: PReVENT project structure 

In fact the horizontal SPs proved to be a strong pull factor for the 
integration on the technical level. What turned out as a problem 
was that some of the horizontal subprojects started as individual 
second phase activities, i.e. in the second or third year of the 
project. Therefore the integration effect they provided came very 
late. Of course, this was due to the factual rationality of input 
needed from the vertical SPs, but with regard to the social 
integration and - moreover - the joint project identity, it turned out 
to be a major deficit that the horizontal linkages were not 
systematically incorporated right from the start of the project. 
During the first year of PReVENT the SP leaders focused on the 
consolidation of their own “project” and showed a strong SP-
orientation. On the one hand this behaviour clearly helped to 
reduce complexity and to integrate on a working group level; on 
the other hand it produced a rather hermetic climate and an 
understanding of SPs as autonomous units.  

The tendency of fragmentation became most obvious, when the 
SPs started to develop their own logos, showing hardly any 
connection to PReVENT as a whole. Finally an external perception 
of PReVENT as being a mere “container of projects” was produced 
and partly caused the most serious conflict during the life time of 
PReVENT. This development was also enabled by the absence of 
a strong top down steering (see below) and a not yet defined 
common vision of the IP goals. The potential danger of failing the 
integration aim of this highly visible flagship project provoked the 
Commission and the coordinator to nominate a new IP manager 
and to replace part of the management team.  

The measures taken by the new management to overcome this 
situation were new processes to enhance cross-SP cooperation. 
First of all clear horizontal references in all periodic reports and 
deliverables were demanded and secondly the horizontal SPs 
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were strengthened and more cross-SP working groups and 
meetings were encouraged. Whereas these measures took some 
time to show effects, a more visible action was the conception of a 
new common logo which became compulsory for all SPs. This 
project identity measure proved very successful because the new 
logo showed a strong IP branding, but allowed individual SP 
characteristics within this framework. The integration effect was 
not only the ‘unique’ visibility within and beyond the consortium, 
but also the consequential necessity of each SP representative to 
always refer to the larger context of the IP PReVENT in 
presentations or external working contacts.  

 

                     
 

Figure 6.2: PReVENT logos. 

6.2 Project organization and conflict resolution 
The PReVENT organization showed two layers: firstly the SP level 
with the SP leaders performing the steering and operational 
management of the SP together with the work package leaders; 
secondly the IP level with the three entities General Assembly, 
Core Group and IP Coordination. The main decision making power 
was assigned to the Core Group with the IP Coordinator as its 
chairman. The Core Group consisted of 12 members, mainly 
OEMs and system suppliers. The small number and selective 
representation was chosen to keep this body fast and flexible and 
furthermore aimed at ensuring a high commitment of the car 
industry by appointing senior experts with management experience 
for this steering function.  

It was assumed that the Core Group would have to concentrate on 
the strategic direction and development of the IP, performing a 
high level steering function, monitoring the overall work progress 
and intervening in case of conflict resolution needs. A high degree 
of autonomy was assigned to SP level to enable participation and 
ensure decisions close to working level needs. 

Common PReVENT Logo Individual SP Logo 
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Figure 6.3: PReVENT administrative structure. 

This classical and in many other projects well proven organization 
showed a weakness with regard to the special integration need of 
PReVENT as described above. It turned out that this loose 
coupling between IP and SP level did not provide sufficient insight 
into the SP processes and their actual status. The separation 
between SP and IP steering levels was too large. The organization 
was designed to ensure flexibility and a high degree of autonomy 
for SP leaders to react to the needs on working level, but 
enhanced by the tendency for SP autonomy potential risks and 
conflicts on SP level were communicated to the IP level very late 
and/or when the conflict was already on a high escalation level.  

The second major conflict which occurred in the third year of 
PReVENT showed this problem very clearly. Brought about by a 
non-performing partner responsible for one of the key technical 
components in one of the SPs, it firstly illustrated a positive effect 
of the SP orientation: the partners tried to solve the problem 
internally, assisted each other and took over part of the work. The 
strong commitment shown was based on the assumption that it 
would be a manageable problem and the partner would finally fulfil 
his task. The SP leader intervened by addressing this in several 
meetings, negotiating action plans and possible fall back solutions. 
No severe problem was reported to the IP management until it 
became obvious that this partner would not deliver, and the goals 
of the SP and related horizontal activities would badly suffer.  

The measure taken here was an immediate top down intervention 
by the Coordinator and the Core Group. It became soon obvious 
that further negotiations and compensation efforts by joint 
resources on SP level would not bring the expected results. Given 
the limited sanctions available for non-performing partners in such 
a late state of the project it was decided to communicate this 
conflict without delay to the Commission and to go for an 
extraordinary review. This action made a neutralisation of the 
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fierce and emotional front-lines within the SP possible. As the 
authorised decision-making body the Core Group intervened; a 
necessary first step to come back to a rational communication 
level. It was finally settled by the external reviewers’ evaluation of 
the performance and achievements of the partner concerned.  

The lesson learned from this conflict was that even with a well 
established risk monitoring within the quarterly reporting and 
regular meetings with risk assessments, the early warning system 
did not work in a case where strong SP-orientation, in combination 
with a close internal cooperation culture existed, and the 
communication of problems to the next management level was 
rather perceived as a weakness than as a positive action to ensure 
the overall success of the project.  

Another important lesson was that the quick and effective 
cooperation between the IP management and the Commission 
was only possible on the basis of an open communication culture 
that was performed after the crisis in the first year. It was mainly 
based on a mutual understanding and respect for the different 
interests of public and private actors, both attempting to bring a 
complex and ambitious project to success.   

6.3 Project steering and controlling 
This third point addresses the management practice on the 
operational level, i.e. the every day performance of project 
coordination tasks. The management team consisted of the 
coordinator and three supporting partners coping with the day to 
day communication, planning, controlling and project 
administration. It supported the SP leaders, IP Coordinator and 
Core Group in their steering tasks by performing regular risk and 
quality assessments. 

In the first year the overall steering model was very formal, leaving 
the power at SP level and reducing the coordination effort on the 
IP level to the minimum within the reporting and monitoring 
standards of a professional project management and within the EC 
rules. Due to the philosophy of lean management and high 
participation on working level, the IP management perceived its 
role as a formal connection between SPs and the outside, i.e. the 
Commission and external stakeholders. It was this rather passive 
approach of IP management together with the fact that PReVENT 
started in a framework programme with fundamental changes to 
the previous one, which was part of the first major conflict. The 
uncertainty of all actors, regarding the implementation of 
guidelines and procedures, not only within the IP management 
team but also on the side of the Commission, and the high 
expectations attributed to this flagship project, led to several 
misunderstandings. On the one hand the perpetual request for 
information from the Commission was interpreted as inadequate 
outside interference; on the other hand the perceived reluctance of 
the IP management to communicate about the status of the project 
was considered inappropriate for the transparency demand of such 
an important project.  

To solve this deadlocked situation a new management team was 
introduced, consisting of personnel already well known to the 
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Commission including a highly accepted senior manager as 
coordinator. The successful turnaround in the second year was 
mainly due to the fact, that the previously formal communication 
was now turned into an active one.  

The operational management worked very well. Performed on a 
quarterly basis, the project controlling used standardised templates 
and a web based collaboration tool as a joint work platform and 
knowledge server. One important aspect for all the templates was 
to keep them small and simple. Although this created some 
additional effort for the support team to integrate the input, it 
simplified the work with the reporting format for the more than 250 
involved project participants.  

With regard to the large number of participants, it was obvious that 
the personal contact of the management team to the individual 
partner would be very limited. Therefore it was important to get 
regular feedback on the work of the IP management and the 
quality of collaboration within the consortium. As a kind of 
satisfaction indicator a special section in the quarterly status report 
was introduced. Each partner was asked to evaluate the quality of 
transfer among the partners, the quality of communication within 
the consortium and the ‘freshness’ of the knowledge-base, by 
selecting from the categories good, satisfactory, moderate and 
poor. Although this was a coarse-grained measurement it provided 
important information on potential problems and necessary 
improvements. The chart below given an indication on how the 
quality of the transfer, communication and quality of the knowledge 
base evolved over the project life time. After a ramp-up period of 
about 9-18 months the processes were settled and perceived to be 
of adequate quality. 
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Figure 6.4: Quality of transfer, communication and knowledge base 
as a function of time. 

Another success factor on the operational management level was 
the quality management of the technical results and deliverables. 
A quality handbook was set up and continually revised, according 
to the project’s needs dealing with more integration between SPs 
and the reviewers’ recommendations. To ensure the quality of the 
technical work, project internal peer reviews took place. Initially the 
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SP leaders only reluctantly responded because of the additional 
resources and time the process consumed. However, in the course 
of time the process was better streamlined and became standard 
operating procedure. As a result the quality of the deliverables 
clearly improved and acceptance rate at the yearly reviews went 
from 60-70% at the first review to nearly 100% after the third year. 

To enhance the transparency of the SP status beyond the written 
quarterly and yearly reports, and to overcome the information 
deficit on IP steering level, a mentoring system was introduced. 
Each Core Group member had to report on the progress and 
potential problems of the SP he was responsible for. This 
information was based on active participation in SP working 
meetings and regular communication with the SP leader. To 
prevent a problem like the second conflict described above, the 
lesson learned here is, that such a connecting link between 
strategic and working level should be established right from the 
start. 

6.4 Consortium and budget distribution  
To reach the overall goal of PReVENT - the development of 
various functions realising the vision of an virtual safety belt 
around the vehicle - the size and quality of the consortium played 
an important role. To tackle different safety applications with their 
different technological focus, a multitude of skills, competencies 
and expertise from a variety of backgrounds was required. This 
was achieved by the participation of leading European companies 
and institutes of the full chain from OEMs to suppliers to SMEs to 
universities and public authorities. This cross-European formation 
and the membership of nearly all major players of this industry 
were the decisive factors to pave the way for a successful 
cooperation. Despite sometimes conflict-laden interests within the 
consortium, the commitment of the partners was very high. 
Naturally backed by the status attributed to active safety topics 
within the car industry itself, the commitment was furthermore 
enhanced by the high visibility of this European initiative.  

Whereas the collaboration between private companies and 
research institutes worked very well, the aim to include national 
public authorities to play an active part was less successful. 
Although the regulation level was not the core focus of PReVENT, 
the complexity of the technical scope and the size of the 
consortium absorbed the management resources and was the 
reason for the integration of the public partners not to be able to 
achieve a higher level. But given the limited resources and the 
priority aim to reach a broad acceptance of the results among the 
industrial partners, this was inevitable. 

Another special trait of PReVENT was the three phase planning 
process. The project started with an initial group of partners and an 
overall budget, where the resources of some of the new 
subprojects were not yet allocated to partners. This was due to the 
fact that concepts and results of the first phase SPs were needed 
for a detailed planning. The later start and the distribution of the 
reserved budget worked very well, the already integrated partners 
showed strong commitment to continue pushing their topics.  
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The budget charts show the overall number of partners and the 
budget distribution, both related to company size. The two 100% 
subsidiaries of OEMs (BMW Research and Technology and Ford 
Research Centre Aachen) were also counted as big business. 12 
percent of the overall budget was allocated to SMEs, 23 percent to 
research institutes and public partners, and 65 percent, almost two 
thirds of the budget, was obtained by big business companies with 
more than 250 employees.  
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Figure 6.5: Budget distribution by company size. 

With regard to the financial coordination the project planning in 
several phases and the new financial guidelines, requesting an 
update of the implementation plan in an 18 months cycle, turned 
out to be the most time consuming and – concerning the latter - 
inefficient tasks. The 18 months planning request did not match 
with most of the companies internal financial processes which had 
12 months periods on a calendar year basis, neither did it correlate 
with the deadlines for the financial statements set by the EC. The 
main problem was that the updates of the implementation plan 
were needed before the authorised cost claims were available. In 
PReVENT with its 55 partners the average delivery time for the 
comprehensive Periodic Management Report was 3 months, 
usually with another repetition round after the feedback from the 
Commission’s financial officers. The mismatch of timelines made 
several additional checks and adaptation rounds of partner data 
necessary for the financial controlling. Together with the special 
issue of second and third phase planning, the monitoring of the 
partners’ resources was extremely difficult.  
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The distribution of the budget on SP level is shown in the table 
below.  

Table 6.1 Budget distribution by subproject 

Subproject Subproject title Person 
months

Subproject 
volume in € 

Funding 
budget in € 

WP 01.000 IP Co-ordination 19 525.988  525.988  
WP 02.000 IP Management 65 1.102.809  1.102.809  
WP 03.000 IP Finances 12 457.192  457.193  
WP 04.000 IP Core group 44 766.518  383.259  
WP 05.000 IP Dissemination 33 604.735  302.368  
WP 06.000 IP Evaluation & Progress Assessment 13 213.800  106.900  
WP 07.000 IP Liaison 19 338.050  169.025  
WP 11.000 Response 3 153 2.242.208  1.142.352  
WP 12.000 MAPS&ADAS 376 5.510.333  2.855.186  
WP 13.000 ProFusion 21 272.957  159.819  
WP 14.000 IP Exhibition 114 2.489.891  1.318.438  
WP 15.000 ProFusion 2 295 2.905.207  1.983.252  
WP 16.000 PReVAL 101 1.253.691  729.540  
WP 20.000 SASPENSE 319 3.774.551  2.210.000  
WP 22.000 WILLWARN 324 3.291.175  1.906.869  
WP 31.000 SafeLane 262 3.538.064  1.880.448  
WP 32.000 Lateral Safe 260 3.729.311  1.936.657  
WP 40.000 InterSafe 280 4.775.125  2.404.040  
WP 50.000 APALACI 247 3.728.681  1.931.409  
WP 51.000 Compose 286 4.232.502  2.175.613  
WP 52.000 UseRCams 239 3.710.194  1.754.904  
WP 60.000 INSAFES 363 4.710.462  2.363.923  
  Total 3847 54.173.443 29.799.990
blue: second/third phase activities    

  
The charts on the actual resources spent provide the data for 
personnel hours on SP and IP level. Presumably the overall 
budget was exceeded by about less than 10 %.  

Table 6.2: Use of resources by subproject 
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7 Conclusions and an outlook to the future  

In a nutshell it can be said, that after some initial hiccups in the 
beginning that lead to the replacement of parts of the management 
team PReVENT run smoothly and without major problems and 
produced the promised results in high quality while keeping 
timeframe and budget. Through the quality of work and its 
extensive dissemination activities PReVENT did also generate 
considerable interest from all relevant stakeholders, be it the public 
or authorities or decision makers in private companies as well as 
on government side and was highly regarded by the scientific 
community.   

Of course, it can be expected from a professionally managed 
project, that it delivers all expected results in time and with 
reasonable quality but considering the fact, that in PReVENT more 
than 50 partners from industry and academia from all over Europe 
worked together so successfully in 14 different subprojects, it is 
worth to have a closer look on the most significant challenges the 
PReVENT community was faced with.     

7.1 Most significant challenges 

7.1.1 Integration 
As the term “Integrated Project” suggests, integration played an 
important role during the whole project lifetime and was an 
important success factor for PReVENT. The project distinguished 
between horizontal and vertical integration, whereas horizontal 
integration meant integration with other EU funded activities and 
projects in the same working area and vertical integration meant 
integration within PReVENT and among the different subprojects. 

Horizontal integration  Horizontal integration, namely the integration with the projects 
EASIS, AIDE, APROSYS and GST ensured that all involved 
projects delivered results that complemented each other and could 
be used by all projects. To ensure this, EASIS developed a 
common system architecture for future assistance systems on the 
basis of the requirements provided by the other projects that 
became the basis for all PReVENT systems and was used by the 
other projects as well. The use of the EASIS system architecture 
enabled PReVENT to easily integrate results of the projects listed 
above into PReVENT systems.  The demonstration truck built by 
Volvo Technology is a particularly good example for this horizontal 
integration because the user interfaces for the various PReVENT 
systems installed into this truck were based on the HMI concepts 
developed in AIDE and the vehicle was used as demonstrator of 
the AIDE applications as well.  

Horizontal integration did also happen in non technical tasks. The 
cooperation between the PReVENT subproject PReVAL and the 
projects eImpact and TRACE must be mentioned here. These 
projects coordinated their efforts in an exemplary way. This 
enabled PReVAL to develop an extensive evaluation framework 
for preventive and active safety systems that covers all aspects of 
system assessment.    
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Vertical integration Vertical integration – integration within PReVENT – proved to be a 
powerful means to address topics related to more than one 
PReVENT subproject. Such topics are for instance sensing  
systems, dedicated digital maps for driver assistance systems but 
also non-technical issues like legal and liability aspects or the 
PReVENT IP exhibition. So called “vertical” subprojects were 
established in PReVENT in order to bundle the respective 
resources and to address such topics in much more detail than 
possible if several projects had dealt with these issues separately.  
A good example for this kind of integration is PROFUSION, where 
several sensor data fusion concepts have been developed to be 
used by other subprojects.  

The subproject INSAFES is an example for another kind of vertical 
integration done in PReVENT. INSAFES aim was not to develop 
systems or components for use in other subprojects but to take the 
results from other subprojects and integrate them into one 
demonstrator on functional and architectural level in order to 
prove, that is possible, that parallel driver assistance systems can 
share components such as ECUs. Three vehicles were realised in 
INSAFES, which did successfully demonstrate this kind of vertical 
integration. 

7.1.2 Technology development 
Despite the fact, that PReVENT aimed at the development of 
systems and functions that are close to implementation the project 
presented substantial technical challenges. For example current 
driver assistance systems still have limited perception capabilities. 
Lane keeping systems for instance do only work if lane markings 
are clearly visible and unambiguous. They do not work in 
construction sites and require favourable light conditions. 
Constraints do also apply to radar based systems, which, among 
other constraints can only detect moving obstacles. In order to 
address these shortcomings PReVENT set up with PROFUSION a 
dedicated subproject for sensor data fusion, that developed and 
tested a number of advanced sensor data fusion concepts and 
made them available to other PReVENT subprojects, which used 
them as basis for their solutions for subproject specific perception 
problems, such as robust lane keeping in areas with ambiguous   
lane markings. The PReVENT approach to install a dedicated 
subproject to deal with sensor fusion and make the results 
available to other subprojects proved to be very successful. Not 
only did PReVENT systems equipped with PROFUSION 
technology work far better than similar driver assistance systems 
without this, but PROFUSION received high esteem from 
international experts for their groundbreaking work.  

But reliable perception is not only a question of robust algorithms. 
Sensors play also an important role, especially for vehicles in the 
lower price range, where the number of sensors that can be 
installed is far more limited as for upmarket vehicles. PReVENT 
addressed this by developing a new 3D time of flight sensor with 
sufficient performance for driver assistance systems in the 
subproject UseRCams, which is expected to be cheap enough 
when produced in big numbers to bring 3D sensing in all kinds of 
vehicles. 
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However, the availability of cheap and reliable sensors is only one 
aspect of making available advanced driver assistance systems to 
the public in large scale. In order to fully benefit from the vast 
capabilities of these systems multiple systems are called for. But 
even for luxury cars costs for multiple systems are prohibitive if 
each system uses its own set of sensors, its own ECU, etc. 
PReVENT successfully addressed this issue with the subproject 
INSAFES. There it was investigated, how certain components of 
different assistance systems can be shared with the aim, to make 
multiple systems cheaper and, in parallel, to increase system 
performance. With this PReVENT did a considerable step forward 
towards the introduction of high performance multiple systems in 
all kinds of vehicles. 

Examples such as PROFUSION, UseRCams or INSAFES show, 
how technical work benefited from pre-competitive collaboration of 
all relevant stakeholders in a big Integrated Project, and produced 
results, which might not have been achieved that easily in singular 
detached projects.  

7.1.3 Validation, verification, certification 
Another particular challenge that has been addressed in 
PReVENT is system evaluation. Since there were 12 different 
subprojects, which developed systems and technologies, the need 
for a comprehensive evaluation framework became apparent, that 
can be applied to all types of driver assistance systems and 
produces comparable results no matter for which kind of 
assistance system it is used. The resulting toolset, which was 
developed in the PReVENT subproject PReVAL along the needs 
specified by the relevant stakeholders on the basis of already 
existing and proven methodologies for evaluation of singular 
aspects of driver assistance systems is another proof for the 
benefits that can be gained from an Integrated Project. Here 
automotive industry, suppliers and research institutes worked 
closely together, which guaranteed that the PReVAL 
methodologies address the needs of the system developers as 
well as those from certification bodies and authorities and are 
verified under realistic conditions with the systems they have been 
developed for.  

As said above, PReVENT focused on the further development of 
systems that are relatively close to market introduction. Therefore, 
work could not be limited to prototyping these systems. Also 
certification and legal and liability issues needed to be addressed 
with the aim to give system developers a code of practice at hand, 
which helps them to design assistance systems that do fulfil the 
various certification related requirements and avoid unnecessary 
legal and liability implications especially in the field of product 
liability.  

This particular challenge was addressed in the PReVENT 
subproject RESPONSE3, which built on the RESPONSE 1 and 2 
activities of the past and developed the above mentioned code of 
practice based on the inputs of the technical PReVENT 
subprojects. As PReVAL also RESPONSE3 benefited 
considerably from the PReVENT organisation as an Integrated 
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Project because it was this organisation, which enabled the close 
link between system developers, evaluators, certification and legal 
experts that was regarded by all RESPONSE3 partners as the 
main success factor.  

7.1.4 Management 
Being the biggest Integrated Project in the area of Intelligent 
Vehicle Systems in the 6th Framework Programme of DG InfSo 
and one of the first that started, PReVENT presented not only a 
number of considerable technical challenges to the project 
partners but was also very demanding from the managerial point of 
view due to the sheer number of partners and fact, that besides 
the management of technical issues the management team had 
also to take care of all administrative matters, also those, that were 
Commission tasks in previous projects. This gave far more 
freedom in project execution to the management team than in the 
past but required additional skills and knowledge as well as a new 
type of management team, that is well structured and bundles the 
necessary competences.  

Particular care had therefore to be taken in the selection of the 
team members. Their skills and abilities must complement each 
other and, due to the decentralized organisation of the 
management team it must be ensured, that all members have 
clearly defined responsibilities, which allow them to act 
independently in their working area. Nevertheless, all members of 
the management team must be team players since the team must 
always speak with one voice and there is absolutely no room for 
personal ambitions.  

It was one of the key success factors of PReVENT that the 
management team fitted perfectly to these requirements. It 
consisted of an experienced IP Coordinator with automotive 
background, who had successfully managed a number of EU and 
nationally funded projects of all sizes before and benefited from a 
comprehensive network not only inside all major PReVENT partner 
companies but also in DG INFSO, which was a tremendous asset 
for the daily project management.  

He was assisted by an IP  Manager who, working for an 
association that represents the interests of all European 
stakeholders in the ITS field, could also build on a considerable 
business network including all major European road authorities 
and transport related governmental bodies.  

All administrative issues were handled by a capable IP 
Administrator, who brought into the project a comprehensive and 
well developed toolset for data collection and reporting, which 
enabled the management team, to provide all reports in time. 
Building on his long lasting experience in funded projects he did 
also establish a quality insurance system for the IP Deliverables, 
which was crucial since PReVENT was reviewed annually on the 
basis of the content of these documents.  

Financial issues were taken care of by an equally skilled IP 
Controller. Her comprehensive knowledge about the financial 
guidelines and processes at the Commission ensured that 
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PReVENT did also run smoothly from the financial and the 
contractual point of view.  

However, despite the considerable experience of the management 
team, which guaranteed time and cost efficient processes 
throughout the project, the limitation of the budget for project 
management to 7% of the total budget proved to be too tight due 
to the effort needed to deal with the high number of partners in the 
project.  

Despite the fact, that PReVENT run smoothly and only few 
unexpected management interventions became necessary, the 
daily project management required far more effort than initially 
expected. This was in particular the case for deliverable creation 
and handling. The huge number of deliverables to be provided and 
the equally huge number of contributors to be dealt with, 
generated considerable additional effort caused by the varying 
quality of the inputs as well as by the editing necessary to 
guarantee constant quality across all PReVENT subprojects and 
over the project lifetime.  

The same applied to project controlling and to the dissemination 
activities. With regard to project controlling it was again the huge 
number of partners to deal with, that caused more work than 
expected, whereas in the field of dissemination the particular 
attention, that PReVENT enjoyed in the public as well as in the 
research community made it necessary to spend considerable 
more time and resources for dissemination than initially expected.  

To cope with this, in future follow-up activities at least the number 
of deliverables should be reduced and care should be taken not to 
exceed a healthy number of partners in the consortium.  

Furthermore, dealing with the finances for the organisation of the 
IP Exhibition created some administrational problems due to the 
act, that this event was only funded by 50%, meaning, that the 
other half had to be borne by the PReVENT partners. This 
required a side letter to a contract amendment that governed the 
sharing of the unfunded part by the partners and the resulting 
reduction of the funding transferred to them. If such an event is 
planned in a follow-up activity the initial consortium agreement 
should deal with that to avoid unnecessary administrative efforts.  

With respect to the size of the project and the number of partners 
involved, it is nevertheless surprising, that only few problems came 
up and project run so smoothly and well within the available 
budget and timeframe. This proves, that the organisational 
structure chosen for PReVENT addressed all project needs 
properly and that the work distribution in the management team 
was right. It is also proof of the capabilities of the PReVENT 
partners and of the fact, that the management team was very well 
accepted by them.  
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7.2 Outlook 

7.2.1 Project results 
PReVENT did primarily develop prototypes of preventive and 
active safety systems that are not too far away from potential 
products and did further pave the way to market introduction by 
elaborating a European Code of Practice for an accelerated 
market introduction of such systems in the PReVENT subproject 
RESPONSE3 that will help manufacturers to avoid unexpected 
legal and liability implications when introducing new ADAS 
applications. Therefore, it can safely be assumed that PReVENT 
technology finds its way into vehicles pretty soon. Particular but 
not only candidates for early introduction are the emergency 
braking system for trucks and passenger vehicles developed in the 
subproject COMPOSE, the highly improved approaches for lane 
detection developed in SAFELANE on the basis of the 
PROFUSION sensor data fusion concepts that will considerably 
improve the performance of lane keeping systems or the map 
enhanced ACC system prototyped in MAPS&ADAS.   

However, with subprojects such as WILLWARN or INTERSAFE 
dealing with cooperative systems PReVENT did also investigate 
into technologies reaching further into the future. In these 
subprojects PReVENT did clearly prove the benefits of applying 
communication technology in vehicular environment and prepared 
the grounds for further activities in that field for instance in the 
seventh Framework Programme of the European Commission.  

7.2.2 Potential follow-up activities 
At the time of writing it was not clear whether there will be a follow-
up activity to PReVENT. The fact, that PReVENT was aiming at 
systems which are close to production makes it rather difficult to 
propose a continuation of PReVENT activities on the same level 
and with similar if not the same partners under the name of 
PReVENT 2 because quite a lot of the applications prototyped in 
PReVENT will quickly be transferred into the development 
departments of the industry partners in the project. This makes 
continuation of pre-competitive cooperative research impossible in 
a number of the areas covered by PReVENT.  

Nevertheless, technologies developed in PReVENT can 
substantially contribute to new and highly advanced driver support 
systems that have not been investigated yet in larger scale due to 
the lack of technologies. A particular example for this kind of 
systems is collision avoidance not only by emergency braking but 
by evasive manoeuvres. Such systems require perception and 
decision making capabilities that are far above of the current state 
of the art. In subprojects such as PROFUSION, APALACI and 
COMPOSE or INTERSAFE PReVENT has realised a sound 
foundation on which development of these kind of systems can 
commence.  

Sensor development is another area for a potential follow-up 
activity. Even if sensor technology has made quite a lot of progress 
in the past with PReVENT contributing considerably to this, there 
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is still a lot of room for improvements in particular if powerful 
perception technology shall find its way into cheaper vehicles. For 
instance the promising sensor fusion algorithms developed  in 
PROFUSION need to be further developed in order to make them 
suitable for use in series products. The same is the case for the 
time of flight 3D sensor prototyped in UseRCams. It has proven its 
capabilities in PReVENT but in order to create a commercial 
product considerable development work is needed, which can best 
be done in combination with the development of suitable 
applications of this sensor in the field of collision mitigation 
systems for vehicles. 

Another field, which was not covered by PReVENT but could be an 
interesting area for application and further development of 
PReVENT technologies is “Green Driving” that becomes more and 
more important not only with regard to the ongoing CO2 
discussions in Europe. Since “Green Driving” is a completely 
different application area than evasion manoeuvres it should be 
dealt with in a separate project, which should nevertheless have 
close links to potential activities in the field of collision mitigation to 
make optimal use of existing synergies and to push the multiple 
use of system components according to the example given in 
INSAFES.    

System assessment is also an area, where follow-up activities 
make sense. PReVAL has prepared an extensive evaluation 
framework that can be applied to all kinds of driver support and 
safety systems but during the work it became apparent, that there 
is considerable need for follow-up activities preferably together 
with eImpact and TRACE.  Particular need for follow-up activities 
exists in the field of safety impact assessment, where 
“standardised” and widely agreed hypothesises for market 
penetration of driver support and safety systems in the EU 
member states are lacking or in the area of accidents statistics, 
where a harmonised scheme for data collection is needed 
complementing the vast number of independent and sometimes 
highly  specialized accident data bases in the European member 
states, which do only partly fit to the needs of system assessment. 

Out of the PReVENT consortium and coordinated by the 
PReVENT management respective follow-up activities will be 
proposed. These can be Integrated Projects, STREPs or 
Supportive Actions. Coordination through the PReVENT 
management guarantees, that these projects built on PREVENT 
results and are linked with each. Thus, the PReVENT spirit will live 
on, even if there is no direct follow-up.  
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Annex 2 Glossary 
Abbreviation Explanation 

ABS Anti-Lock Brake System 

ACC Adaptive Cruise Control 

ACC Stop&Go ACC with automatic stop & go-functionality 

ACEA European Automobile Manufacturers Association 

ACU Airbag Control Unit 

ADAS Advanced Driver Assistance System 

AH ADAS Horizon 

AHP ADAS Horizon Provider  

AHR ADAS Horizon Reconstructor  

AIDE Adaptive Integrated Driver-vehicle Interface 

A-ISS Advanced Intersection Safety System  

ALC Adaptive Light Control  

API Application Programming Interface 

APROSYS Advanced Protection Systems (Integrated Project) 

ASV Advanced Safety Vehicle 

B-ISS Basic Intersection Safety System  

BSD Blind Spot Detection 

CAN Controller Area Network 

CBS Cost-benefit analysis 

C2C-C Car to Car Communication 

CCWAS Co-operative Collision Warning and Avoidance System 

CG Core Group 

CMBS Collision Mitigation Brake System 

CMOS Complementary Metal Oxide Semiconductor 

CoP Code of Practise 

CRF Centro Riserche FIAT 

CVHS Cooperative Vehicle-Highway System 

DAS Driver Assistance System 

DG Directorate General 

DGPS Differential GPS 

DSC Dynamic Stability Control 

DWS Driver Warning System 

EASIS Electronic Architecture and System Engineering for Integrated Safety 
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Abbreviation Explanation 
Systems (Integrated Project) 

EC European Commission 

ECU Electronic Control Unit 

EPS Electric Power-assisted Steering  

ERTICO Intelligent Transport Systems – Europe  

ESP Electronic Stability Programme 

ETSC European Transport Safety Council 

ETSI European Telecommunications Standards Institute 

EU European Union 

EUCAR European Association for Collaborative Automotive Research 

FIR Far Infra Red 

FLR Forward Looking Radar 

FP6 6th Framework Programme of the European Union 

GaAs Gallium-Arsenide  

GDF Geographic Data Files 

GHz Giga hertz 

GIDAS German In-depth Accident Study 

GPS Global Positioning System 

GST Global Systems for Telematics (Integrated project) 

HM Hierarchical Manager 

HMI Human Machine Interface / Interaction 

HVD Hypovigilance Diagnostic Module 

HSW Hot Spot Warning  

HW Hardware 

ICC Cruise Control 

ID Identification 

I/O Input/output 

IP Integrated Project 

ISA Intelligent Speed Adaptation 

ISP Integrated Safety Program  

ISO International Organization for Standardization 

IST Information Society Technologies 

ITS Intelligent Transportation System 

IVI Intelligent Vehicle Initiative 

IVIS In-vehicle Information Systems 
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Abbreviation Explanation 

IVSS  Intelligent Vehicle Safety Systems 

I2V Infrastructure-Vehicle-Communication 

JDVS Joint Driver-Vehicle System  

LACOS EC funded project on Lateral Control Support 

LAN Local Area Network 

LCA Lane Change Assistant 

LCDAS Lane Change Decision Aid System  

LCW Lateral Collision Warning 

LDW Lane Departure Warning 

LKS Lane Keeping Support 

LRR Long Range Radar 

MMIC  

NCAP New Car Assessment Program 

NextMAP  EC-project on enhanced map databases for ITS including ADAS 

NIR Near Infra Red 

OEM Original Equipment Manufacturer 

OSGI Open Standards Gateway Initiative 

PLATFORM A set of technology, which acts as a foundation for real-world 
applications 

PReVENT Preventive and Active Safety Applications (Integrated Project) 

RadarNet EC project on Multifunctional Automotive Radar Network 

RF Radio frequency 

RSU Road Side Unit 

RT Reaction time 

RTD Research and Technology Development 

SASPENCE Safe Speed and Safe Distance 

SDF Sensor data fusion  

S&G Stop and Go 

SiGe Silicon-Germanium  

SME Small and Medium Size Enterprise 

SoA State of the Art 

SLW Speed Limit Warning  

SP Subproject 

SRR Short Range Radar 

SSPD Safe Speed and Safe Distance 
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Abbreviation Explanation 

STREP Specific Targeted Research Project 

SW Software 

3D Three-dimensional 

TICS  Traffic information and control systems 

TOF Time-of-flight (measurement principle in LASER-technology) 

TPMS Tyre Pressure Monitoring System 

TREM Traffic Risk Estimation Module  

TTL Time to Line Crossing 

2D Two-dimensional 

UMTS Universal Mobile Telecommunication System 

VALT Traffic Safety Committee of Insurance Companies (Finland) 

VIP Very important person 

WLAN Wireless Local Area Network 

VRU Vulnerable Road User 

V2V Vehicle to Vehicle - Communication 

VTEC Volvo Technology 
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