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1 Introduction 

The European 6
th
 Framework Programme Integrated Project (IP) on Advanced Protection 

Systems (APROSYS) focuses on developments in the field of vehicle safety. Sub-project 1 (SP1), 
titled ‘Car Accidents’, will investigate the development and validation of evaluation methods and 
advanced protection systems. The aim is to reduce the number of car occupant fatalities and 
serious injuries by developing evaluated test procedures that once implemented, will improve the 
protection offered by cars. SP1 is mainly focussed on secondary safety related to frontal and side 
impact. Within Work package 1.3 (WP1.3), titled ‘Advanced safety functions’, the focus is on the 
development of evaluation methods for the assessment of adaptive safety devices that employ 
pre-crash information from environmental sensor systems.  

To specify the safety functions concerned, the definition of the so-called Advanced Safety 
Systems for the purpose of "Integrated Safety" was based on the definition of Advanced Passive 
Safety Systems developed by the Advanced Passive Safety Network (APSN): 

Advanced Safety Systems are considered to be primary and secondary safety systems adaptive to 
different scenarios to reduce accident severity and/or injury risk. These systems employ  

·  individual occupant data and/or  

·  pre-crash information obtained from environmental sensors, dynamic car data and 
infrastructure  

As such this definition covers a broad field ranging from occupant classification systems for 
intelligent airbag deployment to more future related technologies as pre-crash braking or other 
collision mitigation system. Both autonomous systems and semi-autonomous systems are 
considered. A semi-autonomous system is a system which is triggered by the driver, for instance 
an advanced brake assist system where the system generates a warning first and if the driver starts 
to brake, the system is triggered and the system maximizes braking pressure. 

The safety model as shown in  

Figure 1 has been developed by the Association of European Automobile Manufacturers (ACEA). It 
specifies the working area of primary and secondary safety systems more in detail. The future 
systems looked at in this study are expected to be integrated systems combining the primary and 
secondary safety systems to obtain an increased level of safety. These systems will mainly work in the 
danger phase (phase 2), crash unavoidable phase (phase 3) and the in-crash phase (phase 4) as 
indicated in  

Figure 1. 
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Figure 1. The ACEA Safety model 

 

The systems considered in WP1.3 contain two main aspects: 

·  remote sensing systems that scan the vehicle exterior for dangerous traffic situations 

·  adaptive character of safety devices, including exterior sensing and interior sensing 

 

As a first step, an inventory study was performed in Task 1.3.1 with the overall objective to 
investigate methodologies to evaluate adaptive safety devices which use pre-crash information 
derived from sensor systems. As such, WP 1.3.1 was divided in 2 sub-tasks: 

·  Sub-Task 1.3.1a with the main focus to identify any issues which might prevent a vehicle 
fitted with advanced safety systems from complying with the existing European 
legislation. Thus, in this task a range of advanced safety systems have been assessed in 
terms of how such systems might be dealt with within the current regulatory framework. 
The principle approach used (including those diagrams presented later in this report) has 
been from the point of view of a car manufacturer wishing to bring an advanced safety 
system to market using the regulations currently in place.  

·  Sub-Task 1.3.1b with the aim to provide an overview of the possible test and evaluation 
methods investigated and developed in previous and current research projects.  

Using the results of this work (T1.3.1), a strategy will be developed to assess these systems 
adequately (WP 1.3.2). This methodology will be applied to a pre-crash safety system developed 
in SP6 and/or PReVENT (WP 1.3.3). Finally, a proposal for standards to evaluate advanced 
safety systems will be considered (WP 1.3.4). 

This document describes the approach used and the results obtained in T1.3.1. In chapter 2, the 
objectives of this report are presented. The next chapters 3, 4 and 5 tasks 1.3.1a and 1.3.1b are 
described in more detail, respectively. This includes a description of the approach followed, the 
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results obtained and a discussion of the results. Finally, in chapter 6 conclusions and 
recommendations related to the future WP1.3 work are given. 

The partners BASt, CRF, Daimler Chrysler AG, Siemens Restraint Systems, Siemens VDO, 
TNO, TRL and Volkswagen AG contributed to this overview report. 
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2 Objectives 

The main aim of sub-task 1.3.1a was to examine new safety technologies and to identify any 
issues which prevent or hinder a vehicle fitted with such new technologies from complying with 
the requirements of existing European Directive(s), other relevant worldwide standards, or other 
legal requirements. Within this process, the problems associated with compliance to existing 
regulations have been highlighted. Furthermore, each system type has been assessed in terms of 
the possible routes to compliance which may be adopted by a vehicle manufacturer with reference 
to current regulation. 

In addition, it was an objective of this sub-task to consider whether separate certification testing 
for components (for example, sensors) should be considered in the advanced safety system 
evaluation methodology developed by this sub-project. In order to achieve this, the current 
situation regarding the certification of components with respect to environmental conditions was 
reviewed and forms part of this report. 

The main aim of sub-task 1.3.1b was to provide an overview of the possible test and evaluation 
methods investigated and developed in previous and current research projects. 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  5/77 
 

 

3 Review of regulations 

3.1 SCOPE OF THE ASSESSMENT 

3.1.1 Introduction 
The current state-of-the-art of vehicle technology is providing increasing levels of both primary 
and secondary safety. Primary safety systems provide assistance to the driver from the normal 
driving state, throughout the “danger stages” leading up to an impact, and if 100% efficient may 
prevent the sequence of events which lead to the accident. Secondary safety measures include all 
actions which improve the level of protection conferred to vehicle occupants or vulnerable road 
users during an impact (e.g. restraint systems and vehicle structures).  
 
As can be seen in Figure 1 (page 2), the ACEA safety model distinguishes five phases. During the 
first two phases, only primary safety systems, e.g. Ergonomics, lightning, braking, etc., are 
involved. In phase 3, where a crash is stated as unavoidable, there is an evolution in which 
systems belonging to the primary and secondary safety interact and develop in parallel until the 
beginning of phase 4. During phase 4, only secondary safety actions are executed. Finally, phase 
5 includes all actions taken after the collision event.  
 
In general, current safety systems are based on the data provided by crash sensors at the time of 
impact (Phase 4). However, pre-crash sensing technologies offer the potential to provide 
information for safety systems in phases 2 and 3, which can then take action to reduce the 
severity of any impact (e.g. autonomous advanced safety braking), and also optimise the level of 
safety offered to the occupants (e.g. adaptive restraints). This review has focussed on systems 
which utilise advanced safety sensing technology and therefore are systems which act in phase 2 
and 3 of the ACEA safety model. 

 

3.1.2 Types of system considered 
The first step taken in this review was to consider the types of generic advanced safety systems 
falling within the scope of this study. Although the advanced safety systems, as defined in the 
introduction, are mainly focussed on autonomous and semi-autonomous systems, a somewhat 
wider range of systems has been taken into account during the review. The following systems 
were considered as examples and formed the basis of the systems which were considered against 
the current regulations.  
 

Advanced safety systems for primary safety 

·  Brake assist 

·  Pre-crash warning 

·  Autonomous pre-crash braking 

·  Collision avoidance 

 

 

 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  6/77 
 

Advanced safety systems for secondary safety 

Adaptive vehicle structures 

·  Pop-up bonnet systems 

·  Adaptive bumpers  

·  Adaptive ride height (compatibility) 

 

Restraint systems 

·  Reversible restraints in frontal and side impact 

·  Seatbelt pre-pretensioner 

·  Occupant position correction technologies 

·  Knee bolsters 
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3.1.3 Regulations considered 
The main focus of this study was on the implications of these advanced safety systems for current 
European legislation. 
 
Directive 70/156/EEC 
 
The so-called Framework Directive was set-up in February 1970. Since then more than 50 
directives have been adopted. Council Directive 92/53/EEC of 18 June 1992 amended Directive 
70/156/EEC by introducing mandatory Community type-approval for passenger cars from 1 
January 1996 in respect of new types placed on the market, and from 1 January 1998 for 
passenger cars covered by earlier national type-approval. The so-called European Whole Vehicle 
Type Approval (EWVTA) is based on 54 systems and components directives. 
 
The UN-ECE (United Nations Economic Commission for Europe) regulations 
 
In 1958, in Geneva, a mutual recognition framework was set-up aimed at developing international 
rules for the approval of certain components intended for the motor vehicle sector. Since that 
period, over 115 UN/ECE Regulations have been adopted. Over 45 UN-ECE regulations are 
equivalent to EC directives.  
 
The following EC Directives were considered in the process of this review: 
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Table 1. Regulations considered 

Item/ title Base EC 
directives 

Adaptations and 
amendments 

UN-ECE 
regulations 

Interior fittings 74/60/EEC 78/632/EEC  
2000/4/EC  

ECE R21.01 

Seats, anchorage and 
head restraints 

74/408/EEC 81/577/EEC 
96/37/EC 

ECE R17.06 
ECE R80.01 

External projection 74/483/EEC 79/488/EEC ECE R26.02 
Safety belts 
anchorage 

76/115/EEC 81/575/EEC 
82/318/EEC 
90/629/EEC 
96/38/EC 

ECE R14.04 

Seat belt installation 77/541/EEC 81/576/EEC 
82/319/EEC 
90/628/EEC 
96/36/EC 
2000/3/EC 

ECE R16.04 
ECE R44.03 

Head restrains 78/932/EEC  ECE R17.06 
ECE R25.04 

Side-impact 
protection 

96/27/EC   

Frontal-impact 
protection 

96/79/EC 1999/98/EC  

Pedestrian safety 2003/102/EC   
Braking devices 71/320/EEC 74/132/EEC 

75/524/EEC 
79/489/EEC 
85/647/EEC 
88/194/EEC 
91/422/EEC 
98/12/EC 
2002/78/EC 

ECE R13.09 
ECE R13 H.00 
 

 
 
Also considered were: 
 

·  EuroNCAP tests 
·  US regulations: FMVSS 208. 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  9/77 
 

 

3.1.4 The Vienna Convention 
In addition to the regulations listed in the preceding section, primary legalisation was also 
considered as part of this review. The Vienna Convention on Road Traffic is an international 
treaty designed to facilitate international road traffic and to increase road safety by standardising 
the uniform traffic rules among the contracting parties. This convention was agreed upon at the 
United Nations Economic and Social Council's Conference on Road Traffic in November 1968. 
This provides the international legal and technical framework for the development of 
international road transport in the region covered by the United Nation Economic Commission 
for Europe (UNECE). It is legally binding for States who become Contracting Parties.  While this 
legal instrument is important to European countries, it is also applied by a large number of 
countries worldwide.  Currently (as of June 2006) there are 63 contracting parties to the 1968 
Vienna Convention. These are: Albania, Armenia, Austria, Azerbaijan, Bahamas, Bahrain, 
Belarus, Belgium, Bosnia and Herzegovina, Brazil, Bulgaria, Central African Republic, Côte 
d'Ivoire, Croatia, Cuba, Czech Republic, Democratic Republic of Congo, Denmark, Estonia, 
Finland, France, Georgia, Germany, Greece, Guyana, Hungary, Iran (Islamic Republic of), Israel, 
Italy, Kazakhstan, Kuwait, Latvia, Liberia, Lithuania, Luxembourg, Monaco, Mongolia, 
Morocco, Niger, Norway, Pakistan, Philippines, Poland, Republic of Moldova, Romania, Russian 
Federation, San Marino, Senegal, Serbia and Montenegro, Seychelles, Slovakia, Slovenia, South 
Africa, Sweden, Switzerland, Tajikistan, The FYR of Macedonia, Tunisia, Turkmenistan, 
Ukraine, Uruguay, Uzbekistan, and Zimbabwe. In addition, a further 11 countries (including 
Spain, UK, China and South Korea) have signed the convention. However, it should be noted that 
signatories are not required to comply with the requirements until ratified. 
 
The Vienna Convention on Road Traffic of the 8th November 1968 contains the following points 
which make reference to the driver being in control of the vehicle (ECE, 1968): 
 
Article 8, Paragraph 5 
 
“Every driver shall at all times be able to control his vehicle or to guide his animals.” 
 
Article 13 Paragraph 1 
 
“Every driver of a vehicle shall in all circumstances have his vehicle under control so as to be 
able to exercise due and proper care and to be at all times in a position to perform all 
manoeuvres required of him.” 
 
The purpose of the Vienna Convention was to facilitate international road traffic and to increase 
road safety by standardising the uniform traffic rules among the contracting parties. These articles 
were therefore designed to ensure safety on the road and of road users and are legally binding on 
those countries which are contracting parties to the convention. 
 
However, the Vienna Convention was drawn up before the development of complex automatic 
systems on cars.  With the advent of sensing systems and intelligent systems which have the 
capability of making critical decisions, the wording of the Vienna Convention presents an 
increasing barrier to the application of collision avoidance and mitigation systems which use pre-
crash sensing and require direct control of the vehicle to be taken away from the driver. 
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It may be argued that existing systems such as cruise control, ABS and ESP take control away 
from the driver in some respects. In the former the speed of the vehicle is automatically adjusted; 
the latter two involve the vehicle performing assistance actions which the driver is not aware of. 
However, the function of such systems can often be disabled by the driver and in these cases the 
driver has still direct control of the steering and braking of the vehicle.  
 
The wording of the Vienna Convention appears to prevents the vehicle taking control of steering 
or braking. However, it may also be argued that the initial principle of the convention was to 
preserve a minimum level of safety. Systems using pre-crash sensing offer the opportunity to 
provide the driver with assistance to improve the level of safety. Thus, systems which act in the 
unavoidable accident phase may be argued to be in the spirit of the Vienna Convention (since 
they aim mitigate the consequences of the accident), despite the functionality of some systems 
being at odds with the precise wording of the convention. Furthermore, it may be also argued that 
if automatic systems can be overridden by the driver, or if the driver chooses to switch on specific 
safety functionality, that the driver is still in control of the vehicle. 
 
As advanced safety systems develop from driver warning and driver assistance to collision 
avoidance systems, it seems necessary that the Vienna Convention will require amendments 
which allow the intervention of collision avoidance systems in the case that the accident is 
unavoidable. This revision is the responsibility of the UNECE Inland Transport Committee’s 
working party on road traffic safety. 
 

3.2 ASSESSMENT PROCESS 
 
Figure 2 details the generic routes to EC type approval which currently apply to advanced safety 
systems on new cars. The following sections explain the route which each of the systems defined 
in Section 3.1.2 would take, when considering the process undertaken by a car manufacturer 
seeking compliance to existing regulations.  
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Figure 2. Flow diagram of routes to approval for advanced safety systems 

 
In this process, consideration was given to the type of the advanced safety system being assessed 
with relation to the possible compliance issues with the regulation tests. Specific compliance 
issues can arise if, for example, the system alters the test conditions specified by the regulation 
(e.g. impact speed) or if compliance only occurs in a specific deployment state (e.g. deployable 
bonnet). In this latter case, the question arises as to the minimum level of safety if the system 
does not function correctly. The issues for each system type have been identified and the possible 
routes available to the manufacturer in order to gain compliance have been highlighted, using the 
generic decision-making route presented in Figure 2. 
 
In the case that the conditions of the regulatory test are changed by the system or that there are 
other compliance issues, existing procedures are discussed. This is described in greater detail in 
the following section, but in essence requires the sensing system, the actuator and the effect on 
the driver to be assessed in order to demonstrate an equivalent minimum level of safety as 
without the system. In this case, the sensor tests are designed to ensure that the sensing system 
functions as intended, that the actuator activates appropriately, and that the effect on the driver in 
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term of false alarms or the activation of the system does not bring about deterioration in the level 
of safety; this latter assessment is known as “driver in the loop” assessment.  

 

3.3 ADVANCED SAFETY SYSTEMS : GENERAL ISSUES  

3.3.1 Regulatory compliance 
It should be mentioned that Article 8 of the Council Directive No 92/53/EEC (amendment of 
Directive 70/156/EEC) includes exemptions for new technologies or concepts incompatible with 
separate directives. In this case, the Member State should provide a report containing: 
 

·  The reason why the technologies prevent the vehicle or component from complying with 
the requirements of the relevant(s) Directive(s) 

·  A description of the areas of safety and environmental protection concerned and the 
measures taken 

·  A description of the tests and their results that demonstrate at least an equivalent level of 
safety and environmental protection as is provided by the requirements of one or more of 
the relevant separate Directives 

·  Proposals for amendments to the relevant separate Directives or new separate 
Directive(s) as applicable. 

 
Thus, this clause allows for new technologies, such as advanced safety systems, to obtain type 
approval if the requisite level of safety can be demonstrated to the type approval authority. With 
reference to Figure 2 this step is analogous to the assessment tests of the sensor and actuator 
system to ensure that the advanced safety system functions appropriately. Furthermore, the driver 
in the loop assessment ensures that the system does not affect the driver in a manner which 
reduces the overall level of safety.  
 

3.3.2 Logistical 
There are also logistical barriers to pre-crash sensing which deserve mention.  For example, there 
is some concern in the UK and the EU over the wide scale use radar in the 24GHz ISM Band by 
the automotive industry.  In the UK, concerns expressed by existing users such as the Home 
Office, fixed service providers, direct satellite broadcasters, radio astronomers and other space 
science services, have led to the UK authorities to review the relevant issue. However, alternative 
ISM bands are available and may be used for systems involving radar sensing. 
 
Furthermore, there are issues of interference between vehicles fitted with such systems. 
Consideration is required in a test method of pre-crash sensing systems as to what degree the 
sensor system may be compromised or affected by other vehicles fitted with the same sensor 
technologies. It is recommended that this issue should be considered during the development 
process. If this issue cannot be solved by other means, tests have to be considered which assess 
the extent to which the sensing system is affected by other sensor signals. 
 

3.3.3 Environmental  
Sensor systems, depending on the specific technology, may have reduced function or data quality 
deterioration effects under certain environmental conditions. Therefore, it is considered that any 
sensor test during the development process should consider “worst case” environmental 
conditions but also taking into account the “environmental conditions” the system was designed 
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for (e.g. a nigh vision system should be tested in dark). In this way it is ensured that the quality of 
the data, and therefore the function of the system, is not adversely affected. 
 
Indeed, the requirements of Article 8 of the Council Directive No 92/53/EEC state that the system 
must provide an equivalent level of safety as specified by the relevant individual Directives. 
Ensuring that the sensor system functions effectively in representative environmental conditions 
is clearly required if the level of safety is to be assured. 
 

3.4 ADVANCED SAFETY SYSTEMS FOR PRIMARY SAFETY  
 

3.4.1 Introduction 
The aim of a Pre-crash braking system is to decrease the vehicle’s speed prior to the impact. This 
is important as the speed is the main factor of the impact energy [E=f (V²)]. Such a system 
requires sensors which are capable of accurately detecting and tracking objects relative to the 
front of the vehicle. Data from the sensors may be used for a range of applications which are 
progressively more advanced, such as: 
 
Driver brake assist 
The brake assist function helps the driver to fully exploit the braking potential of his vehicle 
should the driver have applied an inadequate level of braking to avoid a collision or hesitates in 
full application. The rate of the brake pedal operation is monitored and used to detect an 
emergency braking situation. If the pressure applied by the driver on the brake pedal is not 
sufficient to achieve maximum braking pressure, the system automatically increases braking 
pressure until the driver releases the brake pedal. 
 
Driver warning 
Using data from a pre-crash sensor system, audible, haptical or visual warning is provided to the 
driver in the case that a potential impact is detected. 
 
Autonomous braking  
This system will make an autonomous brake application when it determines a collision with 
another vehicle is unavoidable in both high speed and low speed environments.  This system 
assumes the driver has ultimate authority over vehicle control and therefore will not interfere with 
any potential evasive manoeuvres initiated by the driver.  Such a system is intended to apply 
braking force only the unavoidable accident phase. 
 
Collision avoidance 
This system would involve pre-crash sensing which would control braking and steering in order 
to avoid the impact. Therefore, such a system would require sophisticated sensor system capable 
of providing an accurate collision warning early enough to allow evasive manoeuvre. Such a 
system would therefore involve vehicle path prediction. 
 
It is the latter two of these systems which presents issues with compliance to current regulations. 
These are discussed in the following section. 
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3.4.2 Regulatory Issues 
For these types of system, the relevant Directives and regulations considered were: 
 
Frontal Impact Directive 96/79/EC 
Braking Devices 71/320/EEC 
Occupant Protection FMVSS 208 
 
For brake assist systems, there is no conflict with existing regulations considered since such a 
system relies on a driver input in addition to the information provided by the sensor system.  
 
Autonomous braking is not defined for M11 vehicles in the Braking Devices Directive. However, 
this is only in terms of the definition mentioned in the Directive. In terms of the performance of 
the brakes, these would be assessed in the same manner as currently. Thus, this does not 
constitute a conflict with the regulation in terms of the test method and requirements of the 
vehicle’s braking performance. 
 
However, for autonomous braking in the unavoidable accident phase, there is a conflict with the 
regulatory requirements since the system would reduce the impact speed below the level 
prescribed by the regulation. However, the addition of such a system would be an improvement 
from the minimum requirement and a vehicle fitted with such a system would be expected to 
comply with the regulatory requirements with the system deactivated. Thus, in terms of the 
regulatory testing and current EuroNCAP test procedures, pre-crash braking systems such as 
these, which today exist on the market, would be deactivated during the test (see Figure 3). This 
is to ensure that the crash severity of the regulatory test is fixed for all vehicles.  
 
 
 
 

                                                           
1 As used by in the European Homologation System vehicle category M1 are vehicles used for the carriage 
of passengers and comprising not more than eight seats in addition to the driver's seat. 
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Figure 3. Current regulatory route for autonomous pre-crash braking  
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Assessment to the regulatory or consumer tests assures that the vehicle has achieved the 
minimum required level of safety. These tests do not assess the level of safety of a vehicle fitted 
with such a system. Under Article 8(2) of the Framework Directive (see Section 3.3.1), a 
manufacturer would be required to show that the pre-crash braking system worked appropriately, 
i.e. was only activated in the unavoidable crash phase and would not produce false triggering 
which could compromise safety for other road users. In this case, although posing no obstacle to 
regulatory testing (assuming the system was deactivated) the manufacturer would need to prove 
the sensor and actuator systems functioned appropriately. 
 
With regard to the Vienna Convention, described in Section 3.1.4, driver warning and brake assist 
systems are not in conflict with the wording of this primary legislation since the driver remains in 
control of the vehicle and, in the case of brake assist, instigated the braking event. However, pre-
crash braking which involves autonomous braking constitutes taking control away from the driver 
since the decision to apply the brakes of the vehicle is made automatically based on the 
information provided by the sensor systems. However, as discussed in Section 3.1.4, the Vienna 
convention was drawn up long before the advent of such technology, and although such a system 
is in conflict with the wording of the Convention, it could be argued that the principle of the 
Vienna Convention was to ensure safety. If such a system can be shown to improve safety and 
would only be activated in the unavoidable accident phase, then the principle aim of the 
Convention would be upheld. Test evidence submitted to the type approval authority on the basis 
of Article 8(2) of the Framework Directive may be used to demonstrate this, although revision of 
the specific sections of the Vienna Convention is recommended to prevent this barrier to systems 
which can be shown to be safe. 
 

3.4.3 Collision Avoidance 
Systems in development which go a step further and control the braking and steering require 
more complex processing systems which require prediction of the vehicle’s path. It is considered 
that, in the same way as pre-crash braking, systems may be disengaged for the regulatory tests. 
This would allow the minimum level of safety of the vehicle to be assessed at a standard impact 
speed. However, a collision avoidance system is in conflict with the Vienna Convention and it is 
considered that this would require revision before such a system could be introduced. Certainly, 
extensive testing of the sensing system, actuator system and vehicle path prediction would be 
required to ensure that safety for other road users was preserved. 
 

3.4.4 Future regulatory issues 
Although beyond the scope of this report which is specifically addressing existing regulation, 
implications for the future of regulation should be considered. If pre-crash braking systems work 
effectively in reducing the pre-impact speed then should the prescribed impact speed of the 
regulatory frontal impact test be reduced? It is considered that in the near future the benefit of 
pre-crash braking systems should be considered as an additional safety benefit until such time as 
the effectiveness of the sensing and actuator systems can be assured in a wide range of 
representative accident configurations. For this reason, in the case of pre-crash braking, the 
performance of this system should be additional to the crashworthiness protection assured by 
existing frontal impact tests. Furthermore, adaptive occupant restraint systems should be equally 
able to provide protection over a broad range of accident severities and configurations; if this is 
the case, then the level of safety conferred to the occupant may be maximised by performing 
frontal impact tests at the current impact speed. However, further research is required to ensure 
the level of performance of advanced restraint systems over the impact speed range. The 
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introduction of pre-crash braking systems is probably most effectively encouraged via consumer 
testing (e.g. a Primary NCAP scheme) rather than changes to regulation.  
 

3.5 ADVANCED SAFETY SYSTEMS FOR SECONDARY SAFETY  
 

3.5.1 Introduction 
The systems considered here are integrated safety systems which use pre-crash sensing to deploy 
an external secondary safety system, for example a pop-up bonnet, adaptive bumper or external 
airbag, or to prepare the occupant restraint system for the impact. A brief description of the types 
of technology and systems considered as examples is provided below. 
 
Vulnerable Road User protection systems 
With different kinds of sensing technology, vulnerable road users can be detected prior to impact 
and countermeasures like a deployable bonnet, which uses actuator devices to lift the hood at the 
rear edge to give the required bonnet clearance, can be initiated earlier than with contact sensing. 
Pop-up bonnet systems may also be used in conjunction with adaptive bumper or even external 
airbag systems to mitigate the initial impact. Such systems may also be linked with pre-crash 
braking, and in time, collision avoidance (see Section 3.4). 
 
Occupant protection systems 
Pre-crash sensing systems can also provide information to “pre-arm” or “pre-fire” the occupant 
restraint system so that the level of protection offered is as high as possible. Thus, if a safety 
critical situation is anticipated, the belt pre-pretensioners may be activated to increase the 
protection of the vehicle occupants or the seat position returned to a more optimal position in 
terms of protection offered by the restraints. This review has concentrated on so called reversible 
restraints, since these are at the moment the only occupant systems which rely on pre-crash 
sensing technology, as opposed to information provided by sensors in the crash event. 
 

3.5.2 Regulatory Issues 
For these types of system, the relevant Directives and regulations considered were: 

·  Pedestrian Directive 2003/102/EC 
·  Frontal Impact Directive 96/79/EC 
·  Side Impact Directive 96/27/EC 
·  Braking Devices 71/320/EEC 
·  Occupant Protection FMVSS 208 
·  Seat belts and anchorages 74/408/EEC 

 
Additionally, the EuroNCAP test procedures were considered in relation to the implications for 
consumer testing. 
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3.5.3 Pedestrian protection systems 

 

 
 
 
 

Figure 4. Approval route for Vulnerable Road User protection systems 
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The Pedestrian Directive 2003/102/EC contains three principal test procedures each using 
different sub-systems impactors to represent the main phases of a car-to-pedestrian impact.  The 
three impactor types are: 

·  A legform impactor representing the adult lower limb to indicate lateral knee-joint shear 
displacement and bending angle, and tibia acceleration, caused by the contact of the bumper. 

·  An upper legform impactor representing the adult upper leg and pelvis to record bending 
moments and forces caused by the contact of the bonnet leading edge. 

·  Child and adult headform impactors to record head accelerations caused by contact with the 
bonnet top. 

Each impactor is propelled into the car and the output from the impactor instrumentation is used 
to establish whether the energy absorbing characteristics of the car are acceptable.  The whole 
area of the bumper, bonnet leading edge and bonnet top likely to strike pedestrians can be 
assessed by carrying out several tests with each impactor, see Figure 5. 

 

Legform
to bumper

Upper Legform
to bonnet

leading edge

Child Headform
to bonnet

Adult Headform
to bonnet

 

Figure 5.  EC Directive sub-system tests 

 
Thus, the method of testing assumes that the activation of the system is effective. Under Article 
8(2) of the Framework Directive, the vehicle manufacturer would be required to provide evidence 
that the system “works as intended” in order that any advanced system may be tested in the 
deployed state.  
 
For a pre-crash sensor to be effective and able to avoid frequent false triggering (depending upon 
the reversibility of the action taken and the potential negative effect), it needs to be able to 
recognise relevant objects and decide if they are going to be hit.  This decision would need to 
cope with many factors including the vectors of the object under consideration and the car, 
changes in direction of the car and pedestrian and also where on the car the object will make 
contact. 
 
Systems which involve the adjustment of the vehicle ride height to improve compatibility with 
the impacting object or adapt the characteristics of the bumper may be tested to the relevant 
impact Directives. However tests which show that the sensing system correctly classifies the 
impact object may be required to ensure that the level of safety is not inferior to the deactivated 
state. 
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Therefore, considering the situation for advanced vulnerable road user protection systems, the 
identifiable problems associated with compliance with existing regulation are as follows: 
 

1. The Pedestrian Directive 2003/102/EC assumes that, under Article 8(2) of 70/156/EEC 
(see section 3.3.1), the system can be shown to function as intended. This requires tests of 
the sensor, actuator system in order to show that the detection capability of the system is 
appropriate in representative situations; these are exactly the evaluation tests being 
developed by this part of the APROSYS project. 

2. The test tools used in the regulation and consumer tests may not be detected by the sensor 
system. This would require timings for the deployment of active systems to be taken from 
these tests and applied to the regulatory tests shown in Figure 5. 

 
The regulation does not provide specific tests due to the fact that there are multiple technological 
solutions for which different test methods may be appropriate. This is acknowledged in the 
Directive and in cases where advanced safety systems are tested, Article 8(2) of the Framework 
Directive is invoked. The aim of this APROSYS Work Package is to develop generic test 
methods to demonstrate the safety of the system exceeds the minimum requirements of the 
Directive. For systems of this type tested in the UK, manufacturers indicate that the process for 
obtaining type approval was defined in conjunction with the type approval authority and industry 
guidelines on the certification of active systems. 
 
Manufacturers indicate that approval of pop-up bonnets using contact sensing was achieved by 
performing the initial lower leg tests and using the fire times recorded in these tests to activate the 
system at the correct timings for the bonnet headform tests. It is desirable to produce a series of 
tests which can be used for the assessment of systems of this type, since objective assessment of 
the performance of these systems will be required to assess future advances in the performance 
offered by active systems. 
 
The recommended route would be to perform a series of representative tests to demonstrate the 
performance of the sensor system and the actuator system and then perform the regulatory and 
consumer tests in the deployed state. In order to prevent the problem of detection of the test tools 
by the system, timings from the system tests should be used to activate the deployable system at 
the appropriate time. This would be necessary since a pre-crash pedestrian system is highly likely 
to use infrared as part of the detection system and current test tools would not be detected by this 
sensor. 
 

3.5.4 Occupant protection Systems 
Reversible secondary safety occupant systems are considered to have no significant compliance 
issues with the test procedures contained within the frontal and side impact directives or 
EuroNCAP consumer testing, providing that pre-crash sensing is additional to contact sensing 
used by safety systems (i.e. the current situation). The only potential conflict with the test method 
which can be identified is if systems which initiate changes to the restraint system effect the 
positioning of the dummy prior to impact. This is considered to be unlikely, and manufacturers 
would be aware if this was an issue to their particular system and any adjustment is unlikely to be 
forceful enough to affect dummy positioning. Considering reversible secondary safety occupant 
systems, the vehicle is likely to exceed the regulatory minimum without these systems being 
activated. The sensing technology used by the system would have an effect on whether or not the 
impact block in the test is successfully detected prior to impact, and therefore whether or not the 
systems would be activated. However, such systems are likely to be based on radar and therefore 
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this is considered to be extremely unlikely since such structures would be detectable to correctly 
functioning radars. A manufacturer wishing to obtain approval to the frontal and side impact 
Directive would, depending on the specific system, be able to perform these tests as specified 
with the system activated or deactivated. This also applies to the respective EuroNCAP frontal 
and side impact tests. 
 
Although no conflict with the test methodology is likely with reversible occupant systems, a 
manufacturer may be required by the type approval authority to provide sufficient test evidence to 
show that false trigger events do not interfere with driver control. In terms of the scope of this 
task, it is therefore the driver in the loop testing which is most important to these types of 
advanced safety systems. 
 

3.5.5 Future regulatory issues 
In the future, pre-crash sensing may replace some of the current “in-crash” sensing (e.g. 
activation of airbags) and provide the sensing input for all safety systems. However, this is 
considered to be a distant prospect at the current time and, for this reason, the systems activated 
by pre-crash sensing have been considered in this report as providing additional safety over and 
above current systems.  
 

 
Figure 6. Reversible secondary safety systems 
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3.6 SUMMARY 
 
As a summary to the assessment of the current routes to regulatory approval of the generic 
advanced safety systems considered, the table below provides an indication of which tests may be 
required under Article 8(2) of EC Directive 92/53/EEC to achieve compliance to existing 
Directives. Note that these tests developed by APROSYS WP 1.3 could also be used as a basis to 
upgrade the existing Directives so that they are appropriate for the assessment of vehicles fitted 
with advanced safety systems.  
 
The table below provides an assessment of whether or not the current EC Directive test is 
applicable (i.e. if the test method can be used to assess the system) for the type of system being 
assessed. Further detail is provided in the assessment of each generic system type in earlier 
sections of this report. The table then summarises the assessment of the WP1.3 partners regarding 
whether or not (to ensure the minimum level of safety as demanded by article 8(2) of the EC 
Directive 92/53/EEC) additional testing evidence on sensor and actuator performance is required, 
and whether an assessment of the effect of the system on the driver (driver in the loop) is 
required.  
 
Table 2. Are additional tests required under Article 8(2) of Framework Directive in order for a 
system to obtain regulatory compliance? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
2 Car manufacturer is likely to be required to provide this information 

Advanced 
safety 
system 

Directive 
test 
applicable? 

Sensor system 
assessment? 

Actuator 
system 
assessment? 

“Driver in the 
loop” 
assessment? 

Pre-crash 
warning 
 

Yes No No Yes2 

Brake assist No – system 
must be 
deactivated 

No No Yes1 

Autonomous 
Pre-crash 
braking 

No – system 
must be 
deactivated 

Yes Yes Yes 

Collision 
avoidance 

No – system 
must be 
deactivated 

Yes Yes Yes 

Vulnerable 
road user 
systems 

No – requires 
proof to be 
tested in 
deployed 
state 

Yes Yes Yes 

Reversible 
occupant 
systems 

Yes No No Yes1 

Adaptive 
ride height 

Yes Yes1 No No 
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4 Component certification 

 

4.1 INTRODUCTION 
The second objective of sub-task 1.3.1a was to consider whether separate certification testing for 
components (for example, sensors) should be considered in the advanced safety system 
evaluation methodology developed by this sub-project. In order to achieve this, the current 
situation regarding the certification of components with respect to environmental conditions was 
reviewed to determine what performance factors were already assured at the component level.  
 

4.2 RESTRAINT SYSTEMS 
There are no mandatory type approval requirements concerning airbags, However ISO 12097 
prescribes environmental testing for airbags and airbag components which ensure that the 
function of the airbag is assured. There is also nothing specific regarding pretensioners over and 
above what is required of them as part of a seat belt assembly in Directive 2000/3/EC or ECE 
Regulation 16. 

Therefore, although the car manufacturer may source components which comply with these 
requirements, there is no mandatory requirement to do so. 

 

4.3 ELECTRONIC SYSTEMS 
The environmental requirements for vehicle electronic systems are covered by EN 60068.  The 
standard is divided into various parts dealing with a wide range of environmental testing; the 
different parts have been published between 1995 and 2003.  Included in the standard are 
requirements for: 

·  Vibration 

·  Shock loads 

·  Temperature cycling 

·  Water ingress 

·  Humidity 

·  Biological attack 

·  Chemical attack 

 

All of these aspects are important for electronic and electrical equipment fitted to vehicles and 
would apply to pre-crash sensors. It should be noted that these are also non-mandatory 
requirements. 
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4.4 ELECTROMAGNETIC COMPATIBILITY (EMC) 
Electromagnetic compatibility (EMC) is the ability of an electrical or electronic system to operate 
correctly in the presence of electromagnetic disturbances.  Conversely, the level of 
electromagnetic emissions from electric and electronic systems must be controlled in order not to 
interfere with other equipment. EMC testing falls into several categories: 

·  RF emissions. 

·  RF immunity. 

·  Immunity to transients. 

·  Immunity to electrostatic discharge. 

·  Requirements for radio transmitters used in vehicles. 

·  Protection from lightning. 

·  Effects of low frequency electric and magnetic fields. 

These EMC requirements are covered in many standards and RF emissions and immunity are 
addressed by the Automotive EMC Directive, 95/54/EEC. This Directive has been revised and is 
due for publication within the next year.  The Directive currently covers immunity and emissions 
whilst the revised version will include transients.   

Without specific information on the components used in pre-crash sensing it cannot be identified 
whether or not compliance with the EMC requirements would be problematical. However, no 
significant problems are envisaged. 

 

4.5 FUNCTIONAL SAFETY 
IEC 61508 is the international standard for electrical, electronic and programmable electronic 
safety related systems. It sets out the requirements for ensuring that systems are designed, 
implemented, operated and maintained to provide the required safety integrity level (SIL). Four 
SILs are defined according to the risks involved in the system application, with SIL4 being 
applied for the highest risks. The standard specifies a process that can be followed by all links in 
the supply chain so that information about the system can be communicated using common 
terminology and system parameters. 
 
IEC 61508 is currently in a "maintenance phase" culminating in any required changes being made 
to the standard in 2008. This standard would be applicable to automotive safety systems. 
However, whether or not a specific system would comply with the requirements of this standard 
is not known at this stage as more specific system information is required for this assessment to 
be made. 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  25/77 
 

 

5 Review of previous & current research 

5.1 APPROACH 
The influence of advanced safety systems has been addressed in several international (EC, Far 
East and US) and national projects. In these sub-tasks, the results from previous and running 
research programmes have been analysed to provide  

·  An overview of proposed test and evaluation methods for adaptive restraint systems / 
vehicle structures  

·  An overview of test and evaluation methods for remote sensing systems 

·  Accident data, especially in relation to relevant scenarios (or approaches for scenario 
definition) for the evaluation of systems. 

To provide an overview of possible test methods developed by / used in previous and running 
research projects, the following activities were done: 

·  First an overview of projects was made with input of all partners.  

·  Secondly the selected projects were reviewed by different partners. In order to structure 
the review process and make it more objective a template was developed (see Appendix 
1). 

·  As a last step, the results were summarized and discussed. In the discussion attention was 
paid to the downscaling of the complexity of real-world situations into evaluation tests. 
Examples of these are the development of generic scenarios and the definition of 
component tests. 

 

5.2 REVIEWED PROJECTS 
The projects that have been selected for review can be seen in Table 3. In this table the name and 
acronym of the projects are given, together with a short description and an indication of the 
relevance of the project for this work. The templates containing the project reviews can be found 
in Appendix 1. 
 

Table 3: The reviewed projects 

Source Category Relevance 

PRISM 

Proposed reduction of car injuries through improved 
smart restraint development technologies 

Smart restraints Medium 

FMVSS 208 

Federal motor vehicle safety standard 

Sensors and actuators Low 

APROSYS SP6 

Intelligent safety systems 

Sensors and actuators High 

APROSYS SP7 Virtual testing Low 
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Virtual testing 

AIDE 

Adaptive Integrated Driver-Vehicle Interface 

Human machine interfacing n/a 

HASTE 

Human Machine interface and the safety of traffic in 
Europe 

Human machine interfacing n/a 

ISOCARE Child Safety n/a 

CHAMELEON Sensors and actuators High 

SAVE U 

Sensors and system architecture for vulnerable road 
users protection 

Sensors High 

RESPONSE (1, 2 and 3) 

Vehicle automation driver responsibility provider 
liability 

Legal Issues Low 

PReVENT 

Preventive safety 

Sensors and actuators High 

IVI 

Intelligent vehicle initiative 

Sensors and actuators High 

INVENT FAS 

Intelligent traffic and user orientated technology, 
Driver assistance and primary safety 

Sensors Medium 

APVRU 

Advanced protection of vulnerable road users 

Sensors Medium 

 
The relevance of the projects for the APROSYS WP1.3 activities was rated according to the 
following definition: 

·  high relevance if the studies includes both intelligent system development and evaluation 
procedures 

·  medium relevance if the study includes evaluation procedures on system or component 
level (tool development projects) and/or system development (sensor or restraint 
technology, etc.) 

·  low relevance if the study includes only system development (technology development 
projects) 

 
It should be noted that several projects were selected from the APSN overview reports on public 
awareness of safety and on existing groups and networks related to the harmonisation of tools and 
methods for evaluation and assessment of (integrated) safety (APSN, 2005). 
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5.3 FINDINGS 

5.3.1 Sensor and actuator techniques 
From the project reviews the use of different types of technologies (sensor systems and actuator 
systems) for various applications were observed. In Figure 7 the main focus of most reviewed 
projects is shown. In addition, an overview of the sensor- and actuator systems and the 
corresponding application is given in Table 4.  
 

 
Figure 7: The main focus of the reviewed projects  

 

Table 4: The sensor techniques and actuators systems currently investigated 

Field application Sensor techniques  Actuator techniques 
Vulnerable road users Short range radar 

Infrared camera 
Colour video camera 
Stereo video camera 

Driver assistance 
Pre-crash braking 

Occupant safety Short range radar 
Long range radar 
Laser 
Colour video camera 
Stereo video camera 
LIDAR3 
Pressure pads 
3D camera 

Adaptive restraints 
Structural measurements (e.g. 
stiffer door structure) 
Adaptive airbags 
Driver warning systems 
Adaptive cruise control 
Advanced safety braking 
Human Machine Interfacing 

 
                                                           
3 LIDAR (Light Detection and Ranging; or Laser Imaging Detection and Ranging) is an optical remote 
sensing technology to determine distance to an object or surface. The distance to an object is determined by 
measuring the time delay between transmission of a pulse and detection of the reflected signal. 
 

 
Environmental sensor system 
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In Table 4, sensor and actuator technologies have been divided into their 2 main application areas 
namely the protection of vulnerable road users (projects SAVE-U, APVRU and INVENT) and 
the protection of occupants (projects PReVENT, PRISM, APROSYS, IVI). For the sensor and 
actuator systems investigated in the reviewed projects, the sensors can be divided into systems 
that scan the external environment and sensor used internal in the car. Here it should be noted that 
activities in WP1.3 focus on advanced vehicle safety systems that employ remote sensing 
systems. For the actuators a separation can be made between crash avoidance/mitigation and 
injury minimisation.  
 
From Table 4 it can be seen that currently a number of different systems are being investigated 
and developed. Several roadmaps related to the technology readiness of various vehicle safety 
and comfort systems are available from literature. An example developed by IKA/FKA (Institut 
für Kraftfahrwesen/Forschungsgesellschaft für Kraftfahrwesen) for Advanced Driver Assistance 
Systems (ADAS) is shown in Figure 8. This roadmap shows a timeline for the introduction of the 
various systems.  
 

 
Figure 8: Technology roadmap for ADAS systems developed by FKA 

 
Although it should be noted that the timeline in Figure 8 is indicative, it can be seen that the 
systems currently available are risk reducing systems rather than crash avoidance systems. In 
addition, it can be seen that especially active pedestrian protection systems (by collision 
avoidance) are still later in time whereas other systems, such as autonomous emergency braking, 
are thought to be introduced earlier in time. 
 

5.3.2 Sensor and actuator evaluation 
In several projects the advanced safety systems were not only developed, but also evaluated. The 
most complete evaluation scheme was found in the PReVENT subprojects APALACI and 
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COMPOSE. In these projects, the evaluation methodology as developed in the CONVERGE 
project was developed further (PReVENT, 2006). This methodology can be seen in Figure 9.  
 
The methodology starts with the development of ‘use cases’ that have been derived from accident 
analysis studies. These user cases are used to develop a set of generic scenarios. In these 
scenarios, the independent variables and the key-indicators are defined. From these generic 
scenarios the tests are specified for each specific system which requires evaluation. 
 
For the evaluation of the system performance the scenarios do contain collisions, near-collisions, 
near misses and real traffic tests to evaluate respectively scenarios in which the system should act, 
scenarios in which the system should not act, and the false alarm rate.    
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Figure 9: The CONVERGE evaluation methodology used in the PReVENT project. 

 

User cases and scenarios 

Description of applications / 

systems with respect to validation 

Formulation of high level assessment 

objectives (increase traffic safety) 

Choice of assessment category 

Choice of evaluation methods 

Definition of expected impacts 

(pre-assessment) 

Formulation of experimental assessment 

objectives (reduce speeding) 

Study design 

Technical & performance 

Impact (e.g. safety) 

User acceptance (incl. HMI) 

Legal / institutional 

Statistics 

Measurement plan 

Indicators 

Reference case 

Data collection 

Measurement conditions 
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In most other reviewed projects no such a global methodology was found. However, although no 
complete evaluation methodology was available, in most of the projects parts of such a 
methodology were used and these were addressed in more detail. In those cases (SAVE-U, 
INVENT, APROSYS) a phenomena called “downscaling of complexity” was observed. This 
downscaling was found in several ways: 

·  The development of generic accident scenarios. Especially in APROSYS and INVENT 
attention was paid to the development of the generic scenarios as they have been based 
on accident data analysis. 

·  The development of component tests for the evaluation of a part of the complete system 
during the development process. A general approach found in the INVENT project and in 
APROSYS SP6, is that the sensor systems and the actuator systems are tested separately 
at first instance. 

·  The development of an evaluation tool to show the system performance in a simplified 
manner. An example here is the DASS system developed by IEE and Siemens in which 
the sensor and the actuator performance are evaluated separately. 

 
In the next sections, each of the above mentioned issues are further explained with an example.  
 
In addition especially the RESPONSE projects investigated the non-technical issues related to the 
introduction of ADAS systems. In particular this contains human factors and legal issues. The 
latter are already part of the work performed in T1.3.1a. 
 

5.3.3 Development of generic scenarios 
In INVENT and in APROSYS SP6 generic accident scenarios have been developed. An analysis 
of accident data was performed on two different levels: 

·  General accident statistics to identify the most relevant accident types. In case of the 
APROSYS SP6 project side-impact was identified as most relevant using the accident 
database from the National Highway Traffic Safety Administration (NHTSA) and the 
European Accident Causation Survey (EACS).  

·  In-depth accident analysis to obtain more detailed information about typical collision 
parameters as impact angle and collision speed.  

 
From the results obtained from both the general and the in-depth accident analysis, several typical 
generic accident scenarios were developed. These generic scenarios formed the basis for the 
evaluation tests. The scenarios contained a layout of the scene and the initial positions of the 
different objects (like the approaching car and a pedestrian). In both cases a range of scenarios is 
considered addressing different settings of relevant parameters (see e.g. Appendix 2). Typical 
parameters can be divided in: 

·  Scenario related parameters (road width, radius of the curve) 
·  Object related parameters (velocity/acceleration profiles, human reaction time) 

 
An example of a generic scenario developed in INVENT is provided in Figure 10. An overview of 
the generic scenarios found in the INVENT project was added in Appendix 2. Note that velocity 
profile distributions for the vehicle and the pedestrian are given.  
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Figure 10: An example of a generic accident scenario for a vehicle-pedestrian accident. 

 

5.3.4 Development of component tests 
In INVENT the sensor evaluation tests and the actuator evaluation tests were treated separately. 
Also in APROSYS SP6 (deliverable 6.1.7; Oostendorp, 2005) it was proposed to test the sensor 
system and the actuator system separately, before testing the complete system. The general idea 
behind this was that: 

·  The performance of the sensor system including the decision algorithm could be 
evaluated with relatively simple and non-destructive tests. Since those tests are non-
destructive, a number of different scenarios could be tested. 

·  The performance of the actuator is evaluated assuming a correctly working sensor system 
and decision algorithm. In this case the sensor system itself is not needed, but the actuator 
is triggered at a certain time. Depending on the type of actuator system, the evaluation 
tests can be either non-destructive in the case of a crash avoidance system or destructive 
in case the system is developed for injury reduction.  

 
As an example the APROSYS SP6 proposal is explained in more detail below. In SP6, an active 
side impact protection system is being developed such that the vehicle equipped with the actuator 
can withstand a side impact better resulting in lower intrusion and an increased time between 
door-occupant interaction. The sensing system makes use of a radar sensor and a stereo video 
system. The actuator is a mechanical device that will lock the door to the vehicle structure. 
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As proposed by Oostendorp (2005), the following tests will be performed as a first evaluation of 
the developed system. For the sensor system, the testing is based on: 

·  Whether targets (potential dangerous objects) are correctly identified and 
·  How accurate the system can predict collisions. 

 
To identify if targets are correctly identified the following tests are proposed: 

·  A stationary sensing system with a target vehicle moving from behind a wall. This test is 
to evaluate how well the sensing system is able to identify a new target that suddenly 
pops-up behind another (large) object. 

·  A stationary sensing system with multiple (two) targets approaching the sensing system 
with a different speed. With this test it is evaluated how well the sensor system is able to 
cope with multiple targets and can distinguish between potentially dangerous and 
irrelevant objects. 

·  A moving vehicle equipped with the sensing system and a moving target vehicle 
approaching the sensing vehicle under an impact angle of 60 degrees. 

·  A barrier/pole test according to the EuroNCAP protocol for side impact. Here it should 
be noted that the tests will be altered to avoid the actual impact as the test is only meant 
to evaluate the sensing system performance. 

 
To evaluate the actuator system, only one destructive test is performed in this case as the actuator 
is developed for injury reduction. The test proposed is a full scale crash test with a barrier or a 
pole. In this test, the vehicle will be stationary to reduce the complexity. In addition to this test, 
simulations will be performed to evaluate the influence of parameters on the performance of the 
actuator system.  
 

5.3.5 Development of evaluation tools 
The development of tests for the evaluation of sensor and actuator systems is clearly linked to the 
generic scenarios on the one hand. On the other hand it is also linked to the availability of test 
tools and equipment. And as especially the type of sensors is different from the ones used for 
current secondary safety measures, new evaluation tools were developed in several projects. 
Below one example is shown regarding occupant classification related to FMVSS208.   
 
FMVSS208 currently includes a proposal on differentiated airbag deployment strategies 
dependent upon the occupant size. The occupant class and the position of the occupant should 
influence if and how the airbag is deployed. This is a typical example were the evaluation of the 
sensor system that should detect the occupant class and position could be separated from the 
actuator action (firing the airbag). 
 
Based on this, several companies (IEE, TRW, Siemens VDO and Bosch) developed a dynamic 
out of position (OOP) test tool named DASS (Dynamic Automatic Suppression Strategy; See 
Figure 11). This tool could be used to certify the sensor system performance of dynamic occupant 
detection systems in vehicles. 
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Figure 11: The developed DASS test tool 

 

5.4 DISCUSSION 
From the results of the project review, a very basic approach is identified that is generally used 
for the development of evaluation tests. This basic approach can be seen in Figure 12. 
 
 
 
 
 
 
 
 
 

Figure 12: The basic approach for the development of generic scenarios 

 
In most cases, first a choice is made for which type of collisions a system should be effective. 
This could be vehicle-to-vehicle collisions, but also vehicle-to-pedestrian collisions. Afterwards 
an analysis of accident data is performed on two different levels: 

·  General accident statistics to identify the most relevant accident types. The used accident 
databases generally contain a large number of accidents but with little detail. 

·  In-depth accident analysis. As the relevant accident type is selected, more detailed 
information about typical collision parameters as impact angle and collision speed are 
distracted from in-depth accident databases.  

 
From the information of the accident analysis the generic scenarios are developed that are 
relevant or typical for the chosen collision type. The scenarios contain information about the 
environment and about the different objects involved in the crash. Relevant parameters, e.g. 
velocity, with typical values and ranges are provided. 
   
As these scenarios are generalised, it is relatively easy to translate them into test methods for the 
evaluation of various systems, taking into account the existing techniques suitable for evaluation. 

Accident analysis: 
statistics and in-depth 

System application 
(e.g. side impact) 

Generic scenarios Evaluation tests 

Available techniques 
(e.g. full scale tests) 
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In the tests, objects will be used to simulate typical real world objects like cars or pedestrians. As 
different sensors systems will use different properties of the objects, it should be considered that 
the used objects have a realistic appearance w.r.t. the sensing system. For pedestrians the 
appearance is already studied in the SAVE-U project. See Viel et al. (2002) for more details. 
 
The CONVERGE evaluation method as used in the PReVENT project also seem to comply 
largely with the basic approach described above. However the CONVERGE approach is more 
detailed and although the methodology is focussed on system development it seems a useful 
methodology that should be taken into account in the further APROSYS WP1.3 work. 
 
As can be seen in the previous chapter the method to separate the sensor evaluation from the 
actuator evaluation is already used in several projects as well as in International regulations (e.g. 
the rollover evaluation approach proposed by NHTSA where sensor performance is tested 
separately from restraint actuator performance. See www.nhtsa.dot.gov for more information). 
The advantage of such an approach is that the sensor evaluation can be performed using non-
destructive tests and therefore can be relatively cheap. In case of pre-crash braking or even crash 
avoidance it is more difficult to evaluate the sensing system and the actuator system separately 
though. In the SAVE-U project a small evaluation was performed with the complete system, 
including the sensing and the actuator system. In the other projects currently reviewed no detailed 
information was found. Therefore, it should be carefully considered how to evaluate such 
systems. An extensive evaluation could for instance be done separately for the sensing system, 
whereas the actuator is tested only for some specific scenarios using the complete safety system.  
 
Especially in the PRISM project, virtual testing was extensively used to evaluate the influence of 
the relevant parameters in the performance of current and future restraint systems. Also in 
APROSYS SP6, a virtual testing study (PreScan sensor simulations) was performed to identify 
the relevant parameters of the generic scenarios. Therefore it is thought that virtual testing can 
play a significant role, especially during the development of the evaluation methods for specific 
systems. Similar to the usage in PRISM and APROSYS SP6, virtual testing could be used to 
evaluate which scenarios are useful and for the identification of the relevant parameters. 
 
Additionally the aim of the future regulations regarding primary safety systems should be 
considered: 

·  If the intention is to maintain the current overall level of protection offered by car, a car 
manufacturer could potentially use primary safety systems that partly replace the 
secondary safety systems. For example if a car is equipped with brake assist, the average 
collision velocity will be reduced and therefore the lower quality secondary safety 
systems could be used.   

·  If the aim is to increase the level of protection of a car, it will probably still require the 
current level of protection offered by secondary safety systems. In this case the primary 
safety systems will not replace the secondary safety systems, but will increase the overall 
level of protection offered by a car. 
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6 Conclusions 

 

6.1 REVIEW OF REGULATIONS 
 
In general, Article 8(2) of the Council Directive No 92/53/EEC (amendment of Directive 
70/156/EEC), prescribes that if technologies or concepts are incompatible with separate 
directives, the Member State should provide a report containing: 
 

·  The reason why the technologies prevent the vehicle or component from complying with 
the requirements of the relevant(s) Directive(s) 

·  A description of the areas of safety and environmental protection concerned and the 
measures taken 

·  A description of the tests and their results that demonstrate at least an equivalent level of 
safety and environmental protection as is provided by the requirements of one or more of 
the relevant separate Directives 

·  Proposals for amendments to the relevant separate Directives or new separate 
Directive(s) as applicable. 

 
In the case of systems involving pre-crash sensing, a modification of the vehicle behaviour or 
safety system is made. This adjustment of the system generally requires the proof that the sensor 
and actuator system function as intended. Thus, tests of the sensor, actuator, and the effect on 
safety of false triggering are required for most systems employing pre-crash sensing. This is the 
case for advanced pedestrian systems. In the case of some advanced safety systems, for example 
reversible occupant systems, it is considered that these would function in existing regulatory and 
consumer crash tests. Furthermore, the level of safety offered would be in excess of the minimum 
requirement even if these systems were deactivated – i.e. these systems provide additional safety 
over and above the regulatory minimum requirement However, “driver in the loop” tests are 
important to these technologies, since they will ensure that any false trigger events do not 
compromise the actions of the driver. 
 
For autonomous pre-crash braking there is a specific compliance issue with all legislative and 
consumer crash tests because such a system would reduce the impact speed prescribed. In this 
case, the pre-crash braking should be deactivated for the regulatory test and further tests to 
demonstrate the system function and safety carried out to prove that the sensing and activation of 
the system is appropriate and that the activation of the system only occurs in the unavoidable 
accident phase. Systems which take control of the car away from the driver are also in conflict 
with at least some interpretations of the wording of the 1968 Vienna Convention. 
 
At present, it is considered that pre-crash braking systems should be classed as systems providing 
“additional safety” and a vehicle fitted with such a system should be tested with the system 
deactivated against the existing frontal impact test specification, However, in the future, pre-crash 
braking systems may remain activated in regulatory tests, resulting in a reduction of the impact 
speed, providing the systems have been be shown to function effectively and reliably and that 
sufficient research has been conducted on the implications for secondary safety and the 
interaction of vehicles not equipped with pre-crash braking systems. 
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For collision avoidance systems, there are also significant problems for compliance with all 
legislative crash tests. Vehicles with such systems would need to be tested to the regulation with 
the system deactivated and, as described above, separate testing carried out to assure system 
function and safety. 
 
Primary legislation, such as the wording of the Vienna Convention, provides a barrier to the 
development of autonomous pre-crash and collision avoidance systems. The content of the 
relevant sections of this convention require amendment in order to allow the principle of 
advanced safety systems which take control away form the driver, providing that the safety 
implications of this actions can be scientifically justified using an agreed test methodology. 
 
As a summary to the assessment of the routes to current regulatory approval of the generic 
advanced safety systems considered, the table below provides an indication of which tests may be 
required under Article 8(2) of EC Directive 92/53/EEC to achieve compliance to existing 
Directives. These additional tests are currently required but the evaluation methodology or 
requirements are not defined. This is the purpose of the APROSYS WP 1.3 group; to develop a 
clear and widely accepted evaluation methodology for such systems. In the future, it is envisaged 
that these tests could be used as a basis to upgrade the existing Directives so that they are 
appropriate for the assessment of vehicles fitted with advanced safety systems.  
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Table 5. Are additional tests required under Article 8(2) of EC Directive 92/53/EEC in 
order for a system to obtain regulatory compliance? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

6.2 COMPONENT CERTIFICATION 
There are no legal requirements for the environmental testing of sensor or actuator components, 
with the exception of EMC requirements which are covered by a specific EC Directive, although 
there are standards which are applicable for function after exposure to extreme conditions and for 
the assessment of functional safety of programmable electronic devices.  In order that the safety 
of a pre-crash sensing system is shown to function effectively, it must be tested under a range of 
conditions to ensure that the quality of the sensor information is not affected by in-use 
environmental conditions against a well-defined acceptable false alarm level for advanced safety 
systems, specifically in relation to the function and intended use of these safety systems. 
Furthermore, the sensor system must be unaffected by other vehicles fitted with emitting sensor 
systems. It is recommended for the future to consider whether or not such tests should be added to 
the evaluation tests of the complete system developed by WP1.3 and how much should be the 
responsibility of the “due care” of the manufacturer. 
 

                                                           
4 Car manufacturer likely to be required to provide this information 

Advanced 
safety 
system 

Directive 
test 
applicable? 

Sensor system 
assessment? 

Actuator 
system 
assessment? 

“Driver in the 
loop” 
assessment? 

Pre-crash 
warning 
 

Yes No No Yes4 

Brake assist No – system 
must be 
deactivated 

No No Yes1 

Autonomous 
Pre-crash 
braking 

No – system 
must be 
deactivated 

Yes Yes Yes 

Collision 
avoidance 

No – system 
must be 
deactivated 

Yes Yes Yes 

Vulnerable 
road user 
systems 

No – requires 
proof to be 
tested in 
deployed 
state 

Yes Yes Yes 

Reversible 
occupant 
systems 

Yes No No Yes1 

Adaptive 
ride height 

Yes Yes1 No No 
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6.3 REVIEW OF PREVIOUS & CURRENT RESEARCH 
In this review, the focus was on the technology used previously related to the evaluation of 
primary and secondary safety systems. As most projects focus on the development of the sensor 
and or actuator technology, only little information was found containing a significant amount of 
evaluation work. In the PReVENT project an evaluation methodology developed in the 
CONVERGE project is used, which useful for the development of the WP1.3 generic evaluation 
method. In the other projects the use of a basic general method, depicted in Figure 12, for the 
development of test methods has been observed. Based on the accident data, typical scenarios are 
defined and those scenarios are translated into test methods. This downscaling of complexity is 
done to have simplified situations that are still representative of typical real-world accidents and 
that can be assessed with test tools to evaluate the performance of the safety systems. To have a 
broader basis for the definition of relevant scenarios a European accident database is required. 
 
Apart from the development of generic scenarios the use of component tests was observed in 
several reviewed projects. In this way the performance of the sensing system and the actuator 
system are evaluated separately, however, this also depends on the type of systems to be 
evaluated. 
 
From the PRISM and the APROSYS SP6 project it was seen that numerical simulations could be 
used, mainly to evaluate the relevance of the various scenarios and the parameters for specific 
safety systems. In addition, numerical tools could be used to help assess new systems that are not 
covered by today’s assessment tools (e.g. human models might be a valuable tool in assessing 
safety systems that adapt to one specific occupant). 
 
In APROSYS WP1.3 the next steps are to develop a general method for the evaluation of 
advanced safety functions. Based on the information available from this review it is 
recommended to follow the general process as depicted in Figure 12. However it should be noted 
that compared to the evaluation methods in the reviewed projects, for a generic evaluation 
method other key indicators of the complete system are relevant. These key indicators should be 
defined, depending on the examined system.  
 
Of course it should not only take into account the test tools currently available, but also identify a 
possible need for new test tools that are currently not available. In the development of the 
evaluation methods it also should be considered to separate the evaluation of the sensing system 
from the evaluation of the actuator system, depending on the system functionality. 
 
The APROSYS SP6 work and the work within PReVENT seems closely related to the work 
performed in WP1.3 As the work in APROSYS SP6 is still continuing and within PReVENT a 
new sub-project PReVAL is currently defined which relates to the assessment of the benefit of 
advanced safety systems, it is recommended keep a clear link with the work performed in 
APROSYS SP6 and PReVENT.  
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Appendix 1: Review results 

Category: Human Machine Interfacing 

Acronym: AIDE 
Full name: Adaptive Integrated Driver-Vehicle Interface 

Type: EC 6th Framework Integrated Project 
Topical categories: Human Machine Interfacing 
Location/scope: Europe 
Established in : March 2004 
Members/partners: VTEC, CRF, REGIENOV, BMW, DC, PSA, SEAT, Volvo, Ford, 

Opel, JRC, VTT, DIBE, TNO, VTI, INRETS, CERTH/HIT, ICCS, 
BASt, CIDAUT, Un. Leeds, Un. Linkoeping, Un. Stuttgart, Bosch, 
Motorola, Ertico, Scansoft, Telenostra, CTAG 

Relevance for WP1.31) 
Medium; project deals with active safety (HMI) 

Objective/mission: - Design and evaluation of integrated adaptive driver-vehicle 
interface 

- Three SPs, of which one (SP 2, leadership TNO, industrial vice-
leader BMW) deals with evaluation and assessment of 
(prototype) systems 

Overall Activities: In SP2: 

- Development of evaluation scenarios 

- Development of workload and distraction measurement for off-
line evaluation 

- Development of risk estimates on the basis of behaviour and 
driver state parameters 

Type of systems 
investigated/tested 

All (generic design) 

Proposed design 
guidelines (if applicable) 

Own development within project 

Proposed code of 
practice (if applicable) 

N/A 

Proposed evaluation tests 
(if applicable) 

Three prototype vehicles will be evaluated in last year of project 
within SP 2 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

On the basis of use cases 

Proposed assessment 
criteria (if applicable) 

In terms of driver behaviour, workload, distraction, and the accident 
risks associated with them 
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(Contact) address: TNO Human factors 
Dr. Wiel Janssen 
T: +31 (0) 346 3 56325 
E: wiel.janssen@tno.nl  

Web site: www.aide-eu.org 

Reported by: TNO 
 

Category: Sensors and actuators 

Acronym: APROSYS SP6 Intelligent Safety Systems 
Full name: Advanced PROtection SYStems 

Type: Integrated Project funded by the European Commission in the 6th 
framework (Thematic priority: 1.6.2 Sustainable Surface 
Transport) 

Topical categories: Sideward looking pre-crash system and test methodology 
development 

Location/scope: Europe 
Established in : April 2004 – March 2008 
Members/partners: Siemens VDO, Faurecia, Fraunhofer, Daimler Chrysler, Cidaut, 

IST, WUT, TNO 

Relevance for WP1.31) 
High 

Sensing systems and algorithms and actuators will be developed 
and evaluated. Evaluation methods will be developed. 

Objective/mission: APROSYS SP6 aims to: 

·  Set up a side pre-crash protection system with sensors, 
algorithms and actuators, since such a system is believed to 
have a great potential in reducing road traffic fatalities 

·  Develop generic test methods for the design and validation 
of pre-crash sensing systems. This includes methods to 
evaluate crash and near crash situations as well as normal 
driving conditions.  
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Overall Activities: Development and validation of a side pre-crash impact protection 
system. The SP is divided in the following WP´s reflecting the 
work flow: 

WP6.1: System definition. This includes the definition of the main 
specification of the pre-crash system and the definition of relevant 
scenarios. 

WP6.2: Sensor systems. In this WP the focus is on the 
development of a dedicated sensing system, including algorithm 
development. 

WP6.3: Actuators. This includes the development of a suitable 
actuator prototype system (smart door module).  

WP6.4: System integration. In this WP the integration of the 
components developed in WP6.2 and 6.3 into a car body and an 
experimental car. It includes the development of control 
algorithms. 

WP6.5: Testing. This WP involves the development of generic test 
methods on component level as well as on system level, focussed 
on the design and evaluation of pre-crash systems for crash, near 
crash situations and normal driving situations. Possibilities for 
standardisation will be evaluated. Actual test will be conducted 
with the developed car body and the experimental vehicle. 

Type of systems 
investigated/tested 

Sensing system consisting of  

·  24 GHz radar subsystem 

·  Visible light camera subsystem (including image 
processing’ 

Actuator system based on 

·  Reduction of door intrusion by stiffening the structure 
and limiting the relative door movement 

·  Reduce occupant interaction with the car interior by 
energy absorbing measures 

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 

Proposed evaluation tests 
(if applicable) 

Set of crash, near crash and normal driving conditions using both a 
car body and an experimental vehicle. Test will be conducted in 
laboratories, test tracks and real traffic.  

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Proposed (accident) scenarios to be evaluated defined in WP6.1 are 
90° car to car, 60° car to car and a pole impact  
(See deliverable D6.1.7 for more details) 

Proposed assessment 
criteria (if applicable) 

n/a (Should be developed in WP6.5) 
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(Contact) address: Siemens VDO Automotive AG  
Dr. Joachim Tandler 
T: +49 (0) 8382/9498-202 
E: joachim.tandler@siemens.com 

Web site: www.aprosys.com 

Reported by: TNO 
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Category: Virtual testing 

Acronym: APROSYS SP7  
Full name: Advanced PROtection SYStems Sub-Project 7: Virtual Testing 

Type: EC 6th framework Integrated project 
Topical categories: Virtual testing 
Location/scope: Europe 
Established in : Project started in 2004 
Members/partners: MECALOG, TNO, CRF, CIDAUT, CIC, TUG, Polito, IST, FhG, 

Regienov, FAURECIA, IFTR 

Relevance for WP1.31) 
high / medium / low  

Project is mainly focussed on numerical simulation techniques for 
passive safety, but aspects as evaluation tool development and 
virtual testing procedures are interesting for WP1.3. 

Objective/mission: It is generally acknowledged that simulation technologies have 
become a major instrument in the improvement of occupant and 
pedestrian safety evaluations of road vehicles and their consequent 
design. However, lack of regulated procedures for evaluations and 
off-the-shelf models is still a challenging obstacle in order to 
extend the range of its applications to real world accident 
scenarios. Thus still more powerful tools are needed in order to 
attain the objectives of reducing drastically the number of fatal and 
disabling road accidents. 

It is a common belief that experimental assessment crash 
evaluation programmes such as EuroNCAP have contributed 
effectively to the improvement of current passenger vehicles. The 
Virtual Testing sub-project has the ambitious objective of paving 
the way for similar breakthroughs with much more flexibility and 
diversity, due to the cost-effective and non-destructive nature of 
computer simulations of real world accident scenarios. 

Overall Activities: WP7.1: advanced numerical modelling technology 

WP7.2: analysis of real world scenarios via exploratory techniques 
and dispersion analysis (virtual testing methods) 

This includes robustness of simulations, scatter and human 
modelling 

WP7.3: development of new simulation related technologies and 
user-friendly tools (virtual test tools) 

This includes the development of evaluation tools and criteria. 

WP7.4: integration of virtual testing procedures in regulatory test 
procedures 

This WP still has to be specified in more detail 
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Type of systems 
investigated/tested 

Numerical models of vehicle structures and dummies 

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 

Proposed evaluation tests 
(if applicable) 

Virtual evaluation of crash tests 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Scenarios based on lacks in current regulatory and consumer tests  

Proposed assessment 
criteria (if applicable) 

n/a 

(Contact) address: TNO Science and Industry, B.U. Automotive 
Ms. Carolien Buter 
T: +31 04026  52606 
E: carolien.buter@tno.nl  

Web site: www.aprosys.com 

Reported by: TNO 
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Category: Sensors 

Acronym: APVRU  
Full name: Advanced Protection of Vulnerable Road Users 

Type: DTI Foresight Vehicle  
Topical categories: Sensors, data fusion 
Location/scope: UK 
Established in : Project started in 2000 
Members/partners: TRL, Jaguar Cars, Irisys, University of Surrey 

RelevanceforWP1.31) 
high / medium / low  

Development of appropriate VRU sensor system and fusion of data to 
produce hot-body tracking system. Evaluation of sensing system using 
“appropriate VRU interactions” not a defined evaluation procedure 

Objective/mission: The overall aim of the APVRU project was to develop and test an on-
board sensor system capable of detecting a vulnerable road user and 
distinguishing them from the road environment. To prove the concept, 
it was necessary for the system to track the position of the vulnerable 
road user over time relative to the test vehicle and to predict the 
probability of the point of impact. The project also examined the 
potential applications of the sensor data and identified problems which 
need to be overcome before a similar system could be implemented. 

Overall Activities: Phase Description 

1 Investigation into accident statistics, human factors 
and existing technology study. Integration of existing 
research programmes. 

2 Development of system specification, test procedures, 
'test tools'. Component level testing. 

3 Software development and System testing   

4 System evaluation on test vehicle 

5 Demonstration of system and dissemination of 
findings  

Type of systems 
investigated/tested 

Sensor literature review. Infrared and radar sensors tested 

Proposed design 
guidelines (if 
applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 

Proposed evaluation 
tests (if applicable) 

Evaluation tests based on accident data 

Proposed (approach for 
the selection of) 
scenarios  (if 
applicable) 

Evaluation scenarios based on accident data  



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  48/77 
 

Proposed assessment 
criteria (if applicable) 

No assessment criteria other than detects/does not detect was 
considered 

(Contact) address: TRL 
Mr Mike McCarthy 
T: +44 1344 770199 
E: mmccarthy@trl.co.uk 

Web site: www.trl.co.uk/aprvu 

Reported by: TRL 
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Category: Pre-crash sensing 

Acronym: CHAMELEON 
Full name: PRE-CRASH APPLICATION ALL AROUND THE VEHICLE 

Type: Project funded by the European Community under the Information 
Society Technologies Programme 

Topical categories: Pre-crash sensing system development and tests 
Location/scope: Europe 
Established in : January 2000 - March 2003 
Members/partners: CRF, PCA, PORSCHE, REGIENOV, VOLVO, CONTI-TEMIC, 

IBEO, SAAB BOFORS, THALES, TAMAM-IAI, CSST, EICAS, 
IKA 

Relevance for WP1.31) 
High 

Development of application and overall evaluation. 

Objective/mission: CHAMELEON project aims to develop and evaluate a pre-crash 
system for vehicles,  able to detect an imminent impact with high 
reliability. The following specific objectives have been considered: 

· To define a system concept for this new function, exploring 
how to link preventive and passive safeties in order to obtain an 
added safety value; 

· To investigate the sensor requirements, identify the most useful 
technologies, develop and test suitable sensor solutions; 

· To define what type of information should be delivered to the 
passive safety systems and especially the correct timing before 
the crash; 

· To evaluate effectiveness of a pre-crash system, analysing 
advanced solutions for restraint systems. 

Overall Activities:    1) Improvement of existing  ADAS sensors  particularly in term of 
range, data rate, and capability to track close objects.   

   2) Development of crash prediction algorithms,  able to estimate 
when a risky situation is about to turn into an unavoidable crash, 
with suitable advance time but maintaining an acceptable 
reliability. 

   3) Realization of a demonstrator vehicle, based on a mid size 
passenger car 

   4) Definition of specific test procedures, based on ‘non-destructive’ 
methods, such as: dummy obstacle, crash facility, virtual crash  

   5) First analysis of safety effectiveness. 
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Type of systems 
investigated/tested 

a) Prototypes of advanced sensor solutions for the pre-crash 
have been developed and tested:  
®  A compact multi-beam laser with high update rate (100 

Hz); 
®  A short range radar at 24 GHz;  
®  A 77 GHz radar complementary to the ACC sensor;    
®  A laser scanner  with wide field of view (270º) and 

precise distance measurement (few cm); 
 

b) Crash prediction algorithms have been developed and 
tested, delivering predictions of the time to impact  and of the 
impact speed and position: 
®  A first approach using the laser scanner data and the car 

longitudinal and yaw rate measurements; 
®  A second approach based on all the radar and laser sensors, 

with a crash prediction for each of them. 
Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

      n/a 

Proposed evaluation tests 
(if applicable) 

� Reconstructed static and dynamic scenarios for basic sensor  
tests;  

� track tests: near miss manoeuvres with other vehicles;  
� track tests:  collisions and near-miss situations with a dummy 

obstacle;  
� crash test facility: situations almost coming to a crash  with 

very high decelerations; 
� virtual crash: computer simulation of crash scenarios using 

real world sensor data  
� driving in ordinary traffic (false alarm evaluation). 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Collisions (dummy obstacle) and near miss situations to assess 
performances; 
Virtual crash focused on processing algorithms; 
Driving in ordinary traffic to evaluate false alarms. 

Proposed assessment 
criteria (if applicable) 

The following parameters have been defined in the Chameleon 
project as the relevant outputs from the pre-crash system: 
� crash alarm flag, 
� time to crash,  
� impact relative speed,  
� impact location and angle,  
� object type.  
Look ahead time, accuracy of the prediction and the handling of 
complex scenarios are basic criteria to be considered.  
Reliability and false alarm rates are also key aspects for the 
assessment. 

(Contact) address: Giancarlo Alessandretti 
T: n/a 
E: n/a 

Web site: n/a 
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Reported by: CRF 
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Category: Sensor and actuator 

Acronym: FMVSS 208 
Full name: 49 CFR 571.208 Occupant crash protection 

Type: Federal motor vehicle safety standard 
Topical categories: Testing of vehicles and restraint systems 
Location/scope: USA 
Established in: 1971, regular actualisation (last September 2005) 
Members/partners: US-Government 

Relevance for WP1.31) 
Low 

Safety standard is only focussed on occupant loads 

Objective/mission: Reduction of the number of fatalities and the severity of injuries by 
specifying vehicle crashworthiness requirements in terms of forces and 
accelerations measured on anthropomorphic dummies in crash tests and 
specifying equipment requirements for active and passive restraint 
systems. 

Overall Activities: Occupant protection in frontal impacts 

Load reduction of small adults and children in airbag deployments (In 
Position and Out of Position) 

Type of systems 
investigated/tested 

Vehicle structure 
Restraint systems including occupant classification in static and dynamic 
tests with automatic suppression feature or low risk deployment or    
dynamic automatic suppression system 

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 

Proposed evaluation tests 
(if applicable) 

Dynamic barrier tests: Measuring of biomechanical loads of occupants in 
different test configurations  
Static airbag deployment tests: Verification of function of optional 
restraint system features in injury relevant and not injury relevant 
occupant position 
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Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Dynamic barrier tests: Different test configurations in standard seating 
position (In Position)  

Deformable 
offset barrier

40% offset

± 30° 0° 0°/± 5° 0°/± 5° 0°

5% female - -
40 kph 

unbelted
48 kph 
belted

40 kph 
belted

50%-male
40 kph 

unbelted
48 kph 
belted

- - -

5% female - - -
56 kph 
belted

-

50%-male -
56 kph 
belted

- - -

Phase 2 
(sept. 2007)

Dummy

Dynamic crash configurations

Rigid wall

100% offset

Phase 1

 

Static airbag deployment tests: Reaction (activation, deactivation or low 
risk deployment) of restraint systems depending on option, dummy size, 
seating position or dummy motion  

Option 2 Option 3

Dynamic 
automatic 

suppression 
system

Deactivation Activation Deactivation

Newborn
1 position + 

variaton
- - -

12-month child
2 positions + 

variation
- -

1 position + 
variaton

3-year child
11 positions + 

variation
-

not yet 
specified

2 positions + 
variation

6-year child
6 positions + 

variation
-

not yet 
specified

2 positions + 
variation

5%-female -
2 positions + 

variation
not yet 

specified
2 positions + 

variation

Low risc 
deployment

Airbag deployment tests

Option 1

Automatic
 suppression

 feature

Dummy

 
variation: belt use or seat position (see also additional datasheets of FMVSS 208) 

Proposed assessment 
criteria (if applicable) 

Dummy loads remain under specified biomechanical load limits in 
dynamic barrier tests and static airbag tests with low risk deployment 
Reaction (activation or deactivation) of restraint systems depending on 
dummy size and seating position (automatic suppression feature) or 
dummy motion (dynamic automatic suppression system)  

(Contact) address: NHTSA Headquarters 
400 Seventh Street, SW 
Washington, DC 20590 
Toll-Free: 1-888-327-4236 
 
U.S. Department of Transportation 
400 7th Street, S.W. 
Washington, D.C. 20590 
202-366-4000 

Web site: www.nhtsa.dot.gov                   www.dot.gov 

Reported by: VW 
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Category: Human Machine Interfacing 

Acronym: HASTE 
Full name: Human Machine Interface and the Safety of Traffic in Europe 

Type: EC 5th Framework STREP 
Topical categories: Human Machine Interfacing 
Location/scope: Europe 
Established in : Jan. 2002 – April 2005 
Members/partners: Un. Leeds, Volvo, TNO, Delft University, Un. Braga, VTI, VTT, 

MIRA, Transport Canada 

Relevance for WP1.31) 
Medium: project was concerned with active safety (HMI), and 
studied informative systems only (IVIS) 

Objective/mission: To derive measures and criteria for acceptability of in-vehicle 
information systems (IVIS) 

Overall Activities: Experimentation in simulators and instrumented vehicles with IVIS 
of varying levels of difficulty, so as to assess their effects on 
behaviour, driver workload, and driver distraction  

Type of systems 
investigated/tested 

IVIS 

Proposed design 
guidelines (if applicable) 

N/A 

Proposed code of 
practice (if applicable) 

N/A 

Proposed evaluation tests 
(if applicable) 

List of most differentiating factors to be applied in IVIS evaluation 
in, at least, medium simulator category 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

None in particular, except that ‘event detection’ should be 
incorporated 

Proposed assessment 
criteria (if applicable) 

See under ‘proposed evaluation tests’ 

(Contact) address: TNO Human factors 
Dr. Wiel Janssen 
T: +31 (0) 346 3 56325 
E: wiel.janssen@tno.nl 

Web site: www.its.ac.uk/HASTE 

Reported by: TNO 
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Category: Driver assistance 

Acronym: INVENT FAS 
Full name: Intelligent Traffic and User-orientated Technology, Driver 

Assistance and Active Safety 

Type: Project funded by the German Federal Ministry of Education and 
Research 

Topical categories: Anticipatory driver assistance and autonomous safety systems 
Location/scope: Europe 
Established in : Started in 2001, finished in 2005 
Members/partners: Daimler Chrysler, BMW, Bosch, Siemens VDO, MAN, Audi, 

Volkswagen, Siemens Restraint Systems 

Relevance for WP1.31) 
Medium 

Sensing systems and algorithms have been developed and 
evaluated, but with priority on driver assistance (Pre-crash only for 
pedestrian and cyclist safety). 

Objective/mission: The subproject VAS (Anticipatory active safety) aims to improve 
the safety of pedestrians and cyclists, referred to as “vulnerable 
road users”, by covering the three functions necessary for a 
comprehensive active safety system: Obstacle detection, driver 
warning and reversible vehicle protection systems (for the road 
users) 

Overall Activities: Pedestrian and cyclist protection 

Sensing system/algorithm development 

System test on demonstration car in test and urban environment 

Component tests with separate test rigs and environments for 
sensing- and actuator-systems 

Type of systems 
investigated/tested 

Vulnerable road users sensing system consisting of  

·  Short range radar sensors  
Driver assistance systems 

·  Long range radar sensor 

·  Colour video camera 

·  A stereo video camera 

·  Short range radar sensors 

·  LIDAR sensor 

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 
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Proposed evaluation tests 
(if applicable) 

Test rig tests of sensing- and actuator-system 
Scenario-list for test-car with integrated system 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

·  Test rig tests for sensing: Eleven basic scenarios as described 
in Appendix I. 

·  Test rig tests for actuators: Testing with head and lower-leg-
impactor according to EEVC WG 17 and time to active 
position evaluation. 

·  Additional typical street situations where vulnerable road users 
are encountered. 

·  Further information about test-scenarios see in Appendix I 

Proposed assessment 
criteria (if applicable) 

Time to active position for actuators 
Obstacle detection distance (lateral and longitudinal) and actuator 
triggering time 

(Contact) address: WES-Office, Germany 
Walter E. Scholl 
T: +49 (0) 70 21 - 97 81 81 
E: n/a 

Web site: http://www.invent-online.de 

Reported by: SRS 
 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  57/77 
 

Category: Driver assistance / crash avoidance 

Acronym: IVI 
Full name: Intelligent Vehicle Initiative 

Type: Part of the U.S. DOT´s Intelligent Transportation Systems (ITS) 
Program. The IVI program is a joint effort of the Federal Highway 
Administration, Federal Transit Administration and the National 
Highway Traffic Safety Administration (NHTSA). 

Topical categories: Driver assistance systems (HMI), crash avoidance system 
Location/scope: U.S. 
Established in : 1998-2005 
Members/partners: Industrial partners, Public sector partners, Universities, 

Associations 

Relevance for WP1.31) 
High 

Program was focussed on pre-crash prevention and included 
development of performance guidelines, specifications, 
architectures and standards. In addition it was aimed to evaluate 
promising configurations.  

Objective/mission: IVI aims to accelerate the development and commercialisation of 
vehicle-based driver assistance products that will warn drivers of 
dangerous situations, recommend actions and even take partial 
control of vehicles to avoid collisions. 
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Overall Activities: The program was divided in two main topics: 

·  Prevent driver distraction 

·  Facilitate accelerated development and deployment of 
crash avoidance systems 

Driver distraction was investigated and solutions were developed 
via the use of expert working groups, forums, lab experiments, 
driving studies and accident statistics. This was done to: 

·  Improve understanding of the nature and extent of the 
problem 

·  Develop tools and methods to measure and predict the 
potential for in-vehicle technologies to be distracting 

·  Develop human factors guidelines to aid in equipment 
design 

·  Develop integrates approaches to reduce the distraction 

The second topic was addressed using a 4 step approach  

·  Definition of the problem 

·  Development of performance guidelines, specifications and 
standards 

·  Testing and evaluation of promising technologies, 
applications and configurations 

·  Research and evaluation of the benefits 

·  Continuing research initiated by IVI includes the 
Integrated Vehicle-Based Safety System (IVBSS), 
Cooperative Intersection Collision Avoidance System 
(CICAS) and the Vehicle Infrastructure Integration (VII) 

Type of systems 
investigated/tested 

·  In-vehicle communication systems related to driver 
distraction 

·  Driver warning systems related to visibility and driver 
fatigue 

·  Adaptive cruise control, Automotive collision avoidance 
system, Collision warning systems (front, side, 
intersection), Stop sign violation warning system, Roll 
Adviser and Control system   

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 
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Proposed evaluation tests 
(if applicable) 

Different stages of evaluation of the benefit of systems via: 

·  Crash data combined with analytical and simulation 
techniques (initial stage) 

·  Experiments in driving simulators or test tracks 

·  Field operational tests with prototype systems (final stage) 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Scenarios were selected based on crash data analysis were the 
investigated technologies can play a significant role. Crash 
conditions are: 

·  Rear-end,  

·  Intersection,  

·  Road departure 

·  Stability control 

·  Lane change and merge 

Proposed assessment 
criteria (if applicable) 

n/a 

(Contact) address: U.S. Department of Transportation 
ITS Joint Programme Office 
Room 3401, HOIT 
400 7th Street, S.W. 
Washington D.C. 20590 
T: (202) 366-9536 

Web site: ITS Joint Program Office website: www.its.dot.gov/welcome.htm 

IVI website: www.its.dot.gov/ivi/ivi.htm 

Reported by: TNO 
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Category: (Smart) restraints / virtual testing 

Acronym: PRISM  
Full name: Proposed Reduction of car crash Injuries through improved 

SMart restraint development Technologies 

Type: Advanced occupant passive safety 
Topical categories: accident data; real-world occupant postures (field -/ photo study); 

pre impact occupant kinematics (due to hard manoeuvring); smart  
/ adaptive restraint; testing / virtual testing and assessment 
(parametric study) , population benefit (methodology); evaluation 
of smart systems. 

Location/scope: Europe  
Established in : Project Start:        December 2002 

Project Finish:      May 2005 
Members/partners: MIRA (UK) , CIDAUT (Spain), DaimlerChrysler (Germany), 

Dalphimetal (Spain), TNO (Netherlands), TRL (UK), TRW (UK), 
TUG (Austria), VSRC (UK)    

Relevance for WP1.31) 
high / medium / low  

Objective/mission: The objective of the PRISM project is to facilitate the efficient and 
effective development of “smart restraint systems” to suit European 
conditions. It recognises that some such technologies are already 
under development to improve occupant safety during crashes. The 
project shall assist the development of efficient smart restraint 
system by identifying and prioritising key issues, thereby reducing 
societal costs.  

Following a review of real world data, a thorough evaluation of 
high risk scenarios and a cost benefit analysis, the project shall 
produce recommendations for the development of smart restraint 
systems. This will incorporate performance and evaluation 
techniques as part of a strategy for future restraint systems suitable 
for Europe.     

·  Review existing European accident data and current "state of 
art" smart technologies, 

·  Obtain European statistical data regarding the actual locations 
of occupants within vehicles. 

·  Investigate the effects of pre-impact occupant kinematics. 

·  Identify impact scenarios likely to be improved by smart 
restraints. 

·  Create and use new computer models to evaluate the 
scenarios. 

·  Generate standard guidelines to define and evaluate the 
requirements of smart restraints.  
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Overall Activities: Studies and activities on:  

WP1 

- Smart restraint systems “state of the art” and patent search. 

- Restraint feature fit and crash test data 

- Occupant location and pre-crash behaviour 

       - photo study (real world traffic)   

       - driver dynamic response 

       - occupant /passenger during pre-impact manoeuvring 

WP2 

- Accident analysis and - methodology  

- Impact scenarios and methodology for further analysis 

WP3 

- Generic vehicle and restraint computer models generated / 
dummy computer and human models for scenario evaluation 

- Parametric study / Sensitivities identified for each scenario 

- Estimation of potential population benefit from implementing 
smart restraint. 

WP4 

- Recommendations for functional requirements for smart restraint 
systems. 

- Recommendations for modelling and testing for evaluation of 
smart restraint systems. 

Type of systems 
investigated/tested 

“Smart” (adaptive, pre-triggered, supplementary, etc.)  
restraint systems  (by numerical modelling ! ) 
(PRISM only referred to frontal impacts)  

Proposed design 
guidelines (if applicable) 

Reasonable and sensitive parameter range for the configuration of 
smart and adaptive RS were identified. 
General trends and influence capability were given for the:  
Airbag mass flow rate  �  HIC, Chest / Occupant 95% 
Load limiter values      �  ChestVC / Occup.5%<>95% 
                                     �  HIC / Pass.95%  
Airbag fire time           �  HIC / Pass.5%/50%  
Airbag permeability     �  HIC / Pass.5%  

Proposed code of 
practice (if applicable) 

General remark were given with: 
Human (Model) response (and injury predictions) are different 
from that of dummies – consequently “smart” restraints should be 
developed and assessed regarding the injury risk of humans. 
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Proposed evaluation tests 
(if applicable) 

Assessment by virtual testing (crash test / component test) based 
on the selected scenarios. 
�  Distinguish: in-crash and pre-crash function  
�  Application of “human models” 
Partial: physical (dummy) crash / component / sled test 
procedures (revision of existing standards) 
 

Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

Identification of injury scenarios related to a smart restraint 
function (significant benefit) by accident and injury data analysis:   

1. Look at all the frontal cases in which there was an AIS 
3+ head and/or chest injury, work out the injury 
mechanism and look for causation trends. 

2. The causation trends tended to lead back to crash types – 
but the causation trends define the crash type and the 
important occupant characteristics.  

3. Review by experts > each case together, using increasing 
levels of detailed information.  

4.  Hypotheses formed about likely kinematics and injury 
causes – then tested by reviewing more detailed data and 
evidence.  

5.  Hypotheses refined and re-tested, with several iterations 
before a conclusion was drawn, then clustered with 
similar cases. 

6. �  Definition of injury scenario  
(not crash scenario !!) 

 
Proposed assessment 
criteria (if applicable) 

Occupant / human based criteria: 
- Injury risk 
- Injury Severity Score 
- (new) Injury criteria  
- population benefit (proposal for methodology) 
(Project result: need for biomechanical data and new injury 
criteria come along with the implementation of “human models” 
and “individual occupants”) 

(Contact) address: MIRA Ltd. 
Mrs. Gabrielle Cross 
T +44 (0) 24 76 355 127 
E: gabrielle.cross@mira.co.uk 

Web site: www.prismproject.com 

Reported by: TNO 
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Category: Legal issues 

Acronym: RESPONSE (1,2 and 3) 
Full name: RESPONSE 

Type: EC 5th Framework 
Topical categories: ADAS 
Location/scope: Europe 
Established in : Response 1: Project started in 1998 

Response 2: Project started in 2002 
Response 3: Project started in 2004 

Members/partners: Response 1: Autocruise, BLG, Bensousson, BMW, Bosch, CCP, DC, 
CRF, Ford, Jaguar, Macchi, PSA, Renault, Sanchez, Setterwalls, 
TRL, TUV, VW, Volvo, VTI 

Response 2: Ford, Audi, BMW, Bosch, CRF, DC, PSA, Eritco, 
Thomas Miller and co, TNO 

Response 3: Core group is DC, Audi, BMW, Bosch, Ford, CRF, 
PSA, VW, TNO, TRL, Ertico 

RelevanceforWP1.31) 
high / medium / low  

Non-technical issues regarding introduction of ADAS. Human 
factors, product liability and other legal issues 

 

Objective/mission: Investigate issues regarding introduction of ADAS in terms of human 
factors, product liability and other legal issues.  

RESPONSE aims to develop a widely acceptable Code of Practice 
for "safe" ADAS development and testing to help mitigate liability 
risks when introducing new preventive safety applications on the 
market. 

Overall Activities:  

Type of systems 
investigated/tested 

Broad overview of systems 

Proposed design 
guidelines (if 
applicable) 

n/a 

Proposed code of 
practice (if applicable) 

Response 2: Guidelines for a code of practice for development and 
testing of ADAS 

Proposed evaluation 
tests (if applicable) 

n/a 

Proposed (approach for 
the selection of) 
scenarios  (if 
applicable) 

Scenarios examined in terms of legal issues, human factors issues 

Proposed assessment 
criteria (if applicable) 

n/a 



APROSYS Project                                                                                       
FINAL –  

         AP-SP13-0011 

Reference: AP-SP13-0011, Version A  64/77 
 

(Contact) address: RESPONSE 1 & 2: 
Ford Werke AG  
Dr Stefan Becker 
T: +49 90 31774 
E: SBecke12@ford.com 
 
RESPONSE 3: 
Daimler Chrysler  
Dr Juergen Schwartz 
T: n/a 
E: juergen.s.schwartz@daimlerchrysler.com 
 

Web site: Response 1: http://docs.adase2.net/response/ 

Response 2: http://response.adase2.net/ 

Response 3: http://www.prevent-
ip.org/en/prevent_subprojects/horizontal_activities/response_3/ 

Reported by: TRL 
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Category: Sensor development 

Acronym: SAVE-U 
Full name: SENSORS AND SYSTEM ARCHITECTURE 

FOR VULNERABLE ROAD USERS PROTECTION 

Type: Project funded by the European Community under  

the "Information Society Technology" Programme (1998-2002) 

Topical categories: Forward looking sensing system development and tests 
Location/scope: Europe 
Established in : March 1, 2002, Finished in 2005 
Members/partners: Siemens VDO, Faurecia, CEO, Daimler Chrysler, MIRA, 

Volkswagen 

Relevance for WP1.31) 
High 

Sensing systems and algorithms have been developed and 
evaluated. 

Objective/mission: SAVE-U aims to improve the safety of pedestrians and cyclists, 
referred to as “vulnerable road users”, by covering the three 
functions necessary for a comprehensive active safety system: 
Obstacle detection, driver warning and vehicle control systems 
(Avoidance, mitigation) , Protection (if impact is inevitable) 

Overall Activities: Pedestrian and cyclist protection, 

Sensing system/algorithm development 

Comparison of low and high level fusion,  

System test on test rig and in urban environment 

 

Further information about testing in public deliverables D20 and 
D24 

Type of systems 
investigated/tested 

Sensing system consisting of  

·  24 GHz radar sensors and 

·  an IR video camera and  

·  a colour video camera. 

·  A stereo camera 

Proposed design 
guidelines (if applicable) 

n/a 

Proposed code of 
practice (if applicable) 

n/a 

Proposed evaluation tests 
(if applicable) 

Test rig tests of sensing system 
Urban scenarios with integrated system 
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Proposed (approach for 
the selection of) 
scenarios  (if applicable) 

·  Test rig tests: obtained from available infrastructure at proving 
ground of MIRA. Four basic scenarios as described in D7 
(Specification of Sensor Platform and ECU). 

·  Typical street situations where VRU’s are encountered. One / 
multiple VRUs, with / without occlusion. 

Proposed assessment 
criteria (if applicable) 

Set of risky and not risky situations. Ratios of required and found 
trajectories. Trajectory sensitivity and precision. 

(Contact) address: Faurecia 
Research & Development Electronic Systems 
45, rue de Bondeval • 25400 AUDINCOURT • France 

Web site: http://www.save-u.org 

Reported by: SVDO 
 

1) Relevance is indicated as: 
- high if the studies includes both intelligent system development and evaluation 

procedures 
- medium if the study includes evaluation procedures on system or component 

level (tool development projects) and/or system development (sensor or restraint 
technology, etc.) 

- low  if the study includes only system development (technology development 
projects) 
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Appendix 2: Overview INVENT generic scenarios 

Subproject: Pre-crash, active Safety (VAS) 
Translated from German 
 
Pedestrian and cyclist protection  
Scenarios – catalogue 
 
Summary  
1. Based on a first investigation and evaluation of different literature sources basic scenarios and 
situations regarding pedestrian and cyclist protection have been defined.  
 
2. With help of this scenario catalogue a definition and a specification of the sensor requirements 
necessary for pedestrian and cyclist protection from a holistic system principle, can be provided.  
 
3. With respect to the different scenarios two principle groups are differentiated: Pedestrians and 
bicyclists. 
 
4. Moreover a breakdown in near- and far distance is made, whereby close range is mainly 
determining for urban zones, while the far distance applies to highways.  
 
5. Motorways and roads only for motorized traffic are not considered.  
 
6. Overview of the basic scenarios:  

1. Pedestrian crossing from left  
2. Pedestrian crossing from right 
3. Pedestrian moves parallel to the vehicle direction and then crossing 
4. Pedestrian is walking on the road (far distance)  
5. Pedestrian crossing road (far distance)  
6. Pedestrian walking at the edge of the driving lane (far distance)  
7. Bicyclist crossing from left 
8. Bicyclist crossing from right  
9. Bicyclist cycles parallel to the vehicle movement and then crossing  
10. Bicyclist crossing road (far away)  
11. Bicyclist on driving lane (far away)  

 
7. With help of the defined basic scenarios more complex and realistic scenarios can be derived 
by combining and extending the scenarios. 
 
Scenario catalogue 
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1. Pedestrian crossing from left 
Characteristics: Longer observation time 
compared with pedestrian crossing from right. 
Collision potential: Vehicle can hit pedestrian 
while driving different manoeuvres (right/left turn 
or driving straight through). 
 
 
 
 
 
 
 
 
 
 

 
2.  Pedestrian crossing from right 

Characteristics: Shorter observation time 
compared with pedestrian crossing from left. 
Collision potential: Vehicle can hit pedestrian 
during driving manoeuvre or while driving 
straight through.  
  
 
 
 
 
 
 
 
 
 
 

 
3.  Pedestrian moves parallel to direction of travel of vehicle and than crossing 

 
Characteristics: Long time available for crash 
prediction, collision can be predicted. 
Collision potential: Vehicle can hit pedestrian 
while turning right. 
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4.  Pedestrian is walking on the road (far distance) 
 
Characteristics: Long time available for crash 
prediction, collision can be predicted. 
Collision potential: Vehicle can hit pedestrian 
while driving straight through.  
 
  
 
 
 
 
 
 
 
 

 
5.  Pedestrian crossing the road (far distance) 

 
Characteristics: Long time available for crash 
prediction, collision can be predicted. 
Collision potential: Vehicle collides with 
pedestrian while driving straight through. 
 
 
 
 
 
 
 
 
 

 
6.  Pedestrian walking at the edge of the driving lane  (far distance) 

 
Characteristics: Long time available for crash 
prediction, risk of collision is small if pedestrian 
moves parallel to vehicle.  
Collision potential: Vehicle hits pedestrian on the 
road. 
 
 
 
 
 
 
 
 
 
7.  Bicyclist crossing from left 
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Characteristics: Longer observation time 
compared to bicyclist from right.  
Collision potential: Vehicle can hit bicyclist 
during different driving manoeuvres (right/left 
turn or straight forward driving). 
 
 
 
 
 
 
 
 
 
 
 

8.  Bicyclist crossing from right 
 
Characteristics: Shorter observation time 
compared to bicyclist from left. 
Collision potential: Vehicle can hit bicyclist while 
driving straight through. 
 
  
  
 
 
 
 
 
 
 
 

 
9.  Bicyclist cycles parallel to the vehicle movement and than crossing 

 
Characteristics: Change of direction of cyclist can 
not be foreseen. 
Collision potential: Vehicle can hit cyclist while 
turning to the right. 
 
 
 
 
 
 
 
 
 
10.  Bicyclist crossing the road (far distance) 
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Characteristics: Long time for prediction, 
collision can be foreseen. 
Collision potential: Vehicle can hit cyclist while 
driving straight through. 
 
 
 
 
 
 
 
 
 
 

 
11. Bicyclist on the road (far distance) 

 
Characteristics: Long time for prediction, change 
of direction the cyclist can not be foreseen. 
Collision potential: Vehicle can hit cyclist while 
driving straight through. 

 
 
 
 
 
 
 
 

 
 
Environmental parameters 
 
1. Additional to the directions of motion of the pedestrians, bicyclists and vehicles several 
parameters related to the environment do play an important role. These need to be taken into 
account to ensure an accurate description of the situation. 
 
2. Also country-specific parameters affect the driving environment.  
 
2.1 Road layout  
 
2.1.1 Driving lane width  
In Germany the width of driving lane is standardized as follows: 3.75; 3.50; 3.25; 3.00 and 2.75 
meters. 
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2.1.2 Road turning radius  
The turning radius of roads varies significantly depending on the road type 
 
3 Movement of the potential collision partners  
 
·  Vehicle speed 
Vehicle speed in the city is max. 50 km/h, on rural roads the max. vehicle speed is 100km/h.  
 
·  Pedestrian speed 
The moving speed of children and elderly is generally smaller than the moving speed of an adult. 
The kind of movement (stand, walk, run ...) results in strong fluctuations of the profile of the 
movement the direction of the motion. In Fig 2-1 the distribution of velocity over the age is 
shown in terms of trends. 

 

Fig. 2-1 

·  Pedestrian acceleration 
In Fig 2-2 the acceleration behaviour of persons between 13 and 55 years old is shown [ JOS94 ]. 
Dependent on prevailing acceleration the possible chance on a collision changes.  
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Fig. 2-2 

·  Bicycle speed 
The speed of bicyclists can be assumed to be up to approx. 10 m/s. The change of direction of 
cyclists is substantially slower as from pedestrians.  
 
4. Turning process 
The turning behaviour in corners varies from driver to driver. On the right of and/or link bending 
happens because of the different right of way regulations with different speed profiles. A typical 
right turning speed profile is provided in Fig. 2-3 for different drivers [ BER94 ].  
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Fig. 2-3 

 
5. Visibility and response time 
Visibility, velocity-dependent response times and obstruction of view by other objects affect the 
necessary sensor requirements significantly. Therefore it is necessary to identify and interpret the 
situation on a higher level apart from the measurable environment parameters as for instance 
distance and speed.  
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