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Executive Summary 
 
This report is the document summarising the testing experience and knowledge gained from 

the physical testing activities within the eVALUE project. The document contains brief 

introductions to the testing scenarios as well as short summaries of conclusions. Appended 

to this document are the testing reports that have been compiled during the different test 

sessions. 

Physical testing at test tracks all across Europe has been the main input in the development 

of scenarios and test procedures. This document describes the development tests that have 

been performed during 2010, based on a first draft set of testing protocols.  

The experience from the performed tests has been used as an important input to the revision 

of the testing protocols, i.e. the formal documents that describe how a test should be 

performed and evaluated. These protocols are documented in the separate Deliverable 3.2.
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Management summary 

Longitudinal scenarios 

The longitudinal scenarios are a set of scenarios that is characterized by events occurring in 

the vehicles travelling direction such as rear end collisions and collision with objects moving 

transversally of the subject vehicle. Targets can be anything from a pedestrian to a car or a 

truck. However, the project has not spent any effort developing targets and almost all testing 

have been conducted using balloon vehicles. Safety functions, which are available on the 

market and able to support in these scenarios are for example forward collision warning, 

braking collision mitigation etc. 

The main focus of testing has been to understand and develop the least complex scenario 

involving one stationary (i.e. non-moving) target in the shape of a balloon car in a straight 

road. Some initial testing has also been performed with slowly moving target vehicles. 

Moving targets put completely different requirements on data acquisition systems, positioning 

of subject and target vehicles and so on. Performing tests with synchronized vehicles is still a 

rather immature form and supporting tools need to be further developed in order to reach a 

maturity level suited for testing programs that the eVALUE project aims at. 

The measures of performance, i.e. the safety performance indicators for the longitudinal 

cluster are based on either the position (expressed in time) of the vehicles relative to the 

target vehicle at a warning, or the collision speed at impact with the target vehicle. The 

impact speed seems to be a suitable quantity as it is easy to communicate, easy to grasp 

and has a strong relation to the actual collision forces experienced by the vehicles occupants 

in a real traffic situation. Even though collision speed is the strongest candidate to express 

performance, there are some issues regarding incorporation of performance of the tires, 

brakes etc. Such issues need further attention before a final decision on the safety 

performance indicators is taken.  

Lateral scenarios 

The lateral scenarios consist of two main scenarios; a lane/road departure situation and a 

lane change collision situation. The first scenario represents a situation where the driver 

starts to drift in his lane due to some inattention, and the later scenario represents a situation 

where the driver of the subject vehicle is about to change lane and a target vehicle enters his 

so called blind spot (left or right side). Safety functions for scenarios addressing the lateral 

domain currently available on the market and mainly in premium segment vehicles are blind 

spot warning, lane departure warning etc. 

The lateral scenarios are the least mature scenarios in the project due to the fact that this 

area is more complex than the longitudinal one. Moreover safety functions covering the 

longitudinal domain are, at present, more immature. Much of the development testing effort 

has been spent on defining the manoeuvres of the vehicles involved in the scenarios as well 
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as the instrumentation needed. A general argument is that a steering robot is desirable for 

repeatability in the lateral scenarios. 

The suggested safety performance indicators are related to either time to line crossing or 

time to collision at warning, depending on the applicable lateral scenario. For the blind spot 

scenario a different indicator is suggested based on an ISO standard definition of the 

geometry of the blind spot. The safety performance indicators of the lateral scenarios are 

also immature and further testing is necessary to establish sound measures of performance. 

Stability scenarios 

The stability scenarios are represented by three different scenarios; μ-split braking, obstacle 

avoidance and highway exit. The first scenario represents a panic braking situation when the 

left wheels of the vehicle are experiencing a radically different grip than the right side wheels.  

The second scenario represents a panic steering situation to avoid an obstacle in the road. 

The third scenario represents the situation of speeding in a highway exit. Examples of 

functions available on the market that support the driver in these scenarios are Antilock 

Braking Systems (ABS) as well as Electronic Stability Control (ESC). 

The stability scenarios are much more mature than the other two groups of scenarios in the 

project. This is reflected by the fact that two of the manoeuvres are well established in the 

automotive industry. The focus of development testing for those scenarios has been on 

safety performance indicators. 

The first scenario, the panic braking scenario, has been split up in two branches, one open 

and one closed loop. The main motivations for the open loop manoeuvre (locked steering 

wheel) are repeatability and avoidance of a test driver's performance in the test.  This is not 

the standard procedure to execute this manoeuvre and some technical difficulties need 

further investigations. For the closed loop counterpart, i.e. involving a test driver, it needs to 

be established that the test driver does not influence the performance before a final decision 

regarding closed and open loop is taken. 

The third scenario, i.e. the highway exit, is a novel manoeuvre that is motivated in this 

context as it complements the other two manoeuvres. The highway exit manoeuvre is a 

quasi-stationary manoeuvre while the other two are highly dynamic ones. Performing a test, 

where the safety performance is measured while progressively increasing the speed towards 

the grip limit of the vehicle, is relevant to characterize the complete vehicle stability 

performance. 

The safety performance indicators of the stability scenarios are related to the ability to follow 

the desired path during the manoeuvre and are specific for all three scenarios. Further 

development is needed here to determine a final version of the indicators, even though the 

present status is regarded as quite mature. 
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1 Introduction 

The eVALUE project develops test methods for active safety systems in road vehicles. By  

active safety function is meant a function that intervenes or warns the driver to avoid or 

mitigate a traffic accident or a potential traffic accident. 

One main objective of the project has been to develop a test program that is capable of 

rating the vehicles performance in terms of ability to mitigate or avoid traffic accident. The 

main tool in the development of tests have been field tests in real vehicles at test tracks, 

denoted "physical testing". This report describes the work done in the project on the test 

tracks and gives an overview of the knowledge gained. This knowledge has been the main 

input to the construction of the testing protocols, see [4]. The testing protocols are the 

documents describing how to execute and evaluate the tests. This report also includes 

conclusions and findings that were not suited for the testing protocols at this state. 

The remainder of this report is organized as follows. Chapter 2 describes the method of the 

project: Scenario based testing induced by accident statistics. The following chapter gives 

some general comments on testing prerequisites in terms of instrumentation and equipment 

needed. Chapters 4 to 6 describe and present conclusions in the three project subgroups of 

test cases denoted "clusters". Chapters 7 to 9 give a glossary of used terms and abbre-

viations, some general concluding remarks regarding physical testing and finally a literature 

list. Appended to the report are the testing reports from all the testing occasions, as well as a 

report discussing different aspects of warning system design from an HMI perspective.   
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2 Methods of the eVALUE project 

The eVALUE project has been driven by accident statistics in the design of tests (scenarios). 

This means that the motivator for the rating tests of active safety is traffic accidents. 

Unfortunately, the present existing statistics lacks many vital information components. 

Based on statistics, a traffic scenario has been created, see [2], that illustrates the real traffic 

situation. Furthermore, a holistic view of the testing is taken within the project meaning that 

the vehicle is treated as a "black box" for which the performance is to be measured with the 

setup defining the current scenario. This reduces the focus on specific specification of safety 

functions that the subject vehicle might have, and the main aspect of importance is the 

overall performance of the subject vehicle. 

The main methods to evalueate performance is the physical testing on a test track. It is 

complemented by inspections, which is a way of reviewing specifications etc at the desk.  

The approach of the project is depicted in Figure 1. 

 

 

Figure 1 The approach for test program development  

The physical testing is an effort/time consuming step. The development of physical testing 

has been done through practical testing of vehicles on test tracks to determine feasibility of 
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ideas as well as development of new ones.  This report deals with the development tests that 

have been carried out though the project. 

Safety performance indicator is the name of the performance measure. This is a quantity 

based on the (measured) outcome of the physical test. The ambition with this indicator, 

specific for each scenario, is to rate the vehicles capability to mitigate or avoid an accident in 

for the corresponding scenario. The development of the indicator is an integral part of the 

physical testing and hence a necessity in the development of physical tests.  

Tests have been performed with a wide range of scope definitions, depending on the 

maturity of the testing protocols and scenarios. Some scenarios have adopted existing 

manoeuvres from other contexts while others have been developed from scratch.  The 

development testing that has been conducted can be divided into two main groups, 

• Manoeuvre test type, where the execution of the test is the topic of investigation. 

Examples of tests include; tests to determine suitable speeds for which the 

manoeuvre should be performed, the use of a specific dummy vehicle etc. 

• Safety performance indicator test type, where the objective was to determine the 

performance measure. Examples of tests in this class are tests performed with two 

subject vehicles to enable a comparison of the indicator values. 

• For the more mature scenarios, and at a later stage of the project, validation was one 

of the main objectives of the tests. Validation type of tests that have been performed 

can be divided into two main categories, 

• Comparative tests, i.e. tests that compare the results from different types of vehicles, 

test tracks, environmental conditions etc. to determine robustness as well as 

assessment capabilities. 

• Repetitive tests, i.e. tests that are performed using e.g. the same type of vehicle on 

different test tracks to determine how repeatable the tests are.  

Test data can be found in [1] and the references therein. 

The scenarios were divided into three main groups, further denoted "clusters"; 

• Cluster 1: Dealing with scenarios where the risks of accident are in the longitudinal 

direction, i.e. in the heading of the subject vehicle. For example, braking in case of a 

plausible frontal collision. 

• Cluster 2: Dealing with scenarios where the hazard is in the lateral direction, i.e. 

perpendicular to the heading of the subject vehicle. For example, the risk of colliding 

with another vehicle during a lane change manoeuvre. 

• Cluster 3: Dealing with vehicle course stability issues, for example avoiding an 

obstacle when driving at a high speed. 

All clusters contain a set of typical scenarios that is presented in the following chapters and 

sections.   
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3 Test equipment, data acquisition devices and sensors  

The suggested scenarios of the project represent a wide variety of situations and address a 

rich set of active safety functions in terms of their operation. The different scenarios have 

different requirements when it comes to measured quantities such as precision and 

resolution. A general comment for all clusters and all scenarios is the high importance of 

recording the subject vehicle (the vehicle subject to the evaluation test) position and motion 

in an accurate way.   

The requirement of accurate position information is emphasized in scenarios involving 

another vehicle/object (e.g. dummy vehicle, dummy pedestrian etc.) than the subject vehicle. 

The natural choice of sensor is based on enhanced GPS techniques (e.g. via Doppler etc.) 

and preferably with a base station (RTK) to increase accuracy even further (down to 

centimetres stationary). Whether RTK based position measuring is sufficient when it comes 

to e.g. timing of moving target vehicles is still an open issue. One might resort to dead 

reckoning and "landmark" based techniques to handle these types of situations. However, for 

the testing performed in this project, RTK based measurements have been considered 

sufficient.  

Another aspect of measuring is the ability to handle surrounding in an accurate and high 

precision manner. Repeatability is one of the key issues of a future testing program‟s 

credibility and has hence been a major topic in the development presented here. From a 

repeatability point of view it is desirable to have a steering (and driving) robot to perform the 

tests such that the tests are performed in similar manners at each repetition. Steering robots 

are commercially available and some of those have been used in the project together with a 

positioning system (RTK based GPS) to control the position of the subject vehicle. Another 

approach has been to further develop driving robots to fit the current purpose. For example a 

braking robot has been adjusted to react on optic/haptic/sound warnings in the passenger 

compartment with great success. 
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4 Cluster 1: Longitudinal domain 

The longitudinal domain cluster addresses traffic scenarios with risk of accident in the 

longitudinal direction, for example highway catch-up accidents or queue braking scenarios. 

4.1 C1-1&2: Rear end collision 

These scenarios aim to evaluate the prevention performance by warning  or the intervention 

performance when a rear end collision seems to be possible due to the distance and the 

relative velocity between the subject and the target vehicle. 

4.1.1 The scenario 

The scenario represents different combinations of subject vehicle velocity as well as target 

vehicle velocity and deceleration. The scenario can be applied to different road configuration 

from a straight track to a curved track, as illustrated in the following figure. 

Subject vehicle Target vehicle

Wt

at , vtas, vs

 

Subject vehicle

Target vehicle vt

as , vs

 

Figure 2 Rear-end straight and curved road scenarios 

4.1.2 Tests performed 

Almost 400 trials have been performed, and all tests except slower moving target in a curve 

and tests where the target is decelerating have been performed. The majority of trials have 

been performed with a stationary target since the effort for control and instrumentation is 

smaller for those tests. The goal of the tests has been to evaluate the chosen test 

parameters (speeds etc) as well as to investigate if the suggested safety performance 

indicators can be determined. 

4.1.2.1 Stationary target in a straight road 

The evaluation tests have revealed that the safety performance indicator TTC (time-to-

collision) at warning can be determined from GPS data together with the light-sensor-

captured visual warning signal. The technique does at least work for the two test vehicles 

used during evaluation tests. The safety performance indicator is able to discriminate 

between different settings of the active safety function as well as between different test 
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vehicles. The purpose of this safety performance indicator is to check whether the warning 

signal comes too early, i.e. a nuisance (false) alarm. 

Another proposed safety performance indicator is collision speed. The collision speed can 

either be determined from GPS data or using an external trigger. Evaluation tests have 

shown very strong correlation between these two techniques. During these tests a passive 

driver was used. The collision speed indicator shows larger variation compared with the TTC 

at warning indicator. The reason is that collision speed is partly affected by brake 

conditioning and tire-track friction conditions. Therefore the collision speed safety indicator 

must be related to track conditions. 

Initially, two other safety performance indicators were proposed: minimum TTC and minimum 

distance during the tests. These can easily be determined from GPS data. It was shown that 

there is a strong correlation between the two and hence only one of them would be needed. 

However, the purpose of these indicators was to quantify how close to a collision the subject 

vehicle was during the test, but later in the project it was decided to drop these indicators 

since collision avoidance is considered “good enough”. There is no need to further rate 

vehicles which avoids a collision, i.e. the collision speed safety performance indicator is zero. 

The proposed tests contain cases where a typical driver reaction, reaction time and brake 

application, are simulated. To perform this in a repeatable fashion a brake robot is needed. 

The brake robot action needs to be triggered by the warning signal from the vehicle. 

Promising tests have been performed with a prototype brake robot system. The same signal 

that was captured to determine the TTC at warning indicator was used to control the robot. 

The “reaction time” of the robot was very consistent, but the brake force application needs to 

be improved to better mimic real driver brake force application behaviour. 

A few evaluation tests have been performed with a stationary target in a curve. Unfortunately 

the target could not be detected in any of the trials. Most likely, a more advanced stationary 

target than a balloon car with silver tape for radar reflection is needed for such testing. 

Evaluation tests have also been performed with a movable foam target prepared with silver 

tape. While moving, the target was properly detected by FCW/ACC/CMbB functions of one of 

the test vehicles and the ACC system of the other test vehicle. However the FCW/CMbB 

functions of the second test vehicle only managed to detect a stationary target. Using two 

synchronized GPS loggers it was possible to determine all the proposed safety performance 

indicators. 

4.1.3 Conclusions and open issues 

The following list compiles some of the observations made during the evaluation tests: 

• A warning signal can be detected and consequently be logged by using light sensors 

for visual dashboard warnings and microphones for acoustic warnings.  Thus CAN 

tapping is not needed. 
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• When the target is stationary, more than 250m track length is needed to 

accommodate acceleration to 70 km/h  

• Min TTC and min distance safety performance indicators are basically equivalent but 

will not be used in the final testing protocols 

• Collision speed can be determined by position data (separate external collision trigger 

sensor is not needed) 

• There is a larger spread in collision speed data than in TTC at warning data. However 

the latter depends on brakes, tires, and friction surface. 

• Using a brake robot is a promising technique for simulating typical driver behavior; 

especially for mimicking driver reaction time. However brake force application needs 

further investigation  

• The target vehicle design is very important. One of the test vehicle detected real 

moving cars both in straight tracks and in curves, but did not manage to detect  the 

foam and balloon targets 

• The “inside” of the lane shall be covered by a fence or similar in curved road tests to 

limit the field of view of sensors 

• The number of test cases shall be reduced. However, accurate accident data is 

needed to select the most appropriate cases; such data is not available at the 

moment 

• The number of trials for each test case is still an open question. A single trial has its 

advantages (the situation where the results for some trials are sanctioned as passed 

and some as failed is avoided, thus making it easier to decide on "passing", "failing", 

or rating the vehicle) and multiple trials have their advantages as well. (vehicles with 

varying/doubtful performance will be detected since it is more difficult to be lucky 

during several trials). 

4.2 C1-3: Transversally moving targets 

These tests have been hard to evaluate due to their complexity and the lack of commercially 

available safety functions with the capability of detecting transversally moving targets. 

However a few evaluation tests have been performed. 

4.2.1 The scenario 

The scenario addresses an road intersection situation in which the subject vehicle 

approaches a transversally moving target. The subject vehicle enters the intersection with 

constant speed. The target suddenly enters the road intersection while the subject vehicle is 
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still approaching, thus creating the conditions for a front/side collision scenario. The scenario 

is illustrated by the following figure. 

Subject vehicle

Target vehicle

vt

vs

 

Figure 3 Transversally moving target 

4.2.2 Tests performed 

A few evaluation tests have been performed. In order to implement the tests, the positions 

and speeds of the subject and target vehicles must be controlled with high accuracy. 

Consequently, driving robots are needed in the subject and target vehicles. The two robots 

must be able to communicate with each other achieve a synchronized and controlled 

sequence. Near-collision tests were set-up, but the target vehicle was successfully detected 

in only one single trial. This was expected since the test vehicle system was not developed 

for this specific scenario. 
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5 Cluster 2: Lateral domain 

The “lateral domain” cluster addresses safety functionality for avoidance of unintentional 

lateral displacement or support of intentional lateral displacement of the subject vehicle, such 

as lane/road departure warning or lane change collision warning. 

5.1 C2-1: Lane departure on a straight road 

This test aims to evaluate the prevention performance by warning to the driver, when a lane 

drift is detected in a straight lane. 

5.1.1 The scenario 

The subject vehicle is driving on a straight road at constant speed. The scenario represents a 

situation where the driver, due to for instance drowsiness or inattention, starts to 

unintentionally deviate from the straight course and crosses over the lane marking into the 

adjacent lane or drifts outside the road as illustrated in Figure 4 below. 

vt

vt  

Figure 4 Illustration of lane departure scenarios on a straight road. 

5.1.2 Tests performed by Volvo Technology at Hällered 

During spring 2010, Volvo Technology performed an approximate total of 200 trials on the 

Hällered Proving Ground in Sweden using a Volvo FH 4x2T truck. A detailed description of 

the testing can be found in the appended test report in Appendix 10.2. The focus was on 

methodology, feasibility and equipment requirements. In addition to regular performance 

tests some initial work was also done studying tests dedicated to false alarm. 

5.1.3 Tests performed by TECNALIA, Volvo Technology and IDIADA at L’Albornar 

During May 2010, TECNALIA, Volvo Technology and IDIADA performed an approximate 

total of 60 trials on the L‟Albornar Proving Ground in Spain using a Volvo XC60 car. A 

detailed description of the testing can be found in the appended test report in Appendix 10.3. 

The main objective of these tests was to validate the testing protocol defined in the eVALUE 

project and check the feasibility of all the scenarios proposed using advanced testing tools 
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such as steering robots and differential GPS. In addition to regular performance tests some 

initial work was also done studying tests dedicated to false alarms. 

5.1.4 Conclusions 

The following summarises the general observations and conclusions from the C2-1 tests at 

Hällered: 

 A high level of positional accuracy and repeatability can be obtained using a path-

following steering robot.  

 The additional installation and setup effort associated with a steering robot is well-

spent, and repays in terms of increased test efficiency and repeatability compared 

with manual driving. 

 The use of a steering robot is highly recommended for testing lane departure warning 

systems. For scenarios requiring high-precision driving such as slalom false alarm 

testing or lane drift in curves, it is most likely necessary to use some kind of robot 

rather than driving the vehicle manually. 

 For an assessment of lane departure warning systems involving positioning systems, 

it is crucial to have an accurate position reference representing the lane markings. 

This becomes even more important if lane drift in curves are to be studied. 

The following summarises the general observations and conclusions from the C2-1 tests at 

L‟Albornar: 

 Tests were done according to the test requirements and the car had repeatable 

results in straight line tests. The curve tests, on the other hand, had no repeatable 

response and it was not possible to extract a satisfactory warning evaluation.  

 During the tests it was identified that the subject vehicle was not able to detect a 

single line painted on the asphalt but only a lane, i.e. two lines. 

 As no closed loop driver response was defined, the response of three drivers in lane 

departure scenarios was analyzed. Derived from this analysis two types of response 

were defined. It is important to note that those responses may not be representative 

for a standard driver response and it is strongly recommended to operate a driver 

response analysis in order to define the eVALUE standard driver response. 

 Test lateral speeds were updated in order to represent a sharp (1,4-1,6 m/s lateral 

speed) and flat manoeuvre (0.6-0.8 m/s lateral speed), since during test preparation 

no difference could be felt between the 0,2 m/s and 0,7 m/s lateral speed 

manoeuvres. 
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 A high level of positional accuracy and repeatability can be obtained using a path-

following steering robot. 

 Departure shall be defined as smooth as possible in order to reach the desired lateral 

speed. During tests it appeared that the lateral acceleration has to be limited in order 

to be sure that the system may not interpret a driver intention. IDIADA‟s 

recommendation is to use the maximum radius of curvature for lane departure. 

5.2 C2-4: Lane change collision avoidance on a straight road 

This test aims to evaluate systems that issue a warning to the driver in situations where a 

lane change manoeuvre implies a risk of collision with vehicles in adjacent lane on a straight 

road. 

5.2.1 The scenario 

The subject and target vehicles are driving in adjacent lanes on a straight road. The subject 

vehicle intends to do a lane change manoeuvre when the target vehicle is in a position that 

implies a collision risk.  

Subject vehicle

Target vehicle
vt

vs

 

Figure 5 Illustration of a lane change collision scenario on a straight road. 

5.2.2 Tests performed by SP and Volvo Technology at Stora Holm 

In June 2010, SP and Volvo Technology performed an approximate total of 40 trials on the 

Stora Holm test track in Sweden using a Volvo FH 4x2T truck as subject vehicle and a Volvo 

S80 passenger car as target vehicle. A detailed description of the testing can be found in the 

appended test report in Appendix 10.1. The focus was on methodology, feasibility, 

equipment requirements and evaluation of the safety performance indicator. 

5.2.3 Tests performed by TECNALIA, Volvo Technology and IDIADA at L’Albornar 

In May 2010 IDIADA Volvo Technology performed tests according to eVALUE test procedure 

on a Volvo XC60 as subject vehicle and IDIADA‟s target as target vehicle. The main 

objective of these tests was to check feasibility and repeatability of suggested eVALUE test 

cases. A complete test description can be found in Appendix 10.5. 
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5.2.4 Conclusions 

The following summarises the general observations and conclusions from the C2-4 tests at 

Stora Holm: 

 It was concluded that 400 m of straight road is too short for accelerating to the initial 

speeds up to 90 km/h, obtaining steady-state speed, completing the overtaking 

manoeuvre and then stop the vehicle with a reasonably smooth retardation. If smaller 

speed differences are used, this would be an even bigger problem. The main problem 

lies in obtaining the proper stabilised speed. 

 The concept of using a light sensor to register the time of warning directly from the 

warning light works well if the sensor is properly shield from daylight and reflexes. 

Thus, it is not necessary to have access to the CAN bus for this purpose. 

 A commonly used safety performance indicator for collision avoidance systems is 

TTC, i.e. time to collision, at warning, which is quite adequate when systems of ISO 

17387 Type II (closing vehicle warning functionality) are evaluated. However, some 

lane change support systems rely on other technologies (such as blind spot 

detection) for which other criteria for performance evaluation may be more 

appropriate. A general approach is to define a suitable Collision Risk Zone; „CRZ‟, 

appropriate for the applicable technology, and evaluate „remaining time until target 

enters CRZ (at warning)‟ rather than TTC. For ISO 17387 Type I systems (blind spot 

detection), the CRZ may be chosen as predefined blind spot zones beside the 

vehicle, while for ISO 17387 Type II, the CRZ would be the vehicle itself. In the latter 

case, the suggested safety performance indicator will be equivalent to TTC. 

 When computing the safety performance indicator, the timing of warning t1 will 

normally be directly available from measurements, while it normally requires more 

effort to obtain the time instance t2 where target enters CRZ normally requires more 

effort. Intercommunicating positioning systems capable of direct measurement of 

relative vehicle distance may facilitate this significantly. If independent positioning 

systems are used, it is crucial that a common time reference (for instance UTC) is 

available so that vehicle positions and instance of warning can be synchronized in 

time. 

 The safety performance indicator behaves as expected when the safety function is 

tested beyond its limits; the average value deteriorates and the scattering and failure 

rate increase with increased relative speed. 

The following summarises the general observations and conclusions from the C2-4 tests at 

L‟Albornar: 

 The real blind spot of the vehicle shall be measured before the test in order to confirm 

that the warning function operates as long as a car is in this zone. As this zone may 
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highly differ between vehicles it shall be evaluated in the test analysis according to 

the standard recommendations. 

 Driving robots are recommended in order to maintain the lateral distance between 

vehicles within the desired range; in this case IDIADA used one steering robot in the 

subject vehicle. 

 In order to accurately stabilize test parameters (vehicles speeds and relative 

distances) a 1.5km straight track is recommended. During the tests, the usage of real-

time relative positions (DGPS) is recommended in order to achieve the tests with the 

specified precision. 

 The initial speed for the test case 5 (subject vehicle overtaking target vehicle) has 

been updated, initially the relative speed was 40 km/h for the subject vehicle 

overtaking the target, this high relative speed was not representing a critical danger 

as the target would stay in the blind spot zone for a limited time. For example at 

40 km/h relative speed, the vehicles would stay side to side less than 0.5 s. At 

10 km/h delta speed the vehicles would be side to side around 2 seconds; in that 

case it would make more sense to warn the driver than at a high relative speed. The 

40 km/h delta speed test could be used as a false warning test; in our case the Volvo 

CX60 didn‟t warn the driver when delta speed was 40km/h. 

 In order to increase measurements precision for relative distances it is recommended 

to create a local axis in the proving ground (x axis in the same direction as test 

vehicles) solving in that manner the lateral range measurement error calculated from 

vehicles positions (this particularly affects positions results when distances between 

vehicles are greater than 50m due to vehicles heading measurement error). 
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6 Cluster 3: Vehicle stability domain 

The vehicle stability domain cluster addresses scenarios where the vehicle uses more than 

available friction forces in the tire to surface contact and when the vehicle looses its stability 

in the sense of deviating from the path expected by the driver (laterally and/or longitudinally). 

6.1 C3-1: Split surface braking 

6.1.1 The scenario 

The scenario is a braking manoeuvre on a split surface. The split surface is such that 

the left hand side wheels of the subject vehicle are exposed to a significantly different 

coefficient of friction ( with respect to the right hand side wheels (or vice versa).  

vs

vs

High µ

Low µ

High µ

Low µ

amax

amax

 

Figure 1 μ-split braking scenario 

6.1.2 Tests performed 

During a braking manoeuvre on a split surface a normal driver may be surprised by the 

first vehicle reaction. Consequently the driver starts acting on the steering wheel creating a 

closed loop configuration between the driver and the vehicle. 

Therefore in this kind of manoeuvre three actors influence the braking performance: 

 Driver 

 Vehicle  

 Road 

In order to separate the different influences two different type of tests are performed: 

 The closed loop test which is the test normally used by OEM to evaluate their 

vehicles in this kind of scenario. Nowadays this evaluation is mainly based on an 

expert driver‟s subjective assessment. 



 
Deliverable D4.2 

 

 

eVALUE 20 
ICT-2007-215607  
eVALUE-101231-D42-V20-FINAL.doc www.evalue-project.eu 

 

 The open loop test which is used to avoid drivers' influence on the braking manoeuvre 

result. During the first phase of the braking action the vehicle undergoes not only a 

deceleration but also a yaw motion. Without the driver's influence it is possible to 

evaluate the trade-off between braking performance and stability during this first 

phase of the braking manoeuvre. 

Moreover, the results are influenced by the track surface. In order to compare results from 

different tracks, the following tests are requiered: 

 Braking on high adherence surface 

 Braking on low adherence surface 

These additional tests are important to evaluate the real behaviour of the vehicle on these 

surfaces because they are more significant than surfaces with nominal frictions. 

The decelerations may vary during the braking, in particular for low adherence surface, when 

water film decreases its capacity to lift the tire with reduced vehicle speed. This phenomenon 

is shown in the graph below. 

 

The purpose is to determine the “steady-state” deceleration, in this case neglecting the last 

part of the manoeuvre. 

For these auxiliary tests there are no particular requirements in terms of initial velocity, which 

can be different taking into account the following considerations: 

a.    track safety conditions 
b.    maintain comparable velocity with split-µ braking 
c.    harmonization with other required tests 
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In order to achieve the final test protocol for this scenario a large number of tests were 

performed with different vehicles and on different tracks. The most important results are 

summarized in the following sub-sections. 

6.1.2.1 Open Loop Results 

For the open loop test three safety performance indicators are taken into consideration: 

1. The mean longitudinal deceleration: 

  

2. The equivalent deceleration: 

 

 

 

3. The equivalent deceleration on different tracks: 

 

 

These parameters are calculated from time T0, when the driver presses the brake pedal (10N 

pedal load), to time T2, when the vehicle reaches a 10 km/h velocity drop off. The choice of 

this velocity drop off is justified by the necessity to maintain two wheels on low adherence 

surface and other two on the high adherence surface. If this condition is not satisfied, the 

velocity time history shows a bi-linearity during the required velocity drop off and the trial is 

not valid. 

Based on this velocity drop off, a nomenclature consistent with the ISO 21994 is used for the 

longitudinal deceleration indicator. 

The second safety performance indicator is an equivalent deceleration and it aims to 

combine longitudinal performance and stability. 

The results obtained on a track, which exhibits a large difference between the vehicle sides, 

are shown in the chart below. 
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Some of the vehicles have good braking performance implying short stopping distance, 

however in some cases to the cost of instability such as for the 6th and 7th vehicles. 

The black lines inside the chart show the standard deviation parameters. The scattering is 

relatively small compared to the mean values for all vehicles. 

Obviously the stability is influenced by the different friction between the two track sides, so 

three different sessions of tests are performed.  

The first session includes three vehicles on two different tracks. In the table below the ratio 

among their stabilized deceleration values on the different surfaces with respect to 

acceleration gravity are shown. 

 

The µ-split surfaces are asphalt-basalt and asphalt-ceramic. 
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Vehicle 8 Vehicle 9 Vehicle 10

bas 2.87 3.09 3.06

cer 2.54 2.32 2.66

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

AF10

 

Vehicle 8 Vehicle 9 Vehicle 10

bas 2.09 2.82 2.43

cer 1.48 1.60 1.73

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

AED

 

Vehicle 8 Vehicle 9 Vehicle 10

bas 2.18 2.51 2.40

cer 2.04 1.99 2.15

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

A

 

In these cases the third safety performance indicator tends to reduce the gap shown 

between the tracks. 

The second session is based on the previous Vehicle 3 results, which is tested on two tracks; 

the braking efficiencies are shown in the following table. 

 HIGH  LOW

Track 1 0.93 0.18

Track 2 0.81 0.10  
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In this case the results are: 

AF10 AED Ah

Track 1 3.43 2.84 2.84

Track 2 2.73 2.09 2.72

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

 

The last session includes two vehicles tested on two other different tracks. In this case the 

surfaces couplings are concrete/pavement and asphalt/granite. In the following table the 

braking efficiencies are reassumed. 

 Concrete Pavement Asphalt Granite

Vehicle 11 0.85 0.64 0.84 0.11

Vehicle 12 0.92 0.51 0.83 0.06  

The Vehicle 11 safety performance indicators results are: 

AF10 AED Ah

Concrete Pavement 6.24 5.80 3.00

Asphalt Granite 3.05 2.10 2.80

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

 

Whereas the safety performance indicators results for the Vehicle 12 are: 
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AF10 AED Ah

Concrete Pavement 6.50 5.00 3.10

Asphalt Granite 3.00 1.60 2.80

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

 

In conclusion, in order to compare results obtained using different tracks, a great number of 

tests have been performed: 

 In the first test session the high adherence surface remained the same, while the low 

adherence surface properties changed. This changes the mean deceleration as well 

as the mean deceleration between the two surfaces, i.e. the difference in friction level 

between the two surfaces. 

 In the second session which was performed on different tracks, the braking efficiency 

differences were quite similar (0.75 for the first track, 0.71 for the second one), 

whereas the mean decelerations were considerably different; this is well highlighted 

by the safety performance indicators. 

 The third session compares very different tracks. 

The conclusion is that the third safety performance indicator allows comparison of results 

obtained from different tracks, remembering that the purpose is not to obtain the same value 

because different adherences impose different vehicle behaviour. Nevertheless the 

comparison between the third safety performance indicator and the second one shows that 

the third one hides the difference among vehicles, changing the ranking obtained on the 

same track via the second safety performance indicator.   

6.1.2.2 Closed Loop Results 

A great number of tests were performed by CRF and IDIADA in order to evaluate the stability 

using the driver action (closed loop), which is required in order to maintain the target 

trajectory (mu-split condition).  

6.1.2.2.1 CRF tests 

Looking at the figures below it is possible to notice that the same expert driver acts in 

different way in different tests trails. 
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Similar conclusions can be drawn from other drivers in different vehicles and tracks. These 

driver actuation differences impact on the vehicle stability. Consequently, it is very difficult to 

evaluate this interaction in closed loop.  

At this moment, the steering wheel angle does not look like a robust quantity to describe the 

vehicle behaviour, whereas the longitudinal deceleration looks quite stable despite the 

driver's actuation. 

 



 
Deliverable D4.2 

 

 

eVALUE 27 
ICT-2007-215607  
eVALUE-101231-D42-V20-FINAL.doc www.evalue-project.eu 

 

6.1.2.2.2 IDIADA tests 

IDIADA tested 6 vehicles in 2 groups of 3. The first group was tested in 2009 according to 

the preliminary version of the test procedure and the second group was tested in 2010 

according to the last version of the test procedure. 

The main difference between those 2 test-sessions is basically in the definition of the stability 

safety performance indicator. Initially this indicator was called steering correction factor 

defined according to the following formula: 

SWRSWAfactorcorrectionSteering maxmax__   

where maxSWA corresponds to the maximum steering wheel angle [º] achieved during the 

manoeuvre and maxSWR corresponds to the maximum steering wheel rate [º/s] achieved 

during the manoeuvre. 

After the first results it was noticed that the steering correction factor could be improved by 

including the information of the mu split condition (mu ratio between low and high). The main 

objective here was to reduce the influence of the track on the result. With this purpose in 

mind the formula was then updated: 

high

lowSWRSWAStability



 maxmax  

The second safety performance indicator “Use of adherence” was not modified as it was 

proved to be significant enough. 

Driver influence is one of the important issues to be addressed in any closed loop test. 

Concerning the mu split braking scenario, test drivers tend to unconsciously anticipate their 

steering correction as they get used to the vehicle response in the test (during the different 

test trials). For this reason, some additional conditions should monitor that the driver is not 

anticipating the steering correction before the actual yaw reaction of the vehicle. 
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The main results of the 2010 test session are summarised in the graphs below. 

 Summary of the numeric results 

Item Unit
Mazda 3

Bas / Asp

Mazda 3

Cer / Asp

Citroen DS3

Bas / Asp

Citroen DS3

Cer / Asp

Mercedes

Bas / Asp

Mercedes

Cer / Asp

Decel. on high mu m/s² 9.15 9.16 10.02 10.02 9.75 9.75

Decel. on low mu m/s² 2.42 1.22 1.68 0.82 1.62 1.00

Decel. On mu split m/s² 3.11 2.76 3.47 3.18 3.46 3.32

SD on mu split m 124.43 139.99 111.33 121.58 111.68 116.12

Teor. Min SD m 66.67 74.35 65.94 71.17 67.82 71.74

ε of mu split adh. % 53.58 53.11 59.23 58.54 60.73 61.78

Mu split max strg ang deg 16 37 56 63 58 80

Mu split max strg spd deg/s 105 109 157 273 202 228

Steering correction factor 435 541 1475 1400 1936 1868

Decel low/high 3.78 7.49 5.96 12.20 6.02 9.74
 

 Use of adherence results 
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 Stability results 
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 Combined graph: Stability versus use of adherence (with potential distribution of 

performance areas) 
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6.1.3 Conclusions and open issues 

For the open loop test the first and the second safety performance indicators are reliable for 

describing the vehicles and ranking them both in terms of deceleration performance and 

trade-off with stability. However, this conclusion does not hold for the third safety indictor 

which tends to harmonize each vehicle on different tracks but on the other hand does not 

highlight the performance differences between vehicles. Nevertheless it is clear that to 

improve the understanding of these phenomena, further testing is required.  

The closed loop mu split manoeuvre is an important test to investigate the compromise 

between stability and deceleration. In comparison to the "open loop" manoeuvre, the 

complete braking can be analysed. The disadvantage is that there can be a clear influence 

by the driver in terms of steering input. This influence can be reduced through additional 

conditions but has to be analyzed deeper with further tests and different drivers. 

 The "use of adherence" safety performance indicator gives a good result and minimise the 

influence of track and tire conditions.  Many tests were performed on Asphalt/Ceramic and 

Asphalt/Basalt with very similar results. For the second indicator, using maximum steering 

angle and steering wheel rate, additional tests with different drivers have to be performed 

to confirm the procedure.  
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6.2 C3-2: Obstacle avoidance 

The collision avoidance scenario is the eVALUE approach to the European ESC 

homologation test (ECE R13-H) to be in force from November 2011. The test is known as 

“Dwell sine” and reproduces a severe obstacle avoidance manoeuvre where the vehicle is 

challenged to fulfil both stability (yaw rate mitigation) and responsiveness (minimum lateral 

displacement) PASS/FAIL requirements. 

Carrying over the test procedure as specified in the ECE R13-H, eVALUE work has then 

focused on expanding the safety assessment including additional criteria (safety 

performance indicators) which are relevant to safety and are not considered in the 

homologation test. Those additional eVALUE criteria are:  

 Steering wheel torque: steering effort necessary to execute the manoeuvre, shall be 

within human capabilities. 

 Driver intention following: how closely the vehicle responds to driver's intention 

(commanded steering wheel angle). It is based on the yaw response of the vehicle. 

 Wheel lift: carried over from NHTSA Fishhook test. Rollover condition (tip-up) is met if 

both inner wheels are lifted more than 50 mm. 

6.2.1 The scenario 

The collision avoidance scenario is based on the situation where the vehicle has to 

unexpectedly avoid an obstacle forcing it to perform a double lane change. This situation is 

therefore a highly dynamic situation where a good trade-off between stability (no vehicle 

oversteer, spin-out) and response (actual lateral displacement avoided) is required for a safe 

vehicle performance. 

The dwell sine input was defined in 2005 in the US, resulting from a close collaboration 

between the NHTSA and the automotive industry (alliance of manufacturers). In late 2007 

NHTSA adopted the compliance test procedure specified in the FMVSS 126. One year later 

the UNECE took the FMVSS 126 test procedure as GTR 8 to be later implemented as 

European homologation test as ECE R13-H. 

The test input “Sine with dwell” was defined based on a study where a sample of drivers 

performed an obstacle avoidance manoeuvre. As a result the test input pattern was finally 

established in terms of shape (sine with dwell), frequency (0.7Hz) and dwell time duration 

(500 ms). 

6.2.2  Tests performed 

Tests have been performed at the L'Albornar by IDIADA.  The main focus was to investigate 

the candidates (or candidate components) of safety performance indicators, including the 

ones described in section 6.2. For that purpose, two sets of tests were performed using three 
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test vehicles each time. The indicators show a promising capability to discriminate between 

different performances. 

6.2.3 Conclusions and open issues 

Based on the results of the tests, it is easy to realise that most of the current European fleet 

manage to meet the homologation test requirements (stability and responsiveness) with 

great margin. Consequently, that the main objective of the dwell sine test is to “identify” the 

ESC function (PASS/FAIL) more than determine a certain level of performance 

(assessment). This situation confirms the necessity to establish further safety performance 

indicators in order to assess the overall vehicle safety during the manoeuvre. On that respect 

the three additional eVALUE safety performance indicators, were able to differentiate vehicle 

performance whereas the indicators carried over from ECE R-13 requirements) were not 

able to tell any significant difference (ESC identification test requirements) between the 

tested vehicles. 

6.3 C3-3 Highway exit 

The highway exit manoeuvre is one of the novel scenarios of the eVALUE project. The 

objective of this scenario is to complement the stability domain tests with a test that puts the 

tested vehicle in a situation less excited than the other two scenarios in the stability cluster. 

The test is an open loop, i.e. the driver/robot does not use position information as input to the 

steering wheel action. 

6.3.1 The scenario 

The scenario is based on a common traffic situation namely exiting a highway. The highway 

exit is most often designed, from a road design perspective, as a clothoid curve. A clothoid 

curve is a curve where the length is proportional to the curvature. For a driver entering with 

constant speed this implies a constant steering rate of the steering wheel. The basic idea 

behind the manoeuvre is to rate the tested vehicles capability to "remain" in the highway exit 

lane represented by an ending vehicle heading angle, a fictive lane position, etc.   

The gravity of the manoeuvre is determined by the initial speed of the vehicle. To keep the 

trajectory for increasing speeds, the steering wheel angular velocity is increased 

proportionally. This is a good approximation (assuming zero slip etc) and a consequence of 

the clothoid curve.  

6.3.2 Tests performed 

Tests in the highway exit have been performed by two partners; VTI and IDIADA and at three 

places and occasions; Stora Holm in Sweden, L'Albornar (IDIADA) in Spain and at the 

Papenburg test track ATP in Germany.   
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The Stora Holm tests were initial tests to get to know the manoeuvre and they were 

performed in a downscaled version with respect to test track size. The downscaled 

manoeuvre has not yet been fully explored and might be an option to reduce the need of a 

very large test track, see Appendix 10.1 for further details. 

The L'Albornar tests were performed using 3 test vehicles. Based on the results of those 

tests it was possible to start realising differences in performance. Unlike the previous 

highway exit test exercises at L'Albornar, none of the vehicle span-out during the manoeuvre. 

Wheel lift (both inner wheels) was not observed either. In terms of lateral response 

assessment (how much the vehicle is able to keep the closing radius trajectory) important 

differences were obtained, showing a better performance for a reference sedan rear wheel 

driven vehicle. Close to the best-performing sedan, the sporty B segment was positioned in 

second place whereas the third car (C segment compact) turned out to be the least 

performing in this test, see Appendix 10.6 for further details. 

The ATP tests were carried out using 2 test vehicles, one of them of the same type as the 

one used at IDIADA. The results of these two tests performed at IDIADA and at ATP 

illustrate very similar behaviours, and the present performance indexes are similar even 

though the weather conditions were quite different. 

Another test was performed at ATP proving ground which was an attempt to make the 

scenario closer to a closed loop manoeuvre without actually involving the driver, see 

Appendix 10.8 for details. This was done in three main steps;  

1. make the trajectories of different test vehicles more similar through a more complex 

characterization of the steering geometry 

2. perform the test at constant speed, making the trajectory more predicable and similar 

between test vehicles 

3. creating a pass/fail criterion on the entrance speed using a fictive lane to remain in as 

a safety performance indicator 

 This test procedure radically changes the complete scenario which implies that further 

development is necessary in order to reach a maturity level where it can be used for a 

vehicle rating. The obvious gain of using this strategy is that all vehicles are exposed to 

similar forces and torques. The main objective is to respect the highway exit lane which is 

easier to bring forward, rather than other more technically involved tests and measures.   

6.3.3 Conclusions and open issues 

The highway exit manoeuvre is a manoeuvre suggested by the eVALUE project and is still 

consequently immature in its development. Much work remains before this manoeuvre can 

be used as an assessment test of vehicles. The manoeuvre may be altered and further 

developed to make the assessment easier, according to the suggestion mentioned above. 

The performance indicator needs to be developed in parallel to the development of the 
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manoeuvre. When a certain level of maturity of the manoeuvre and assessment is reached, 

repeatability and robustness is needed to be checked by further testing. 

Even in this early state of development it has been seen that the manoeuvre is capable of 

revealing critical behaviour of tested vehicles such as tendencies to roll over, extreme and 

unexpected oversteering etc. It has also been noticed that the manoeuvre can be used to 

discriminate between smaller differences in performance, which is very promising for future 

development of the scenario.   

The scenario is novel not just in its manoeuvre but also with respect to the vehicle dynamics 

properties it addresses, namely understeering assessment. Understeering property tests has 

been considered for assessment and legislation tests before, but is usually rejected for being 

too difficult. The eVALUE approach with a holistic viewpoint of the scenario and vehicle 

enables an easier interpretation of the test. 
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7 Glossary 

Scenarios  Scenarios represent specific driving situations (related to real driving 

situations) which are relevant regarding the functionality of considered 

systems in the different clusters.  

Test Case  A Test Case is a particular implementation of a test procedure which 

differentiates from other test cases by the variation of one or more of 

specified parameters.  

Test Procedure  A description of how to perform a test. It can contain specific driving 

manoeuvres, including different test cases (tests with different speeds, 

different weather conditions, etc.), laboratory tests or design reviews to 

evaluate the system. (A test procedure should be described in such 

detail so the test results will be repeatable. A test procedure will specify 

the test resources needed to perform the test.)  

Testing Protocol  A Testing Protocol is the formal document containing test procedures 

necessary to evaluate the functionality of a vehicle or a system.  

Test Program  A Test Program is the collection of all the test procedures for all clusters. 

The eVALUE Test Program will be integration of all the test procedures 

developed within the project.  

Test Resource  A resource used to perform a test.  

Test  The execution of a Test Procedure  

Inspection  An Inspection is a systematic, comprehensive and documented analysis 

of a design to determine its capability and adequacy to meet its 

requirements. An inspection also serves to identify present and potential 

problems.  

Physical Testing  The Physical Vehicle Testing shall be based on preliminary scenarios 

that simulate the sequence of events that potentially can lead to specific 

hazards. The objective of this test procedure is to gather quantitative 

information regarding safety requirements, response of the system and 

result of the activation of the system.  
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8 Summary 

Although physical testing development at the test track is effort consuming, the gain in 

practical experience should not be underestimated. The real challenges and problems 

encountered in the test track clearly can not be discovered in any other way. A problem with 

practical experience is that so many things get lost while documenting it. This report is an 

attempt to document the findings and conclusions drawn at the test track and during the 

analysis of the measured data.    

The chosen approach of the eVALUE project; i.e. scenario based testing with a vehicle 

perspective makes the tests more or less independent of the specific safety functions on the 

tested vehicles and the need for adaptation to new functions are minimal. However, being 

tests performed at test tracks, with dummy road-users etc, this implies some difficulties. For 

example, 

 If a vehicle is not detected by a function is that due to a fault of the function itself or 

is it due to an inappropriate dummy vehicle used in the test? A test program must 

have means to handle updates of the test environment in such a way that it 

resembles the true traffic environment to the extent that the outcome of the test can 

appropriately represent the outcome in a real traffic situation. 

 Treating the tested vehicle as a black box implies a greater need of reliable 

instrumentation and measurement equipment as no internal sensors can be used in 

the test as a source of measurement.  

 Having the high ambition of measuring the safety impacts may imply an equally high 

confidence in the test methods, scenarios, assessments etc. The risk of misuse by 

e.g. designing functions adapted to the tests might be even higher for a vehicle 

perspective type of testing program than a testing program based on function 

testing. 

 How many repetitions of a test are considered sufficient to have a high level of 

confidence? This question depends on the scenario, the involved measurement 

equipment, dummy road-users, etc. Ideally, one would prefer a single repetition of 

each test from a cost and effort point of view, but this might not be practically 

realizable due to uncertainties in the test methods and the level of repeatability in 

vehicle performance. 

Another major issue connected to the chosen approach is the possibility to incorporate so 

called "positive false" events of the functions, i.e. an alarm/intervention without the potential 

hazard traffic situation, into the testing program. The safety functions available on the market 

today rely on sensors and decision making algorithms with an inherent risk of erroneous 

alarms/interventions (mainly for cluster 1 and 2). These risks are most often associated with 

a specific type of scenario. Ideally, it would be of great value if there was a possibility to 

assess these risks as they affect the perceived performance of the function. However, the 
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scenarios that would "provoke" positive false events are highly sensor/decision making 

algorithm dependent and needs a deep understanding of the operation, which is not be 

publically available. In addition, as the development of functions evolves, new weak points 

and scenarios will appear. Hence, it is not feasible for a testing program as the one 

suggested in this project to incorporate positive false event testing at a test track. A possible 

option for a future test program is to rely on OEM specifications and tests. 

The development testing that has been carried out during the project has been the major 

input for the development of the scenarios and test methods. Testing in practice is very time 

and effort consuming but a necessary part of the development. Most of the tests were 

performed towards the end of the project. A more efficient way of performing these tests 

would have been to divide the tests that were needed to be done among the partners in the 

beginning of the project. It is, however, not possible to foresee all the necessary tests in 

advance.  

The present status is that the testing protocols are in need of further development. Many 

findings and conclusions from the physical development testing reported in this document 

need to be supported by further investigation, before the suggested set of scenarios can be 

adapted as a full scale vehicle rating program.  Much work remains for all suggested 

scenarios, to establish the safety performance indicators. The indicators will be the 

foundation of the test program and the reliability of these must be total. Another important 

open issue is the number of repetitions each test needs to be performed. This needs to be 

further investigated by for example a variance analysis of the outcome of a set of subject 

vehicles for each scenario. 
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10 Appendix: Test reports  

10.1 VTI/SP/VTEC at Hällered, Vårgårda, Gothenburg and Stora Holm 

eVALUE-101231-D42-V20-FINAL-Appendix101-StoraHolm.pdf 

10.2 VTEC at Hällered 

eVALUE-101231-D42-V20-FINAL-Appendix102-Hallered.pdf 

10.3 TECNALIA, VTEC and IDIADA at L'Albornar 

eVALUE-101231-D42-V20-FINAL-Appendix103-LAlbornar.pdf 

10.4 CRF at Balocco 

eVALUE-101231-D42-V20-FINAL-Appendix104-Balocco.pdf 

10.5 TECNALIA, VTEC and IDADA at L'Albornar 

eVALUE-101231-D42-V20-FINAL-Appendix105-LAlbornar.pdf 

10.6 IDIADA at L'Albornar 

eVALUE-101231-D42-V20-FINAL-Appendix106-LAlbornar.pdf 

10.7 IKA/SICK at Aachen 

eVALUE-101231-D42-V20-FINAL-Appendix107-Aachen.pdf 

10.8 VTI at Papenburg 

eVALUE-101231-D42-V20-FINAL-Appendix108-Papenburg.pdf 

10.9 Alarms and trust in active safety system evaluation  

eVALUE-101231-D42-V20-FINAL-Appendix109-Warnings.pdf 


