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Summary

Protector is a three years project funded by the European Commission with the goal to demonstrate the validity of a preventive vulnerable road user protection system in the improvement of the traffic safety. During the project life three demonstrator vehicles has been developed by the consortium with the specific objective to test in experimental conditions the effectiveness of solution envisaged and user acceptance, even if at prototype level. The paper will describe objective and subjective evaluation methodologies and main results.

Protector Aims and Objectives

PROTECTOR is a project with the aims of supporting (by a common definition of system requirements), guiding (by using common EU guidelines for system evaluation and validation) and validating (by test-site operation) the development of the sensorial and communication systems needed to improve safety for the vulnerable road users in urban and rural areas, and consequently to support the driver completely in all environmental scenario, improving accident reduction and guaranteeing a positive and remarkable social impact.

The focus of the project has been on the definition of the application in terms of functionality (user needs, scenarios to be covered, limitations and misuses) and architecture (interactions among the different on-board and off-board systems). The development and validation of implementation concepts based on autonomous sensors. The investigation of the road user needs has been relevant both in the definition phase of the PROTECTOR requirements and in the final assessment phase.

The Consortium developed car demonstrators, based on commercial vehicles and cars, which allowed the involvement of possible end-users since the beginning of the project. Thus it has been possible to work in parallel on system safety, system architecture and users interaction tasks in iterative steps to improve continuously the final product considering the end user requirements.

Since project beginning PROTECTOR involved a group of potential users in order to define their needs. This process has been achieved by the involvement of the users in specific field test in which the PROTECTOR application has been simulated and evaluated by interviewing campaigns. With reference to the vulnerable road users detection, the verification of the application taken place in a controlled test site (reproduction of the real life situations in an artificial environment) including the scenario identified during the project first phases.

The Consortium involves the following European and extra –European partners: Centro Ricerche Fiat S.C.p.A., Università di Pavia, Centro Studi sui Sistemi di Trasporto, (Italy), DaimlerChrysler AG, MAN, IBEO Lasertechnick Hipp KG, SIEMENS, TÜV Kraftfahart GmbH, Institut fuer Kraftfahrwesen Aachen, (Germany) Israel Aircraft Industries – TAMAN, RAMOT (Tel Aviv) University Authority for Applied Research and Industrial Development Ltd. (Israel).

Protector demonstrators

The three demonstrator vehicles built inside the project are a MAN truck with SiemensVDO 24 GHz radar, a FIAT passenger car with IBEO laser scanner and a DaimlerChrysler passenger car with DaimlerChrysler stereo-vision.
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In the MAN truck the sensorial system is based on 24 GHz Near Distance Sensing Radars will be adopted to measure the radial distance and speed of every object within the observation zone. Each sensor has a single beam with a horizontal beam opening of approx. 50 deg. and a vertical beam pattern of approx. 10 deg. Using 3 sensors, distributed on the right side of the track, an overall zone of approx. 8 m in length can be monitored. Angular position sensing is possible where at least two NDS radar modules have overlapping beam zones. 

The system assist truck driver during right turn at intersection: warn for bicyclists that go straight.

There are two principal feedbacks to the driver:

Information Situation: if object was detected by sensor 1 or sensor 2 within range 30-200 cm and the driver has activated blinker for right turn) 

Warning Situation: (if object was detected by sensor 1 or sensor 2 within range 30-200 cm and the driver has turned the steering wheel more than 90° to the right) 
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The sensorial system is based on the new IBEO laserscanner LD ML Automotive. It is a high resolution scanner with an integrated DSP for sensor-internal signal processing. The laserscanner emits pulses of near infrared light and measures the incoming reflections of those pulses. The distance to the target is directly proportional to the time between transmission and reception of the pulse. The scanning of the measurement beam is achieved via a rotating prism

The system assist driver in the front part of the traffic scenario: warn both the driver and the vulnerable road user. 

The driver have a tree level warning with visual feedback on a display and acoustical warning via speech information. The vulnerable road user get an acoustical warning from an array of buzzer placed behind the front bumper.
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The sensorial system is based on two non-interlacing digital cameras are installed near the interior mirror, facing the detection area. The distance between the cameras, the baseline, amounts to 25cm. They are manually calibrated so that corresponding points of objects at infinite distance in front of the car meet the same image coordinates in both cameras. 

The system assist driver in the front part of the traffic scenario: warn the driver.

The driver have a one level acoustical warning in danger situation.

The evaluation process

In PROTECTOR the evaluation process gives strong emphasis to the verification and validation of the concept of vulnerable road user protection application as far as defined within the project.

The evaluation plan comprises a series of different trials that will be carried out with different objectives and means.

The following figure describes the evaluation process.

Two steps characterise evaluation plan, they are:

Verification Phase

Validation Phase

The paper will describes main outcomes of this two activities
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The verification phase

For verification and validation of the PROTECTOR System a test procedure was developed to assess the performance of the environmental sensors, to evaluate the function of the Risk Assessment Module (RAM) and to verify the user acceptance of the system. The aim was to define a test site with standardized reproducible tests for all three demonstrator vehicles. These tests are unique as they describe the first large-scale field tests on Vulnerable Road User (VRU) detection from a moving vehicle. During each test data were processed and logged online. There was no off-line processing (optimisation) of the results and secondary measuring equipment was available through all runs on the closed test track and all runs in real traffic. For all tests, detected VRU positions had to lie within a specified tolerance range from true position in order to be counted as correct [3]. 

Theoretical Background Of PROTECTOR Demonstrators And Performed Tests

The requirement of a standardized test description leads to an idealized view of the demonstrators' architecture. This generalized view is represented in the following figure with the different modules of a PROTECTOR system. All modules exchange data by defined interfaces, which are also depicted in Fig. 1. According to this model a system consists of vehicle dynamics sensors describing the vehicle ego movement, environmental sensors collecting information about the surrounding traffic, the RAM unit assessing the risk of a traffic situation and the HMI providing information to the driver. 

[image: image1.wmf]1

2

3

Vehicle 

Dynamic

Sensors

Environm.

Sensors

Control

Unit

(RAM)

HMI

No Warning

Information

Warning

Risk level

Distance, Speed 

VRU classification 

1

2

3

1

2

3

Vehicle 

Dynamic

Sensors

Vehicle 

Dynamic

Sensors

Environm.

Sensors

Environm.

Sensors

Control

Unit

(RAM)

Control

Unit

(RAM)

HMI

HMI

No Warning

Information

Warning

Risk level

Risk level

Risk level

Distance, Speed 

VRU classification 

Distance, Speed 

VRU classification 


Fig. 1:
Generalized PROTECTOR system architecture    

Dedicated tests check data integrity on each of the interfaces. On interface 1 the performance of each environmental sensor is tested in terms of the sensor coverage area, distance and velocity accuracy of(detected, possibly classified) objects. These parameters were determined on a closed test track in the so called Basic Requirement Tests (BRT) using standardized targets set up on defined positions (wooden square plates with varying size and reflectivity for the Lidar sensor, a two dimensional human silhouette for the stereo vision system and triple reflectors with varying cross section for the radar sensors). 
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Fig. 2:
Setup for passenger cars synthetic scenarios and for truck warning strategy

Subsequent to the BRT several scenarios were played out on the test track involving one real cyclist overtaking the truck during a right turn scenario. For the passenger cars up to two real pedestrians performed street crossings in front of the vehicle. Within this sequence the pedestrians' walking speed was varied and additional road side objects (RSO) were set up in some passenger car scenarios to create noise. For the passenger cars these so called synthetic scenarios (SSA) were designed to focus directly on the challenging VRU classification capability (interface 1). Beyond a few illustrative results on the RAM unit performance are given from these tests (interface 2), a more complete evaluation is done later in the User Acceptance Tests (UAT). 

The experimental setup for one of the passenger car scenarios is shown in Fig. 2 (left), with driveway, VRU start positions and secondary measuring equipment. Here we used light barriers to determine the entry and exit time of the demonstrators and Sick laser sensors to gain ground truth position of the VRU with respect to the x, y-system. For the determination of the vehicle longitudinal position on the driveway, a Correvit sensor and for the lateral position an ultrasonic sensor were used. For comparison of ground truth VRU positions (x, y-system) with data collected from the moving vehicle (x*,y*-system), a coordination transformation was performed. For a complete description of the scenarios' setup see [1].

Contrary to the passenger cars, the truck's right turn scenario was designed to measure directly the correct and missing alarm rates of the warning strategy (interface 2) as the radar sensors did not provide any VRU classification. The test was done according to the setup in Fig. 2 (right). VRU and truck are driving on defined paths with reproducible lateral distances and speeds. During the truck's cornering the cyclist was overtaking and the system reaction (alarm/no alarm) was logged.  

The tests in real traffic, the so called Real World Tests (RWT) represented the ultimate test for all three demonstrators. Within these tests the detection rates of the stereo vision system and laser scanner (interface 1) and the alarm rates of the truck's warning strategy (interface 2) were determined under real traffic conditions. For the evaluation of the RWT camera pictures were used as reference. A detailed description of the evaluation process is given in [3]. The RWT involved two separate runs of half an hour each for the passenger cars and two runs of 40 minutes for the truck. The test course followed a pre-selected route through the suburbia and inner city of Aachen. For the passenger cars, ten test persons, in addition to the normal pedestrian that happened to be on the street, acted as pedestrians either standing or crossing the street at various walking speeds. The same number of cyclists were placed around the truck circuit. 

Basic Requirement Tests And Results

The BRT showed a good performance for all three sensor systems. The Lidar sensor's distance deviation on single points was smaller than 0,5m in longitudinal and smaller than 0,25m in lateral direction. The targets were detected in the whole specified sensor coverage area (SCA), large targets with a good reflectivity up to a range of 29,75m and small less reflecting targets up to a range of 19,60m. 

The stereo vision system received comparable results as the vision target was detected in the whole specified SCA up to a range of 25 m with a distance deviation in longitudinal direction on the middle axis smaller than 0,4 m and a deviation of the lateral position smaller than 0,3 m on the sides of the SCA. 

The three radar sensors were all tested separately. The BRT showed that all sensors detected the reflectors with a distance deviation of less than 0,3m on the antenna bore sight axis. Targets with a small radar cross section were detected in the whole specified SCA without any problems. On the other hand large targets were not detected by sensor 2 and 3 when they were closer than approximately 2 m to the demonstrator. Outside this located blind area these large targets generated multiple reflections at all three sensors. 

Results Of Synthetic Scenarios On The Test Track

Within the synthetic scenarios the results were obtained by comparing the stereo vision distance output (lateral and longitudinal) with the ground truth VRU positions from the secondary measuring equipment. As an example, Fig. 3 shows the lateral and longitudinal VRU positions from the stereo vision system (dots) and the ground truth positions (continuous lines) printed over time for one run. Beyond, the entry and exit times of the demonstrator in the drive way are marked. Regarding the output of the RAM one can find that the calculated risk value for VRU1 is always above the risk value for VRU2 what is reasonable from the setup of the scenario (VRU1 is closer to the vehicle than VRU2, see Fig. 2).
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Fig. 3:
Lateral distance (left), longitudinal distance (right) and risk values of VRU1 and VRU2 

The classification results of the DC stereo vision system show a very good performance in all played scenarios with a perfect trajectory sensitivity score of 1.0 (all pedestrians detected/classified) and a precision of 0,96 on trajectory level. On object level the system achieved an average sensitivity of 0,82 and an average precision of 0,94. (Where "sensitivity" describes the number of correct system responses divided by the number of all responses according to GT and "precision" is the number of correct system responses divided by all system responses). 
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



The synthetic scenarios done with the CRF demonstrator show that the laser sensor is capable of detecting the VRU in each of the performed scenarios, but there were a high number of false detections, on various test equipment (poles, pylons, vehicles, etc), so that results could not be evaluated in the manner of the DC demonstrator. The following Fig. 4 describes exemplarily the detected pedestrian positions (lateral distance) as a function of time for one run of SSA01. In Fig. 4 one can see that the sensor classifies also objects in front of the measuring track entry as pedestrian (lateral distance between +2 and –1,5 m, track width in front of measuring track was set to 3,5 m here). These objects are pylons with a height of 50 cm in the sensor coverage area that were used to mark the track for the test driver. According to the above mentioned false classifications the risk value output of the RAM rises form 0 % already before the entry position, see right graphic in Fig. 4. Contrary to the RAM in the DC demonstrator a correlation with one of the pedestrian in the sensor coverage area can not be given from these tests as only a total risk value for the scenario was given out on the CAN bus.
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Fig. 4:
Laser scanner lateral VRU position (left) and RAM output (right) 

The MAN truck's warning strategy was tested according to the experimental setup in Fig. 2 and Tab. 2 summarizes the results. Within this testing sequence 10 test runs on distance warning (DW) were done for lateral distances of 1 and 2 m and 10 test runs on an approaching cyclist (approach warning, AW) with lateral distances of 1, 2, 4 and 6 m were performed. Within the 20 runs on DW, 16 correct warnings were obtained for 1 and 2 m (80 % correct warnings). In 4 situation the system did not give a response (missing warnings 20 %). For the warning on an approaching cyclist (AW) 33 warnings were correct (correct warnings 84,7 %) and in 6 situations the system did not react on the cyclist (missing warnings 15,4 %). One of these tests could not be evaluated due to measurement file damage. 

	Distance Warning 
	Lateral Distance [m]
	Approach Warning 
	Lateral Distance [m]

	
	1
	2
	
	1
	2
	4
	6

	Correct (Rate)
	8 (80%)
	8 (80%)
	Correct (Rate)
	5 (50%)
	10 (100%)
	8 (88,9%)
	10 (100%)

	Missing (Rate)
	2 (20%)
	2 (20%)
	Missing (rate)
	5 (50%)
	0 (0%)
	1 (11,1%)
	0 (0%)

	Correct (Rate)
	Total 16 (80%)
	Correct (Rate)
	Total 33 (84,7%)

	Missing (Rate)
	Total 4 (20%)
	Missing (Rate)
	Total 9 (15,3%)


Tab. 2:
MAN truck warning strategy results on test track 

Results Of Passenger Cars' RWT 

The following Tab. 3 shows the performance of both sensor technologies during the real world tests. The DC stereo-vision system detected/classified a fair 45% and 69% of all pedestrians on the road for both runs of the RWT, respectively (per-scan detection rates were 32% and 43%, respectively). Two different parameter setting were used at each run, the first setting aimed to minimize the number of false detections, whereas the second was geared towards maximizing the correct detections. The average number of false detections/classifications, normalized per sensor scan/per image was 0.025 and 0.082, respectively. For completeness, average processing rates were 13 Hz and 12 Hz for run 1 and run 2, respectively. Rates were closer to 4-10 Hz in case that pedestrians were actually present in the SCA. 

	
	CRF (laser scanner)
	DC (stereo vision)

	
	Run 1
	Run 2
	Run 1
	Run 2

	Total Duration [s]
	1854
	2089
	1615
	1432

	Avg. Proc. Rate [Hz]
	21,2
	21,4
	13,2
	12,1

	Correct Detect. Rate per scan
	65%* (460/713)
	72%* (554/771)
	32% (153/485)
	43% (159/370)

	Correct Detect. Rate (trajectory based)
	N/A
	N/A
	45%
	69%

	Avg. Num. false Detect. per. scan
	0,846** (30324/1691/21,2)
	0,713** (26393/1729/21,4)
	0,025 (543/1615/13,2)
	0,082 (1427/1432/12,1)

	Avg. Num. false detect. (trajectory based)
	N/A
	N/A
	0,0054 

(144-29)/1615/13,2
	0,016 

(317-34)/1432/12,1


Tab. 3:
DC/CRF-RWT results (*based on the ika VRU, **based on sequences without VRU in SCA) 

For the CRF system, The total duration of the RWT run 1 and run 2 were 1854 s respectively 2089 s. In this time 35959 pedestrian (run 1) and 40615 pedestrian (run 2) were reported by the sensor. Compared to the stereo vision system, the laser scanner system managed a higher per-scan detection/classification rate of 65% and 72% for both RWT runs, respectively (no results are available on the fraction of different pedestrians detected). To determine the average number of false detections the sequences without any pedestrian in the sensor coverage area were cut out. Now the duration of run 1 is reduced to 1691 s with 30324 false pedestrian detections and the duration of run 2 is reduced to 1729 s with 26393 false pedestrian detections and the average number of false detections, normalized per sensor (laser) scan became very large at 0.846 and 0.713, respectively. Tab. 3 presents correct, false and missing detections of VRU in SCA 

According to [2] both runs for the MAN RWT were performed although sensor 3 did not work correct. This failure of the third sensor did not influence sensor 1 and 2, so that the tests could be performed with the remaining SCA. This did not impair the results due to an independent evaluation of each sensor. The evaluation of both test runs is made in two different ways: event-based and time-based and it is distinguished between approaching VRU and any obstacle in 2 m lateral distance. Tab. 4 summarizes the results of the MAN RWT. Row "GT" (ground truth) shows the number of situations were the system should give an alarm and row "alarms" are logged system reactions. The first run is analysed event-based with a high number of missing alarms on approaching VRU. 59 and 77 % were not detected but the system received a good number of correct distance warnings (65 and 93 %). A comparable result is given from the second run where we used a time based evaluation. The system missing rate for approach warning is 92,7 and 94 % but the distance warning is again very good with 62 and 96,2 %.  

	Run 1
	Run 2

	 
	Appr. VRU
	Obstacle 2 m
	
	Appr. VRU
	Obstacle 2 m

	 
	S1
	S2
	S1
	S2
	
	S1
	S2
	S1
	S2

	GT 
	22
	22
	28
	26
	GT [s]
	124
	134
	53
	50

	Alarms
	6
	11
	29
	20
	Alarm [s]
	64
	64
	64
	81

	correct (rate)
	5 (23%)
	9 (41%)
	26 (93%)
	18 (65%)
	correct [s] (rate)
	9 (7,3%)
	8 (6,0%)
	51 (96,2%)
	31 (62%)

	false
	1
	2
	3
	2
	false [s]
	55
	56
	13
	50

	missing (rate)
	17 (77%)
	13 (59%)
	2 (7%)
	8 (35%)
	missing [s] (rate)
	115 (92,7%)
	126 (94%)
	2 (3,8%)
	19 (38%)


Tab. 4:
MAN truck RWT results

The validation phase / User Acceptance Test

Main part of the Validation Phase was the User Acceptance Test (UAT). The results of the User Acceptance Test delivers the information needed for the further development and HMI-design of the PROTECTOR-System, that is the system’s perception and understanding. Besides that the attitudes towards the system and the willingness to pay are explored.

Test Criteria 

The User Acceptance Test mainly focus on the user perspective, which can be divided into three levels: the cognitive, the emotional and the product acceptance level. To examine the user perspective two different questionnaires, one to be answered during the driving, the other one after the driving cover following aspects:

Cognitive Level

· operational framework understanding

· system’s learnability

· system’s perception/obtrusiveness

Emotional Level

· perceived safety 

· distraction / entertainment-effect

· congruence of perceived traffic situation and system performance

Motivational Level 

· attitudes towards the PROTECTOR-System or systems with similar functions

· willingness to pay

Beside the subjective user perspective the actual system performance during the test drive was be recorded, i.e. for each situation it will be recorded whether the PROTECTOR-System gives a warning or, if the system distinguish between warning and information, an information or none of them. The system performance will be contrasted with the user request in the specified situation (e.g. in Table 1). 

	UAT_Test Situation
	System performance
	User request 

	No Warning Situation
	Non 
	Information
	Warning
	Non
	Information
	Warning

	Information Situation
	Non 
	Information
	Warning
	Non
	Information
	Warning

	Warning Situation
	Non 
	Information
	Warning
	Non
	Information
	Warning


Tab. 5:
Example for contrasting system performance and user request in case of total accordance

Test Scenarios

The system performance was analysed by defined traffic situations. The defining aspects had been: 

· Number of involved vulnerable road users

· Relative position and relative speed of VRUs to PROTECTOR-vehicle

· Speed of PROTECTOR-vehicle.

While the speed of the vehicle constantly was 30 km/h the relative position and relative speed of the VRUs to the vehicle were changed in that way, the three kind of situation were established:

No Warning Situations: 

For the specific run of events no collision is expected, because no VRU are – or obviously intend to do so – on a collision course. 

Information Situation:

The specified run of events is not yet critical, but changes that leads to a critical situation (i.e. collision) are likely. These changes applies mainly to changes in the speed of the movement (e.g. VRU starts moving, speeds up or suddenly stops). 

The Information Situation for the User Acceptance Tests were selected by a process of independent expert assessments and intersubjective accordance. Within the Information Situations the stated distances are rated by expert assessment and are pre-tested. 

Warning situation: 

For the specified run of events a collision is expected if neither VRU nor the vehicle modify its course or speed. 

Within the Warning Situations the stated distances are orientated at the latest point of time a reaction could prevent the collision, that means, if the driver does not emergency break at this point, the vehicle is going to hit the VRU. This point is an approximate value – given a vehicle-speed of 30 km/h, a minimum reaction time of 1 sec. and estimated braking distance of 6-8 meters. 

The classification ensures that during the User Acceptance Test the drivers experience situations of different risk impact. However the subjects will not be  provided with the classification, rather they have to make their own assessment.

For the passenger cars the main testing scenarios was the vehicle moving straight ahead and pedestrians standing or crossing the street in front of the vehicle, while for the truck it was the turning off to one’s right and bicyclists or pedestrians on the right roadside. 

Test implementation

The user tests were set up in urban area and on a dedicated test track in Aachen, Germany,  during two weeks in October 2002. With a total of 52 drivers the three demonstrators had been tested. Every test trial lasted about 120 minutes, it comprised a pre-questionnaire to explore the subjects experience and attitudes, an introduction to one of the systems, a one hour test ride on a selected route in urban area and through defined test scenarios on the test track and an extensive questionnaire after the test to explore the user experience on cognitive, emotional and motivational level. 

Results

The “operational framework” of the PROTECTOR-System was easy to understand. This is not very surprising since the system did not require any handling. Where different warning strategies came into play - like a different-level-warning - the intuitive operation decreased.

Concerning the kind of information (visual or acoustical) a clear preference for an acoustical warning can be concluded. The passenger car drivers assess the acoustical warning in general much more sensible and preferable than the visual warning. These estimations are confirmed by an insufficient perceptibility of the visual warning and its identified distraction impact. Both had not been found for the acoustical warning. The visual information of the truck, that was displayed in the rear-view-mirror was assessed better. 

With regard to the results on the acoustical warning it has to be emphasised, that the warning has to be loud and long enough to be helpful. Concerning the kind of the acoustical output, the results show a tendency in favour of the warning sound instead of a synthetically voice. 

However, one should take into account that those results might be affected by the familiarity with the version the subjects had experienced in the test. That is, those subjects who experienced the voice are more likely to vote for the voice than subjects  that had experienced the sound et vice versa. Regarding the type of sound the results are mixed – that means this topic is ruled by a wide spectrum of individual preferences. On the one end stands the request of a rather sharp tone, that unmistakably alerts the driver, while on the other end a rather smooth tone is mentioned, that informs the driver without startling him. 

Information on the position of the VRU was partly desired during the test. Notwithstanding that we have to warn against an elaborate warning that is likely to overstrain the driver in a situation in which he has to react quickly and correctly in order to prevent an accident, what means to save life. More or less the same is true for the kind of VRU. Some drivers considered this information helpful, because a bicyclist runs faster than a pedestrian and therefore the driver has to react faster. 

An individual adjustment of the volume seems to be desirable and uncritical, while the adjustment of the duration still has to be discussed. The same is true for the possibility to switch off the warning, or even more delicate the individual adjustment of the warning-point-of-time. This is not only an ergonomic question, but also a political one. If the PROTECTOR-System should be merely of comfort feature, the individual adjustment should be maximal. With regard to safety aspects, at least the warning-point-of-time should be set by experts and based on thoroughly carried out studies and calculations. 

Discussing the results on the risk compensation effect, the concept of the “risk homeostasis” (Wilde, 1974) has to be in mind. The results of the present study offer no real reason to be concerned. In the questionnaires and during the test ride there had been few indicators for an estimable risk compensation. It rather seemed that the drivers were aware of this danger - quite a few people stated before the test ride their concern, that drivers would rely too much on such a system. This fits to the results that about a third of all subjects stated that they think that the increased feeling leads to more inattention. 

The results on the distraction impact of a system like PROTECTOR show some inconsistencies. Quite a few subjects stated that they felt distracted through the warning during the ride, while as they same time they estimated that they would rather be distracted by a system like PROTECTOR. This finding might result from a concern of (mental) overload if such a system would be in every-day use (and not only in a one-hour-test ride). Since anyway the assessed distraction impact is relatively high, further examination of this topic is advised. 

The test scenarios (situation classification) were validated by the subjects assessments of the situations, but the warning request and the situation assessment sometimes mismatched. That is, sometimes no warning was desired though the situation was assessed as rather critical and the other way round. Although in most cases, the situation assessment and the warning request matched, it can be concluded, for both passenger car and truck drivers, that the assessment of the situation is an essential but not sufficient factor of the warning request. 

Sometimes in uncritical every-day-situations, like pedestrian standing at the traffic lights, a warning appeared desirable. Usually those desires were relativised when the subjects were asked to imagine how often warnings then would be given in normal traffic. However the actual ideal amount of warnings (i.e. the warning strategy) from the user’s point of view could only be analysed by a long-term-field-study.

Conclusion

The results show that a driver assistance system to prevent accidents with VRU is highly attractive. The majority of the subjects had shown high expectations and positive attitudes towards a PROTECTOR functionality – they encountered systems that from technical performance point of view, were still in early stages of development.

The actual premature state of the systems does not yet allow a final user judgement on the HMI or on safety improvements. Nevertheless, the results represent an important first step towards the better development of VRU systems, and the following  conclusions can be drawn:

· The allowance for false alarm seems to be very low. If a driver experience too many false alarm, he will ignore the warning. Further research and development therefore need to focus on reducing the false alarm rate, while maintaining an acceptable VRU detection rate.

· The warning should be given early enough to allow the driver to react well considered. Additionally the need and acceptance of an active intervention (e.g. slight comfort breaking) should be explored. 

· The warning should be given acoustically – and the volume should be loud and long enough. A mere visual information is not sensible and possibly might rather decrease safety due to its distraction effect. A combination with visual information might be useful. Further research on the HMI is needed: while the display in the rear-view-mirror was positively assessed for the truck, the on-board display in the car appeared not to be helpful. 

The following aspects need further investigation

· tolerance of false-alarm on the long run

· the distraction effect of the PROTECTOR-System 

· the “ideal acoustical warning output”: warning sound or voice, obtrusiveness of the sound (or general: individual choice of the sound)

· potentially: visual display in mirror or Head Up Display (especially for passenger cars)

Finally, one needs to realise, that although a lot of research still needs to be done, the results presented in this document represent an important first step towards the better development of VRU systems, and a better understanding of their impact on the user.

Abbreviations

VRU

Vulnerable Road User

RAM

Risk Assessment Module
BRT

Basic Requirement Tests

RWT

Real World Tests

RSO

Road Side Objects

SSA

Synthetic Scenarios

UAT

User Acceptance Tests

GT

Ground Truth

SCA

Sensor Coverage Area
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