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Abstract — This paper presents first results of the project SAVE-U (Sensors and system 
Architecture for VulnerablE road Users protection). It has been funded by the European 
Commission (EC) in the period between 2002 and 2005 (5th IST framework program). 

The goal of this project is to enhance the safety of pedestrians in hazardous traffic situations 
(see Figure 1) [3]. To be able to do this, special active countermeasures (actuators) can be 
integrated into the vehicles. This paper deals with a sensors system which is able to deploy 
such actuators in critical situations in a suitable way for the driver. 

Radar sensors (SiemensVDO/ Germany), color cameras and infrared cameras (CEA/ 
France) mounted into demonstrator vehicles observe the scene in the frontal area. The 
information of the individual sensors is fused and applied to a deployment algorithm for a 
braking system. In case of a dangerous situation the vehicle brakes automatically to decrease 
the vehicle speed and to increase the safety of the pedestrian. 

Two car manufacturers (Volkswagen (see Figure 4) [3] and DaimlerChrysler [9], both 
Germany) equipped their cars with this sensor platform for recognizing pedestrians and 
developed algorithms to provide their individual protection strategy. Both vehicles are tested 
by MIRA/ UK. This paper presents the first results of tests with the SAVE-U system in the 
Volkswagen vehicle. 

   

Figure 1. Dangerous situation before and after  the collision vehicle vs. pedestr ian. 

I . INTRODUCTION 
In the European Union there were approx. 5,000 deaths and 140,000 injured victims every 

year as a consequence of road accidents in which pedestrians collide with a car. Figure 2 
shows the fatality figures in recent years. Accidents with pedestrians represent the second 
largest source of traffic-related injuries and fatalities. A European-wide effort is being spent 
to enhance passive and active safety measures on vehicles in order to reduce the injury level 



 
 

 

and the number of fatalities. 
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Figure 2. Number  of fatalities in the recent years (12 EU countr ies) [10]. 

The European Commission (EC) set the aim for the automotive industry to enhance the 
safety of pedestrians and thus reduce until 2010 the road fatalities by 50 % compared with the 
figures of the year 2001. For this purpose, two phases were defined by the EC. 

In the first phase activities mainly involve constructive measures (so-called passive 
measures) at the vehicles. These are to be applied until 2005. The requirements of the second 
phase (ending in 2010) demand possibly not only passive measures but additionally active 
and/ or preventive systems to be introduced in future vehicles as well. 

The wide range of safety measures which are currently under discussion (e. g. active hoods, 
active bumpers, driver warning, etc.) can be structured as depicted in Figure 3. In this diagram 
three main categories are introduced, namely passive, active, and preventive methods. 
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Figure 3. Categor ization of car  safety measures. 



 
 

 

A characteristic of active and preventive systems is that they have to be deployed before the 
crash/ contact occurs. This can be supported by an environmental recognition system. For 
recognizing and classifying a certain traffic situation, sensors like cameras and radars are 
necessary. 

The SAVE-U sensor platform consists of 24 GHz short range radar sensors, and cameras in 
the visible and infrared domains. In the literature some high-level-fusion approaches have 
been presented. In addition to this, the SAVE-U system implements low-level-fusion 
algorithms to fulfill the strong requirements. 

To achieve accurate trigger information for automatic protection systems (e. g. automatic 
braking or other reversible systems) as well as warning information for drivers, a high 
performance sensor platform is substantial. 

The radar network allows detecting the covered surrounding of the vehicle, measuring 
distance, velocity and azimuth angle of objects [2]. 

The necessary object classification task (decision pedestrian/ non-pedestrian) is carried out 
by the infrared camera. In infrared images pedestrians can be classified relatively easily, due 
to the perception of the infrared radiation (temperature) of the human body. The color camera 
information is used for confirmation purposes. 

I I . ARCHITECTURE AND SENSOR FUSION CONCEPT 
The SAVE-U platform bases on five 24 GHz radar sensors distributed in front of the car 

which are mounted invisibly behind the front bumper and cover the full car width. Figure 5 
shows the SAVE-U coverage area of the radar network. 

 

 

Figure 4. Volkswagen Demonstrator  Vehicle equipped with five Radars, infrared camera and color  
camera. 

Due to this arrangement, range (i. e. radial distance) and relative velocity information are 
available for objects at short and mid ranges across the full car width. Additionally, the radar 
network provides the azimuth angle of objects relative to the vehicle. All this is important for 



 
 

 

the data fusion concept. The radar network is also used for providing a precise object 
trajectory over time (see red trajectory in Figure 7). 

While the radar system performs obstacle detection, the two cameras are designed to 
identify their class (pedestrian or non-pedestrian). 

 

Figure 5. Coverage area of the radar  network. 

Two different types of vision sensors are applied in the SAVE-U system: 
§ A mono vision camera (CCD color camera SONY XC 555P, 768x576 pixels) and  
§ an infrared camera (micro-bolometer technology, JADE UC from CEDIP with a 

focal lens of 40 mm for a total field of view of 20°) [5]. 
The preferential detection strategy is a mixing between radar driven fusion and co-operative 

fusion (see Figure 6). 



 
 

 

 

Figure 6. Data flow diagram with high-level- and low-level fusion approach. 

The radar driven approach means that the overall performance is linked to the radar 
detection rate. Therefore, a co-operative approach where radar provides detection results, 
which are checked, afterwards by video (in addition to the video detection itself) seems to be 
more reliable due to redundancy. 

The radar and vision systems do their detection procedure independently from each other. 
The radar sensors detect reflected electromagnetic energy. Afterwards, a basic fusion 
algorithm combines all five radar sensors detections. On the vision side, detections form the 
color and infrared domains are fused [1]. 

For the low-level fusion, radar information (that means range, relative velocity, azimuth 
angle and a rough classification indicator) are sent to the video detection stage. 

The vision processing searches for regions-of-interest (ROI) in the far infrared image 
(thermal) and validates them using the radar information. It starts then a classification 
algorithm. Compared with pure video methods this detection procedure achieves better results 
because of the usage of two different types of sensor information. 

I I I . PEDESTRIAN SAFETY IN URBAN AREAS 
From the accident research point of view the highest benefit for pedestrian protection can 

be achieved between 30 km/h and 50 km/h. Here, the relation between reductions of collision 
speed versus injury severity shows the highest values. This is the main reason why the SAVE-
U system was designed for urban areas mainly. 



 
 

 

In a typical urban scenario many pedestrians and vehicles are present simultaneously. The 
processing power of the recognition system must be high enough to cope thus situations. 

In order to deploy an actuator to enhance pedestrian safety a very precise pedestrian 
classifications and trajectory measurements is required [7]. 

These are requirements that can be fulfilled automatically only by high-performance 
algorithms and high-speed computers. 

As mentioned before the SAVE-U demonstration vehicles use an electronic braking system 
to decelerate automatically the vehicle in case of critical situations. Obviously, no false 
alarms (i. e. braking without critical situation) can be accepted by the driver. Therefore, a 
minimized false alarm rate is essential for a suitable safety system. 

The braking strategy is as follows. In case of a dangerous traffic situation, the brake will be 
activated very early (approximately 1 second before the contact). This is necessary to have 
sufficient time for speed reduction. Each millisecond which can be won increases the chance 
of reducing injuries (see Figure 7) and is very welcome. 

 

Figure 7. Brake deployment 1 sec before the contact vehicle vs. pedestr ian occurs. (Blue: 
radar  observation area; orange: camera observation area; green: real pedestr ian 
trajectory; red: measured pedestr ian trajectory). 

Due to the fact that the requirement of an early deployment is contrary to the requirement of 
a low false alarm rate, the brake pressure must be controlled carefully. The full brake pressure 
can be applied only in the case that the contact (crash) with the pedestrian is unavoidable. 
Calculations show that an unavoidable crash can be predicted earliest approximately 300 ms 
before the contact. 

Therefore, the Volkswagen demonstrator vehicle operates with lower brake pressure 
(moderate deceleration) in the interval between 1 sec down to 300 ms, and with full brake 
pressure (hard braking like emergency braking) below 300 ms. 

Figure 8 shows some examples of the quality of the pedestrian recognition system which is 
based mainly on infrared images. 



 
 

 

 
 

 
 

 
 

 
 



 
 

 

 

Figure 8. Exper iences with the pedestr ian classifier  in urban road conditions. 

The figures above provide some impressions how the pedestrian classification system 
performs. The infrared images (thermal far infrared) can be used for classification of 
pedestrian and non-pedestrian very easily due to the high contrast between background and 
pedestrian. All detected VRU objects were marked by a red bounding box. Sometimes there 
can be several bounding boxes observed marking only one pedestrian. This is the result of the 
used detecting algorithm and is filtered out afterwards. The images in the visible domain were 
used for confirming the infrared detections. 

Infrared camera and the camera in the visible domain were used as in a mono vision 
approach. That means there is no triangulation calculation in it. Therefore the distance of 
objects is estimated by using the flat road approach. The exact feet’s position in the image is 
necessary to estimate the distance. This estimation works quite well, but is affected by the 
movements of the vehicle of course. 

The distance information provided by the camera system is then fused with the radar 
distance measurement. By combining these values the trajectory accuracy can be increased 
dramatically. 

IV. CONCLUSION 
SAVE-U is a high performance sensor platform for the active protection of pedestrians. 

Reliable information coming from the sensor platform and several fusion stages is necessary 
for an automotive application like pre-crash, especially in the case of pedestrian vs. vehicle 
collision prevention. 

Using both camera and radar information in a combined low-level and high-level fusion 
procedure shows good results and seems to be a right decision. 

On the other hand, the performance of the current sensors at the moment is not sufficient for 
non-reversible deployments (e. g. for windshield airbags or other non-reversible safety 
measures). It will require further challenging research steps to fulfill the hard requirements 
posed by the EC to reduce the number of fatalities by 50 % until 2010. 

Another open question involves the financial repercussions of integrating additional 
equipment required for active safety systems in serial vehicles. In order to deliver economic 
feasible systems, the sensors used must also be applied also for other driver assistance 
functions. 
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