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9. Annex:  

State of the art in terms of  

vulnerable road user (VRU) protection concepts  

– Detailed Bibliography 

In chapter 3 a brief description about state of the art in terms of vulnerable road user 

protection was given. It is a summary of the more detailed bibliography in this 

paragraph (annex chapter 9). 

 

This chapter is structured as follows: at first a bibliography of published conference 

papers is presented, and then a survey on patents and information coming from the 

internet and other sources complement it. 

 

Remark: The references of this survey on papers and patents provided in this annex 

chapter 9 are not repeated in the reference list in chapter 6 again. 

 

9.1 Survey on published papers 

In this bibliography a survey of published papers in terms of pedestrian protection 

concepts and systems is given. These papers were picked up from different sources 

in Europe, America and Asia. 
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9.1.1  Active Hood 

The protection system, an active hood, comprises two lifting elements, which lift the 

rear corners of the hood in order to increase distance absorption. These elements 

can be: 

·  Electromechanical actuator as DC motor. 

·  Compressed metal bellows which are filled with gas. 

 

 

 

fu ll  v iew

 
Figure 9.1. Example for an engine hood lifting system. 

 

 

The following papers are selected to give a good overview about existing systems 

and systems under development for the time being: 

 

[AUT02] Automotive supply: 

June 2002 

Abstract: 

Peguform joined Siemens Restraint Systems (for the sensors) and 

Benteler (for the metal parts) and Festo (for the systems of release) to 

develop an active system to manage impact of pedestrian head. 

If the shock occurs, the hood raises itself to create a space to absorb 

energy. 
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[BRO01] Broge, Jean L.: 

„Autoliv actively saving lives“ 

Magazin "aei tech briefs", November 2001. 

Abstract: 

Autoliv announced that it had developed an active hood, a new system 

that could significantly reduce the risk of serious and fatal head injuries 

to pedestrians struck by cars. The patented design consists of sensors 

in the front bumper of the car that send signals to two actuators that 

then lift the rear part of the hood. The lifting elements are compressed 

steel bellows that are empty until a pedestrian is struck, then inflated by 

gas generators within 60-70 ms. 

One bellow on each side of the hood raises the rear part of the hood 

approximately 100 mm (4 in), which allows the pedestrian's head to 

contact a deformable and flexible surface instead of the car structure 

and other rigid parts. The new device also prevents a pedestrian from 

hitting the lower part of the windshield. (www.autoliv.se, www.sae.org) 

 

 

 

Steel bellows

 
Figure 9.2. Active hood system by Autoliv. 
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[EDO02] Edo Ros, Manel: 

„Aktuelle Konzepte im Bereich der Motorhaube“ 

IIR Fachkonferenz, Frankfurt am Main/ Germany, March 18-19, 2002. 

Abstract: 

This paper deals with crash-active concepts in the domain of engine 

hood. Technical feasibilities of active engine hoods are shown. Special 

techniques for lifting the hood are necessary to dose the kinetical 

energy lifting the hood. In addition to this frontal airbags are under 

consideration for pedestrian protection. Engine grill, windshield, 

windshield frame and the fender are under consideration as well. A 

special emphasis is focused on the system reparable capability. 

 

[EUR02] European Automotive design 

  April 2002 

  Abstract: 

TRW has developed an active hood based on electromechanical 

actuators using a highly dynamic Brushless DC motor. 

It is capable to raise the rear portion of the hood with a total weight of 

20 kg by 60mm within 60ms. 

The system is completely reversible: after deployment, the hood is 

simply snapped shut and the system is reactivated. 
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[HOF01] Hoffmann, J.; Kretzschmar, A.: 

„Active-Reversible Protection Concepts to Meet the New Pedestrian 

Protection Requirements According to EEVC WG 17“ 

VDI Berichte „Innovative Occupant and Partner Protection“, Berlin/ 

Germany, September 6-7, 2001. 

Abstract: 

There must be found technical solutions for the bumper, the frontend 

and at least the bonnet to absorb the impact energy in case of car-to-

pedestrian accidents. 

This paper is based on a study in which an active-reversible bumper 

and bonnet concept was designed and afterwards tested. It is shown 

that a pneumatic muscle is able to activate the lower bumper and the 

bonnet so that there is enough absorption way for the EEVC WG 17 

impactor. The activation of the actuator technology is realized by a 

combination of precrash and contact sensing which is able to sense a 

wide range of collisions. 

 

[JUS00]  just-auto.com  

 “A round-up of supplier innovations shown at Frankfurt”, 

25 September 2001 

Abstract: 

Ford's Focus demonstrator car presents a mechanical hood system, 

which is lifted by high spring pressure or pyrotechnically by gas 

injectors. 

 

[WÜS01] Wüst, Stefan: 

  „Überleben im Weichblech“ 

Magazin "Der Spiegel", 46/2001. 

Soft vehicle carosseries could save the live of a lot of peoples. In the 

time as the European vehicle manufacturers are fighting against the 

strong EU regulations, Honda is demonstrating some first results in the 

field of pedestrian protection. 
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9.1.2  Automatic Braking 

[JAN02] Jansson, Jonas; Johansson, Jonas; Gustafsson, Fredrik: 

„Decision Making for Collision Avoidance Systems" 

Society of Automotive Engineers (SAE) 2002-01-0403, 2002. 

Abstract: 

General mathematical Investigations of Driver Warning and Automatic 

Braking regarding trigger finding for actuators. 

 

[STE]  Steinauer, B.: 

  „Grenzwerte für die Griffigkeit von Fahrbahnoberflächen“ 

VDI1632057. 

Abstract: 

In this paper a special detail for the automatic emergency brake is 

under investigation, namely limitations of grip. This value is important to 

adjust the emergency brake to the street conditions. 

 

9.1.3  Driver Warning 

[ABOWD] Abowd, Peter: 

“Head Up Display” 

Conference Vision: Vehicle & Infrastructure Safety Improvement in 

Adverse Condition and Night Driving. 

24 and 25 September 2002, INSA Rouen. 

Abstract: 

Visteon's Visualisation and Simulation lab is an innovative product 

development environment designers enabling product designers and 

engineers to efficiently bring product concept to realisation. A five step 

strategy, flows from artist rendering  to full-scale, interactive system 

simulation. The ingenious aspect of Visteons Visualisation and 

Simulation lab is the unique combination of product visualisation tools 

for rendering 2d, 3d and virtual images plus the system design and 

embedded Software engineering tools for model-based system design 
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and simulation of the embedded software code.  With this combination 

the system can not only create full-scale Virtual Reality (VR) models, 

but also make these models interactive.  This models not only functions 

to drive the system simulation, but also delivers embeddable software 

code which runs on the actual production target hardware. 

 

[CAM99] "CAMP – Crash avoidance Metric Partnership" 

  Final report, 1999. 

  Abstract: 

 This report describes activities undertaken by CAMP to define and 

develop key pre-competitive enabling elements of FCW (Forward 

Collision Warning) system. These elements include the definition of 

specific crash type(s) that an FCW system should be designed to 

address, the resulting minimum functional requirements for such 

system, and objective test procedures for evaluating the extent to which 

a particular system design provides the desired functionality. 

Establishing these key elements will enhance consistent 

countermeasure system implementation across manufacturers. This 

will result in improved customer understanding and acceptance and 

help to accelerate the implementation of FCW system. 

 

[HIR02] Hirota, Masaki; Saito, Masanori; Satou, Fuminori; Nakajima, Yasushi; 

Uchiyama, Makoto: 

„Two-dimensional IR sensors and blind spot pedestrian warning 

system“ 

Nissan, Vol. 56, No. 4, 2002. 

Abstract: 

This paper discusses the current status of uncooled two-dimensional IR 

sensor, and the authors’ development achievements which are the 

thermopile type two-dimensional IR sensor array with responsively of 

2100 V/W, and a blind spot pedestrian warning system developed by 

Nissan. This system alerts the driver to pay attention to the presence of 

a pedestrian in the blind spot of the driver when it detects infrared 

radiation emitted from a human body, and also prevents the vehicle 

from moving ahead toward the pedestrian. Results shows human-body 

detection distances at various temperature levels, and testing on 

vehicle proved that the system effectively detects and protects a 
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pedestrian during start-up operation of the vehicle in the direction of the 

pedestrian. 

 

9.1.4   Night Vision 

[BAC00] Bachmann, Thomas; Naab, Karl; Reichart, Günter; Schraut, Michael: 

„Enhancing Traffic Safety with BMW's driver assistance approach 

connected drive“ 

ITS World Congress 2000. 

Abstract: 

The paper proposes an understanding of accidents as complex events 

initiated by traffic conflicts. This initiation phase is described by a newly 

proposed failure tree model, which indicates that a driver error caused 

by limitations in gaining information, evaluating them and making 

decisions cannot be excluded. This leads to BMW’s assistance concept 

for improvements in traffic safety, which provides many functions to 

support the driver where he has a lack of information or acts incorrectly 

in the case of a critical traffic situation. The highest benefits for driver 

support are generated when all driver assistance systems are 

integrated into the innovative, all-round driver support concept called 

‚Connected Drive‘. The safety concept bases especially on the BMW 

night vision system. 

 

[CERTIN] CERTIN Laurent / Florence NATHAN - PSA Peugeot Citroën 

 Night Vision Human / System Interface. 

 Abstract: 

Many accidents occur during night time. It is in part due to the fact that 

the driver loses lot of information because of the darkness. In 

particular, it is pretty difficult to see and understand quickly what is in 

front of the car. The purpose of a night vision system is to help the 

driver analyse his environment by improving the range of his sight. The 

system will help him to react sooner in case of danger. 

The car is equipped with a thermal infrared camera at the bottom of the 

windshield. This type of camera is able to measure the infrared 
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radiation of all kind of body. In particular, hot objects make more 

radiation than cold object. This property of infrared radiation creates a 

map of temperature of what is in front of the car, we then present this 

image to the driver on a screen installed on the dashboard. 

This kind of camera allows the driver to see even further than the range 

of the long beam of the headlights. Any hot objects such as a 

pedestrian, a cycle or an animal will appear in white on the image and 

creates a contrast with the cool background which is usually cold and 

black on the image. This moving white object on the image will focus 

the attention of the driver on the potential danger and will be able to 

react sooner than with only his headlamps. Moreover, this kind of 

camera is not sensitive to other sources of lights. Hence, while cross 

another vehicle, there is no dazzling effect on the image. 

 

[TSU02] Tsuji, Takayuki; Hattori, Hiroshi; Watanabe, Masahito; Nagaoka, 

Nobuharu: 

„Development of Night Vision System“ 

Honda, Vol. 56, No. 4, 2002. 

Abstract: 

The authors consider that number of pedestrian related accidents could 

be reduced using a system that can detect poorly visible pedestrians 

on the road side or pedestrians crossing the road at night and display 

infrared images of them in combination with audio guidance to the 

driver. 

The authors have developed a system that consists of an infrared 

stereo camera system, image processing ECU (electronic control unit), 

and Head-Up-Display. System alerts drivers to the presence of 

pedestrians at night, based on the results of the analysis of the night 

time traffic accidents involving pedestrians. According to the results of 

the tests, the authors have concluded that this system is effective in 

reducing such traffic accidents. 
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9.1.5   Advanced Front Lighting 

[LAC02] Lachmayer, Roland: 

„Mehr Sicherheit bei Nacht durch mechatronische Konzepte für 

Scheinwerfer und Leuchten“ 

IIR Fachkonferenz, Frankfurt am Main/ Germany, March 18-19, 2002. 

Abstract: 

More than 80% of the information required for safe driving is perceived 

visually. Vehicle lighting is one of the oldest safety systems in the 

vehicle. The advent of electronics in vehicles is re-defining lighting 

technology. The most important innovations are: 

- electronic light sources with a service life as long as the vehicles 

themselves 

- actuators in headlamps to compensate vehicle dynamics and 

control adaptive lighting 

- use of both visible and invisible parts of the spectrum for 

sensors, communication and driver assistance 

- intuitive guiding through light 

- signature light for differentiating between vehicles and brand 

identity. 

In this paper the interaction between the “intelligent” lighting systems 

under development and the vehicle on-board mains will be considered. 

Current interface concepts and future solutions will be presented using 

the example of a main headlamp. 

 

9.1.6   Strategies for deployment of protection systems 

[JAN02] Jansson, Jonas; Johansson, Jonas; Gustafsson, Fredrik: 

„Decision Making for Collision Avoidance Systems" 

Society of Automotive Engineers (SAE) 2002-01-0403, 2002. 

Abstract: 

Article is oriented on forward collisions that might be mitigated by 

braking. It is important to solve risk assessment and object recognition 
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(not discussed here). They present general method for calculating the 

risk of collision. 

A brake manoeuvre is activated to mitigate the accident when the 

probability of collision is one, taking all driver actions into 

considerations. The results from a simulation study using a large 

number of scenarios are described, and results from an implementation 

of a forward collision avoidance system in Volvo V70 are shown. 

The used laser radar and millimetre radar looses the target at close 

range (<10m) because of their narrow field of view. 

 

9.1.7 Sensors, Accident Statistics and Regularities for VRU protection 

 [GÖR02] Görning, Thomas: 

  „Sensors for pedestrian protection systems“ 

IIR Fachkonferenz, Frankfurt am Main/ Germany, March 18-19, 2002. 

  Abstract: 

The paper is related to the sensors which have to recognise the crash 

situation early enough. The sensors requirements like detection 

coverage area, trigger times before the crash occur, reliability of 

sensing process and other specific parameters are described. New 

sensors concepts are presented, e. g. the PMD (Photonic Mixing 

Device) sensor technology. 

In addition to this the severity of injuries of pedestrian accidents (AIS, 

abbreviated injuries scale) are catalogued in detail. Primary impact 

(vehicle), secondary impact (road/ surface) and third impact (obstacle/ 

run over) are investigated with respect to pedestrian load limits to 

derivate the sensor requirements. 
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[HAS01] Haschek, Brigitte: 

„Selbstverpflichtung statt Richtlinie: Fußgängerschutz soll verbessert 

werden – Mit Maß und Ziel“ 

Magazin "Auto Motor Sport", 26/2001. 

Abstract: 

Article describes early proposals of EEVC, ACEA and EU-Committee 

concerning regulation for improving pedestrian protection during 

collision with passenger vehicles. The author adverts to relevant car 

groups and meditate about advantages and disadvantages of the 

proposal and about necessary adjustments on front-end of the car. 

Especially there is mentioned influence on design and aerodynamics 

and on increasing vehicle cost and weight. 

 

[KLO00] Klodt, Michael von: 

„Der sicherste PKW für Füßgänger ist der neue Honda Civic. Als erstes 

Auto setzt er künftige Schutzgesetze um“ 

Magazin "Focus", 50/2000. 

Abstract: 

To minimise injuries of the upper part of the human body special metal 

components are integrated in the area of the engine hood to reduce the 

kinetic energy of the impact. The dangerous zone in the area of the 

front bumper is constructed using deformable components. These 

passive design features contribute to lower impact on the human legs 

in case of collisions.  

 

[LAN02] Langwieder, Klaus; Kramlich, Thomas: 

  „Erfahrungen der Unfallforschung zum Fußgängerschutz“ 

IIR Fachkonferenz, Frankfurt am Main/ Germany, March 18-19, 2002. 

Abstract: 

The number of accidents between vehicles and pedestrians decreased 

in the past dramatically. This is the result of many improvements in the 

domain of vehicle safety systems. Nevertheless, the importance of this 

kind of accident category is as high as in the past. 

Analysing accident statistics shows that the visibility conditions are 

playing one of the most important role of all conditions. The severity of 

injuries is much higher in dark conditions as at daytime. It is easy to 

extract from the statistics that in dark conditions the car driver detects 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 170 of 227 

pedestrians much more lately than in well-illuminated scenarios. The 

braking stripes on the road indicate this fact. 

Approximately 2/3 of all collisions vehicle versus pedestrian occur in 

situations with collision speeds lower than 40 km/h. Collisions with 

higher speeds correspond with higher severity of injuries (e. g. severe 

injuries, death). In this domain with higher collision speeds, the 

reduction of the severity of injuries in case of accidents is quite low. 

Therefore, pedestrian protection systems make sense in the domain of 

collision speeds of (approximately) 40 km/h and lower. The impact in 

case of higher speeds can be reduced marginally only. 

 

9.2 Survey on published patents 

In addition to the survey about papers an overview about international patents is 

given: Some of the patents have been obtained thanks to the software of Derwent 

Search Service in databases. A lot of patents related to system concepts of VRUs 

protection were found pertinent. Half of the patents are from Japan (Aisin, Nissan, 

Honda…). The others are from Europe (Volkswagen, Siemens, Autoliv, Ecia…) and 

from USA (Ford, TRW and others). 

 

9.2.1   Hood system 

The main concept of VRUs protection by hood is to avoid severe contact between 

head and hard parts of engine. It can be classified in two items: 

- patents about rear hood lifting system. 

- patents about protection on hood. 
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9.2.1.1 Lifting hood system 

After collision detection, the system allows lifting of rear hood. The actuator 

mechanism is based on: 

-  Pistons wherein released gas can be provided by pyrotechnic tablets: non-

reversible solution. 

-  Pistons with pressurised air: can be a reversible solution. 

-  Airbag under the hood is deployed in order to lift the rear of hood: non-

reversible solution. 

-  Lifting with electrical motor: reversible solution. 
 
See selected examples below: 
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Example 1: 
 

···· SIEI  Q17 Q22 S02 X22 2001-258107/26 WO200123225  

System for raising and lowering a motor vehicle engine hood is reversible and 

achieves equal or better protection for pedestrians and cyclists compared to 

conventional systems - has actuator that raises engine hood in response to 

pre-crash sensor signal into position with distance between hood and engine 

block increased by definable safety distance 

SIEMENS RESTRAINT SYSTEM GMBH 

 

Abstract : 

WO200123225 A The system has at least one pre-crash sensor (3) with which a 

directly imminent collision of the vehicle (1) with an obstruction can be detected and 

a corresp. signal generated.  At least one actuator (4) raises the engine hood (2) in 

response to a signal from the pre-crash sensor into a position whereby the distance 

between the hood and the engine block (5) is increased by a definable safety 

distance. 

The actuator lowers the hood again if a collision does not occur in response to a 

further drive signal. 

USE - For raising and lowering motor vehicle engine hood. 

ADVANTAGE - System is reversible and achieves equal or better protection for 

pedestrians and cyclists compared to conventional systems. 

 

 
 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 173 of 227 

Example 2: 

 

···· VOLS  Q17 Q22 X22 2001-649378/75 DE10021143  

Safety device for vehicle has energy storage unit with energy storage devices 

activated independently and/or at time intervals depending on collision 

conditions to raise hood 

VOLKSWAGEN AG 

 

Abstract : 

DE10021143 A NOVELTY - The device has an energy storage unit coupled to the 

front hood (2) of the vehicle that raises the hood from a rest position to an impact 

position when in a state activated by a sensor.  The energy storage unit has at least 

two energy storage devices (4-6) that can be activated independently in any 

combination and/or at time intervals depending on the collision conditions detected 

by the sensor. 

USE - For vehicle, especially motor vehicle. 

ADVANTAGE - Enables differences of collision characteristics to be taken into 

account in the event of a collision with the vehicle. 

DESCRIPTION OF DRAWING(S) - The drawing shows a schematic representation 

of a vehicle with a safety device 

front hood 2 

energy storage devices 4-6 (Dwg.1/9) 
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Example 3: 

 

···· HOND  Q17 Q18 Q22 2002-195077/25 US20020011372 A1 

Vehicle hood apparatus has actuators including piston pin, locking member 

and compression spring defining elastic member with locking member for 

urging it resiliently to project into cylinder 

HONDA GIKEN KOGYO KK 

 

Abstract : 

US20020011372 A NOVELTY - Actuator (40) has actuator block (41) attached to 

vehicle body, cylinder (42), piston pin (43), gas generator (44) for raising piston pin 

rapidly, piston retainer (45) for retaining raised pin in cylinder, locking member (46) 

projecting into cylinder for locking pin held by locking member in raised position, and 

compression spring (47) defining elastic member with locking member for urging it 

resiliently to project into cylinder. 

USE - For vehicle. 

ADVANTAGE - Actuator is easier to assemble, while it is mounted in its properly 

locked position.  Vehicle hood apparatus ensure the quick recovery of the sight of 

the vehicle's driver from its obstruction by the hood lifted upon collision of any body 

with the vehicle. 

DESCRIPTION OF DRAWING(S) - The drawing shows a sectional view through the 

vehicle carrying a vehicle hood apparatus. 

Actuator 40, Actuator block 41, Cylinder 42, Piston pin 43, Gas generator 44, Piston 

retainer 45, Locking member 46, Compression spring 47  
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Example 4: 

 

···· ACTS- Q17 Q22 X22 2002-000426/01 DE10014832  

Safety system for motor vehicle has one or more inflatable airbags for 

damping support of raised hood and/or large volume coverage of at least most 

of windscreen frame with hood raised 

ACTS GMBH & CO KG   (VOLS ) VOLKSWAGEN AG 

 

Abstract : 

DE10014832 A NOVELTY - The system has a device which, in the event of an 

accident involving a collision of the vehicle with a pedestrian, moves the hood (6) 

from its closed initial position to a raised position at least near the front windscreen.  

It has at least one airbag device with one or more inflatable airbags (5) for damping 

support of the raised hood from below and/or for large volume coverage of at least 

most of the front windscreen frame with the hood raised. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 

vehicle with a safety system. 

USE - For a motor vehicle. 

ADVANTAGE - Developed to further reduce the risk of injury and the degree of 

potential injuries to pedestrians caused by frontal collisions with vehicles. 

DESCRIPTION OF DRAWING(S) - The drawing shows a schematic perspective 

representation of a vehicle with airbags deployed and hood raised. 

windscreen 1, hood 6, airbags 5. 
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Example 5: 

 

···· THOP  Q17 Q22 Q47 X22 2001-612218/71 DE20106478  

Hood actuator for motor vehicle has electric motor to drive shaft connected to 

hood with independent spring drive as auxiliary power source 

TRW AUTOMOTIVE ELECTRONICS & COMPONENTS 

 

Abstract : 

DE20106478 U NOVELTY - Actuator has drive shaft (11) connected to hood and 

connected by transmission to rotor (27) of electric drive motor.  Drive shaft can also 

be driven by stored power source independently from motor.  Transmission has gear 

(35) with meshing gear (37). One part of circumference of first gear has no teeth to 

allow free movement in which auxiliary power source is connected.  Auxiliary power 

source can be coil spring (39). 

USE - For motor vehicle boot and hood (hood) lids 

ADVANTAGE - Allows reliable lifting of hood to reduce impact with pedestrian in 

accident 

DESCRIPTION OF DRAWING(S) - Drawing shows diagram of drive. Drive shaft 11, 

Rotor 27, Gear 35, Meshing gear 37, Coil spring 39 (Dwg.6/8) 
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Example 6: 

 

[KAI02] Kaiser, Ralf; Schmidt, Werner; Schönekäs, André: 

  „Sicherheitssystem“ 

Deutsches Patent- und Markenamt DE 10056598A1, 2002. 

 

Abstract: 

The presented invention is related to a car safety system that is equipped with lifting 

hood. The sensorial signal trigger the actuator. The invention describe solution with 

airbag, that means airbag is used to lift up the hood. This airbag also spread across 

part of the windscreen and/or spread across part of the hood. The actuator/s of 

safety device is/are pneumatic (deliver compressed air) and controls the safety 

system by spreading airbag/s. 
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Example 7: 

 

[NOB02] Nobusawa, Hisashi; Takai, Hideo: 

  „Velocity calculation device and hood raising system“ 

European Patent EP 0914992B1, 2002. 

 

Abstract: 

The present invention relates to a velocity calculating device which is capable of 

estimating momentary velocity of a vehicle precisely when it collides and a hood 

raising system which is capable of raising a hood of the vehicle on the basis of the 

momentary velocity thereby to protect an object from being damaged. 
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9.2.1.2  Protection on hood 

After collision detection, the system allows a protection deployment on the hood. 

The following patents are based on: 

-  An airbag under the hood is deployed through an opening in the hood, to cover 

the hood surface.  

-  The hood surface is flexible in order to be deformed for increasing distance 

between  hood and engine block. 

 

Selected examples follows: 

 

 

Example 1: 

 

···· NSMO  Q17 Q22 1998-380885/33 JP10152018  

Impact absorption hood for motor vehicles - has air bag and reaction board in-

between inner and outer panels of hood such that air bag expands on receipt 

of signal from obstruction detector 

NISSAN MOTOR CO LTD 

 

Abstract : 

JP10152018 A The hood has an inner panel (52) fixed to an outer panel (51) that 

form a hood.  An air bag (6a) and a reaction board (7) are provided in-between the 

outer and inner panels. 

An obstruction detector is installed to detect a collision with an obstruction in front of 

the hood.  The air bag is expanded between the two panels on receipt of the signal 

from the obstruction detector. 

ADVANTAGE - Avoids damage to lower section of hood. Eliminates need for 

modification of hinges for hood.  (Dwg.2/10) 
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Example 2: 

 

···· DELP- Q17 Q22 2002-090376/12 WO200198118  

Car inflatable hood has expandable gas receiving chamber on its interior 

surface 

DELPHI TECHNOLOGIES INC 

 

Abstract : 

WO200198118 A NOVELTY - The hood (20) comprises a surface structure with an 

exterior and interior surfaces, at least one expandable gas receiving chamber (30) 

connected to an inflator which generates inflating gas. The chamber is located on 

the interior surface of the hood so that when the chamber is inflated it causes the 

hood exterior and corresponding interior surface to move outwardly away from the 

vehicle. The movement creates an extended surface profile thus enhancing the 

impact energy absorption. 

USE - For motor cars. 

ADVANTAGE - The hood can absorb and dissipate energy in the event of a collision 

with a pedestrian. 

DESCRIPTION OF DRAWING(S) - The drawing shows a perspective view of a car 

with the inflatable hood 

Hood 20 

Gas receiving chamber 30 (Dwg.1/9) 
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Example 3: 

 

···· AISE  Q17 X22 1996-501970/50 JP08258668  

Airbag system in vehicle for protecting pedestrian from colliding with hood - 

has control device whose output signal develops fall prevention airbag 

immediately after collision of pedestrian with hood airbag 

AISIN SEIKI KK 

 

Abstract : 

JP08258668 A The system has a secondary collision detection part which includes 

an internal pressure sensor (19) and an acceleration sensor (20) to detect the 

collision of a pedestrian (13) with the hood (14). 

When a collision signal is detected, an inflator (16a) inflates a fall prevention airbag 

(16).  A control device (18) outputs a signal which develops the fall prevention airbag 

immediately after collision of pedestrian with the hood airbag (15). 

ADVANTAGE - Prevents pedestrian from falling on hood. Avoids timing errors.  

(Dwg.1/8) 
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Example 4: 

 

···· AISE  Q17 X22 1997-082689/08 JP08324380  

Hood airbag appts. installed to front of vehicle for reducing impact during 

collision with pedestrian - has electronic control unit which regulates 

operation of second airbag by assuming predetermined time before it opens, 

raising peripheral edge of first airbag to upper side of hood covering all areas 

of hood 

AISIN SEIKI KK 

 

Abstract : 

JP08324380 A The appts. has a sensor which detects collision of vehicle with a 

pedestrian.  A first airbag (15) opens on the hood (14) set in the front of the vehicle 

body if a signal output from the sensor is received, reducing impact of collision to 

pedestrian. 

A second airbag (16) opens to cover all areas of the hood by making the peripheral 

edge of the first airbag expands to the upper side of the hood.  An electronic control 

unit (22) assumes a predetermined time before the second airbag opens. 

ADVANTAGE - Absorbs impact of collision between pedestrian and vehicle. Reliably 

prevents pedestrian from falling to vehicle body by providing second airbag.  

(Dwg.1/12) 
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Example 5: 

 

···· SIEI  Q17 Q22 X22 2002-155698/21 DE10025784  

Automobile engine hood deformation system uses actuator operated by 

detected frontal impact for controlled deformation of hood cover 

SIEMENS RESTRAINT SYSTEM GMBH 

 

Abstract : 

DE10025784 C NOVELTY - The deformation system provides defined deformation 

of the engine hood which has a rigid frame and a flexible hood cover (2), using at 

least one sensor (3) for detecting a front impact of the automobile (1) and an 

actuator (4), operated by the sensor signal for increasing the vertical distance 

between the engine block (5) and the hood cover, which returns automatically to its 

initial position after de-activation of the actuator. 

USE - The system is used for controlled deformation of an automobile engine hood 

for providing a safe vertical spacing from the engine block in the case of a frontal 

impact. 

ADVANTAGE - The controlled deformation of the flexible hood cover allows safe 

absorption of the impact force. 

DESCRIPTION OF DRAWING(S) - The figure shows a schematic side view of the 

front part of an automobile provided with an engine hood deformation system. 

Automobile 1, Hood cover 2, Sensor 3, Actuator 4, Engine block 5 (Dwg.2/4) 
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9.2.2    Windshield system 

The main concept of VRUs protection on windshield is to avoid severe contact 

between head and windshield. All patents are about an airbag deployment on 

windshield. 

 

Some selected examples are described in the following: 

 

Example 1: 

 

···· VOLS  Q17 2001-124509/14 DE19935342  

Vehicle with safety device for crash-sensitive external components, which can 

be covered by airbag devices unfolding in event of crash 

VOLKSWAGEN AG 

 

Abstract : 

DE19935342 A NOVELTY - The vehicle has a safety device consisting of the crash 

protection of sensitive components of the outer skin by means of airbag devices, 

which inflate in the event of a crash.  The components are themselves elastic or 

plastic, completely or in part, or are covered in elastic or plastic material.  In a crash, 

they can be displaced. 

USE - For crash-sensitive external components. 

ADVANTAGE - Better protection for pedestrians and cyclists. 

DESCRIPTION OF DRAWING(S) - The drawing shows a form of the safety device in 

the front region of a vehicle.  (Dwg.6/9) 
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Example 2: 

 

···· NSMO  Q17 Q22 X22 2002-141923/19 EP1176062  

Vehicle air bag system expands air bag towards windshield to cover entire 

area of pillar, when the hood pop-up device is actuated based on collision 

judgement 

 

NISSAN MOTOR CO LTD 

 

Abstract : 

EP1176062 A NOVELTY - A hood pop-up device (11) and a cowl top (4) are 

arranged under the rear end of a hood (1). The pop-up device (11) moves the rear 

end of hood, based on the signal output from a collision detector (10). An air bag 

module (15) in the cowl top has an air bag (18), which is expanded towards a 

windshield (2) to cover entire region of pillar, when the pop-up device is actuated. 

USE - Vehicle air bag system with front pillar covering facility. 

ADVANTAGE - Inflates and unfolds the air bag by covering the front pillars without 

harming the installation status of the air bag module and reducing impact to 

pedestrians. 

DESCRIPTION OF DRAWING(S) - The figure shows cross-sectional view of front 

portion of the vehicle. 

Hood 1, Windshield 2, Cowl top 4, Collision detector 10, Hood pop-up device 11, Air 

bag module 15, Air bag 18 (Dwg.2/17) 
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Example 3: 

 

···· RACH/ S02 X22 2001-571845/65 DE10062561  

Automobile safety device for protecting pedestrian uses airbag inflated in 

collision to lie above automobile front hood 

RACH B 

 

Abstract : 

DE10062561 A NOVELTY - The safety device (2) has a sensor device incorporated 

in the vehicle for detecting a collision, for activation of catchment device, which is 

released to lie above the front hood (3) of the automobile (1). The catchment device 

has an airbag unit (6) with at least one airbag (7) and an associated gas generator 

(8), inflating the airbag so that it extends forwards of the automobile, with a 

catchment space (17) between the front hood and the airbag. 

USE - The automobile safety device is used for protecting a pedestrian or cyclist in 

the event of an automobile collision. 

ADVANTAGE - The catchment device reduces the likelihood that a pedestrian or 

cyclist will suffer a secondary collision with the road. 

DESCRIPTION OF DRAWING(S) - The figure shows a schematic side view of an 

automobile fitted with a safety device. 

Automobile 1, Safety device 2, Automobile front hood 3, Airbag unit 6, Airbag 7, Gas 

generator 8, Catchments space 17 (Dwg.1/6) 
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Example 4: 

 

[KAI02] Kaiser, Ralf; Schmidt, Werner; Schönekäs, André: 

  „Sicherheitssystem“ 

Deutsches Patent- und Markenamt DE 10056598A1, 2002. 

 

Abstract: 

The presented invention is related to a car safety system that is equipped with lifting 

hood. The sensorial signal trigger the actuator. The invention describe solution with 

airbag, that means airbag is used to lift up the hood. This airbag also spread across 

part of the windscreen and/or spread across part of the hood. The actuator/s of 

safety device is/are pneumatic (deliver compressed air) and controls the safety 

system by spreading airbag/s. 
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9.2.3   Front end system – Active bumper 

The main concept of VRUs protection by front end is to avoid severe contact 

between pedestrian legs and bumper and to modify the fall trajectory in order to 

prevent head impact on hard pieces. 

 

 

 

 
Figure 9.3. Example of active bumper actuator. 

 

 

It can be classified in three items: 

- patents about front end deployment. 

- patents about airbag on front end. 

- patents about high pressure air jet. 

 

Disadvantage: 

The modification of trajectory causes the person to drop onto the vehicle hood, 

which can bring severe damage if no protection on hood is provided. 

 

9.2.3.1  Front end deployment 

Two deployments are used: 

-  The total front end section is deployed to increase absorption distance. 
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-  A lower section of front end is deployed to verticalize the contacts on legs to 

limit knee flexion. 

 

 

Example 1: 

 

···· ECIA  Q17 X22 X24 1999-108206/10 EP-894677  

Hydraulic bumper bar for vehicle - uses electromagnetically driven cams to 

grip hydraulic rod deploying crash bar 

ECIA EQUIP COMPOSANTS IND AUTO 

 

Abstract : 

EP-894677 A The crash bar (14) is connected to a fixed support (16) of the vehicle. 

A fluid-driven turbine (20) supported on the support, which longitudinally displaces 

the crash bar.  It uses a hydraulic jack with a fixed end, whose body (22) is 

connected to a fixed support.  Its movable end in the form of a rod (24) connects to 

the crash bar. 

The rod is displaceable between first and second positions.  The members include 

two locking cams (56), hinged around fixed axes (z), which lock the rod.  These 

cams are unlocked by a rotating plate (66) coupled to two drive rods (68,70). The 

plate is rotated by an electromagnetic drive (72) which causes closing of the cams 

against the rod and release of the cams from the rod. 

USE - Impact-absorbing bumper in vehicle. 

ADVANTAGE - Simple and effective system for absorbing impacts. (Dwg.1,4,5/) 
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Example 2: 

 

···· VOLS  Q17 2001-639813/74 DE10020660  

Vehicle with crash-active front structure has large-surface soft nose 

VOLKSWAGEN AG 

 

Abstract : 

DE10020660 A NOVELTY - The vehicle has a crash-active front structure (4) in the 

form of a large-surface energy-absorbing soft nose.  The displacement device (5) 

yields rearwards under impact with limited force when the front structure is in the 

functional position (10) so that the front structure absorbs energy in a controlled 

manner back towards the vehicle. 

USE - For travel. 

ADVANTAGE - Contact forces in a collision are reduced. 

DESCRIPTION OF DRAWING(S) - The drawing shows a schematic side view of a 

linearly shifted front structure in the functional position. 

Front structure 4, Soft nose 5, Functional position 10 (Dwg.2/3) 
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Example 3: 

 

···· MAZD  Q17 2000-608475/58 JP2000255350  

Front section body structure for motor vehicle, has drive mechanism that 

enables projection of protection arm beyond front surface of bumper when 

impact to obstruction is detected or anticipated 

MAZDA KK 

 

Abstract : 

JP2000255350 A NOVELTY - A protection arm (5) which can be projected beyond 

the front surface of a bumper is provided at the lower portion of the bumper (6). A 

drive mechanism enables the projection of the protection arm beyond the front 

surface of the bumper, when an impact to an obstruction is detected or anticipated. 

USE - For motor vehicle. 

ADVANTAGE - Reduces the impact that the obstruction may caused the vehicle 

upon impact since the obstruction can be toppled by the protection arm.  Enables 

reliable operation of the protection arm with a comparatively simple component. 

DESCRIPTION OF DRAWING(S) - The figure shows the conceptual diagram 

explaining the operation of the protection mechanism. 

Protection arm 5, Bumper 6 (Dwg.1/12) 
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Example 4: 

 

···· BMCC  Q17 1999-553776/47 GB2336572  

Vehicle air bag bumper for pedestrian safety with regard to frontal impact with 

road vehicles 

ROVER GROUP LTD 

 

Abstract : 

GB2336572 A NOVELTY - A sensor deploys a coupled air bag mechanism (4), 

incorporated by an engagement surface of a bumper protrusion (3), in response to a 

collision with the protrusion in order to present the air bag (6) below the protrusion to 

supplement the engagement surface (8) for contact with the pedestrian's leg (7). The 

air bag surface is consistent with a collision plane (CP) which extends 

perpendicularly from below the engagement surface. 

USE - For pedestrian safety with regard to frontal impact with road vehicles. 

ADVANTAGE - The bumper limits leg bend in such a collision thereby improving 

pedestrian safety during such collision. 

DESCRIPTION OF DRAWING(S) - The figure a schematic side view of the vehicle 

air bag bumper in a deployed for collision configuration. 

Bumper protrusion 3, Air bag mechanism 4, Air bag 6, Pedestrian's leg 7, 

Engagement surface 8, Collision plane CP (Dwg.2/2) 
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Example 5: 

 

···· VOLS  Q17 2002-123367/17 DE10031525  

Automobile bumper has gas-filled airbag chamber coupled to second airbag 

chamber inflated by displaced gas upon frontal impact 

VOLKSWAGEN AG 

 

Abstract : 

DE10031525 A NOVELTY - The bumper (5) has at least one gas-filled airbag 

chamber (4), coupled to a second airbag chamber (8), positioned below the bumper 

in the vicinity of the front spoiler (7) of the automobile (1), which is normally 

collapsed in a folded state and is inflated by the gas displaced from the first airbag 

chamber in the case of a frontal impact.  A series of gas-filled airbag chambers can 

lie next to one another along the length of the bumper, covered by an elastic skin 

defining the bumper contour. 

USE - The bumper is used for an automobile for absorbing the force of a frontal 

impact. 

ADVANTAGE - The bumper provides effect impact absorption and protects a 

pedestrian or cyclist casualty. 

DESCRIPTION OF DRAWING(S) - The figure shows a schematic side view of an 

automobile bumper. 

Automobile 1, Gas-filled airbag chamber 4, Bumper 5, Front spoiler 7, Second airbag 

chamber 8 (Dwg.1/2) 
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9.2.3.2  Front end airbag deployment 

Example 1: 

 

···· ECIA  Q17 X22 1998-054731/06 EP-816178  

Expandable energy absorbing cushion fitted to front of motor vehicle - uses 

signals from anti-lock braking system and from obstacle detector at front of 

vehicle to activate inflation of cushion 

ECIA EQUIP COMPOSANTS IND AUTO 

 

Abstract : 

EP-816178 A The impact absorbing cushion is fitted to the front of a motor vehicle. 

In normal driving the cushion is retracted behind a cover at the front of the vehicle.  If 

an impending collision is detected the cushion is inflated, pushing the cover aside 

and providing a large air bag at the front of the vehicle. 

The collision detection uses signals from the anti-lock braking system (26) on the 

vehicle, and from an obstacle detector (28) fitted at the front of the vehicle.  A central 

control circuit processes these signals to determine activation of the inflatable 

cushion. 

ADVANTAGE - ADVANTAGE - Simple, effective low cost impact absorber that is 

triggered by detection of impending collision.  (Dwg.2/2) 
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Example 2: 

 

···· VOLS  Q17 2001-639812/74 DE10020658  

Vehicle with crash-active front structure has airbag module in front hood 

(hood) edge region 

VOLKSWAGEN AG 

 

Abstract : 

DE10020658 A NOVELTY - The vehicle has at least one airbag module (10) in the 

front hood edge region, including at least one airbag (12), which in the activated 

state covers at least part of the front hood edge region to the upper edge region of 

the front structure (2) when it is in its functional position (13), covering the 

intermediate cavity. 

USE - For travel. 

ADVANTAGE - Less risk of collapse into cavity between hood and front structure. 

DESCRIPTION OF DRAWING(S) - The drawing shows a schematic side view 

including the front structure in functional position with activated airbag. 

front structure 2 

Airbag module 10 

Airbag 12 

Functional position 13 (Dwg.2/3) 
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Example 3: 

 

···· MAZD  Q17 2002-135956/18 JP2001334895  

Pedestrian protection device used in motor vehicle, has lower airbag 

expanded at lower part of vehicle front bumper to prevent pedestrian from 

rolling into and between vehicle and road surface 

MAZDA KK 

 

Abstract : 

JP2001334895 A NOVELTY - A lower airbag (8) is provided at the lower part of the 

front bumper (10) of the vehicle (2). A front airbag (14) at the front bumper is 

expanded to contact and catch the pedestrian (1). The lower airbag expands to 

prevent the pedestrian from rolling into and between the vehicle body and the road 

surface. 

USE - For alleviating load acted on pedestrian, after pedestrian is bumped by front 

of motor vehicle. 

ADVANTAGE - Reliably prevents part of pedestrian's body e.g. leg, from being 

jammed between vehicle body and road surface. 

DESCRIPTION OF DRAWING(S) - The figure shows the side sectional view of the 

use state of a pedestrian protection device. 

Pedestrian 1, Vehicle 2, Lower airbag 8, Front bumper 10, Front airbag 14 

(Dwg.1/16) 
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Example 4: 

 

···· NSMO  Q17 Q22 X22 2000-477321/42 EP1024063  

Vehicle bumper and hood airbag system that incorporates an airbag on the 

front of the motor vehicle 

NISSAN MOTOR CO LTD 

 

Abstract : 

EP1024063 A NOVELTY - A vehicle-mounted system has a bumper (2), an airbag 

(8), a pedestrian sensor (3), and an inflator (9). The bumper is mounted to the front 

end of the vehicle front body (1a). A hood, is mounted to the front body, to the rear 

of the bumper.  The airbag is disposed in a region between the front end of the 

bumper and the rear end of the hood.  The sensor detects or pre detects a collision 

between a pedestrian (M) and the vehicle, and initiates the airbag. 

USE - A vehicle bumper and hood airbag system. 

ADVANTAGE - Will hopefully reduce the seriousness of head on collisions of 

pedestrians and motor vehicles. 

DESCRIPTION OF DRAWING(S) - The figure shows a view of the vehicle bumper. 

Pedestrian M 

Vehicle front body 1a 

Bumper 2 

Pedestrian sensor 3 

Airbag 8 

Inflator 9 (Dwg.1/21) 
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Example 5: 

 

···· HOND  Q17 1999-282752/24 JP11091503  

Airbag apparatus for protecting pedestrian during collision with motor vehicle 

- has horizontal airbag installed between outer bumper panel and inner hollow 

bumper member, and selectively inflated by inflators arranged at interior of 

inner hollow bumper member 

HONDA MOTOR CO LTD 

 

Abstract : 

JP11091503 A NOVELTY - A horizontal airbag (5) is installed between an outer 

bumper panel (2) and an inner hollow bumper member (2) that are fixed in front of a 

motor vehicle, and is selectively inflated by inflators (4) arranged at the interior of the 

inner hollow bumper member.  DETAILED DESCRIPTION - The inflators generate 

high pressure gases based on a collision signal.  The development of the horizontal 

airbag is to the front of the motor vehicle. 

USE - For protecting pedestrian during collision with motor vehicle. 

ADVANTAGE - Minimizes installation cost of airbag apparatus, since inflators are 

arranged at interior of hollow bumper member.  Ensures attachment rigidity of 

inflators.  Ensures stabilized development of horizontal airbag.  Minimizes impact 

acting on pedestrian and on vehicle body.  DESCRIPTION OF DRAWING(S) - The 

figure shows the exploded isometric view of the airbag apparatus, before installation. 

(2) Inner hollow bumper panel; (2) Outer bumper panel; (4) Inflators; (5) Horizontal 

airbag. (Dwg.1/3) 
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Example 6: 

 

···· CONC- A95 Q17 X22 1998-113024/11 GB2316371  

Motor vehicle safety device for protecting pedestrian - comprises cushioning 

device for storage in first condition and sensor device arranged to sense 

collision or imminent collision of vehicle with object outside vehicle 

CONCEPT MOULDINGS LTD 

 

Abstract : 

GB2316371 A The device comprises a cushioning device (10) attachable to the 

vehicle for storage in a first condition and sensor device (12) arranged to sense 

collision or imminent collision of the vehicle with an object outside the vehicle.  The 

sensor actuates deployment of the cushioning device to a second condition in which 

the cushioning device extends over at least part of the vehicle to cushion the 

collision between the vehicle and the object. 

The cushioning device may be inflatable from the first to the second conditions, and 

comprise one or more bags (20) which are inflated by inflation.  The cushioning 

device may be stored behind a protective cover which is rupturable or otherwise 

removable upon deployment of the cushioning device to allow its inflation.  The 

cushioning device may be stored in a vehicle guard (14), e.g. '' bull bar'' or ''nudge 

bar'' (14) attachable to the vehicle.  The bar includes a framework comprising 

plastics material and may be covered with polyurethane to reduce impact on a 

pedestrian.  An impact sensor may be located in the guard to trigger the inflatable 

cushion. 

ADVANTAGE - Reduces risk of serious injury to pedestrian hit by vehicle, and 

particularly obviates or mitigates damage caused by impact of pedestrian's head on 

vehicle.  (Dwg.3/4) 
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Example 7: 

 

···· NSUM  Q17 1999-541942/46 DE19905784  

Motor vehicle with impact protection arrangement 

AUDI AG 

 

Abstract : 

DE19905784 A NOVELTY - The vehicle has an end part (9) as a front and/or rear 

part, which can be deployed by a drive/guide arrangement from a retracted base 

position to a protection position in which it is supported relative to the vehicle body.  

The drive has an airbag (11) as a deployment aid, inflatable by a gas generator 

when a crash is detected The supporting elements are deformation elements (7) and 

a guide arrangement which are accommodated in body bearers (3) in the retracted 

position and are indirectly connected to the deployable end part. 

DETAILED DESCRIPTION - The deformation elements and retractable end part can 

be deployed from the bearers into an associated supporting position.  A blocking 

device (14) prevents the deployed deformation element from moving back. 

USE - Motor vehicle impact protection. 

ADVANTAGE - Developed to enable good functionality to be achieved with 

integration into conventional mass-produced structures. 

DESCRIPTION OF DRAWING(S) - The drawing shows a lateral schematic 

representation of a vehicle front end with an impact protection arrangement in the 

retracted position. 

bearer 3 

deformation element 7 

end part 9 

airbag 11 

blocking device 14 (Dwg.1/6) 
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Example 8: 

 

···· RENA  Q17 X22 2001-283708/30 EP1088707  

Bumper for motor vehicle has inflatable buffer inside sliding casing actuated 

above set vehicle speed 

REGIE NAT USINES RENAULT 

 

Abstract : 

EP1088707 A NOVELTY - The bumper for a motor vehicle has a casing (18) to 

receive an impact which can move longitudinally on the vehicle bodywork.  The 

casing has a sealed envelope with a gas source (22) to allow inflation of the 

envelope to define a buffer.  The inflation of the buffer is initiated above a set speed 

of the vehicle and deflation occurs below this speed. 

USE - For motor vehicle bumpers. 

ADVANTAGE - Allows differential absorption of impact with speed. 

DESCRIPTION OF DRAWING(S) - Drawing shows cross section of bumper. 

Bumper 12 

Sliding Casing 18 

Gas source 22 (Dwg.2/6) 

 

 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 205 of 227 

9.2.3.3  High pressure air jet 

The only patent which was found in this bibliography talking about a high pressure 

air jet for pedestrian protection is: CN1260300 by ZHANG W. entiteled “High 

pressure air jet blows pedestrian away from the car”. 

 

 

···· ZHAN/ Q17 X22 2000-572990/54 CN1260300  

Safety device for automobile has high pressure air jets that are emitted from 

nozzles on front of vehicle to blow pedestrian out of the way if collision is 

imminent 

ZHANG W 

 

Abstract : 

CN1260300 A NOVELTY - The automobile safety device comprises several high-

pressure air cylinders, several spray nozzles and connecting pipeline and quick 

opening valve.  In the extraordinary emergency it utilizes the strong and quick air 

stream and jets it from nozzles positioned in the front of automobile to blow 

pedestrian away to prevent automobile from directly thrusting into or running over 

and killing pedestrian.  The device can also reduce the amount of damage when the 

automobile collides with another vehicle or bumps against a building. (Dwg.0/0) 

 

Comments : We can imagine the risk of such a concept. 

The cause of pedestrian injuries would come no more by the vehicle but by the 

environment, the good result is that the car would keep safe. 
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9.2.4   Vulnerable road user based system (Personal system) 

The only patent found talking about a system for vulnerable road user (VRU) 

protection is: JP11335911 from JAPAN STEEL WORKS LTD., entitled “A portable 

airbag avoids damaged contact of the person on the floor or on the vehicle when hit”. 

 

 

···· NIKL  P21 P35 Q17 2000-198700/18 JP11335911  

Portable personal air bag especially for aged, exercising person, has gassing 

unit and fall detector with detachable connector and wires in casing worn by 

person 

JAPAN STEEL WORKS LTD 

 

Abstract : 

JP11335911 A NOVELTY - A casing (1) with lid (11) has belt and buckles (9,10) to 

facilitate wearing on a person.  A fall detector (2) and an air bag (5) with a gassing 

unit are contained within the casing.  The fall detector and the gassing unit are 

connected with detachable connector and wires. 

USE - For protecting pedestrian, exercising person, aged during accidental fall and 

during playing games such as skiing, snowboard, skate against bruise and fracture. 

ADVANTAGE - Prevents injury by fall as air bag is expanded by gassing unit by fall 

detection signal.  Offers better safety and better look as air bag may be designed as 

jacket.  DESCRIPTION OF DRAWING(S) - The figure shows perspective view of 

portable personal air bag. (1) Casing; (2) Fall detector; (5) Air bag; (9,10) Belt and 

buckles; (11) Lid. (Dwg.1/5) 

 

 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 207 of 227 

9.3 Survey on web-pages on the internet 

The third part of the bibliography summarises the result of a survey on web-pages 

on the internet. This paragraph is divided into three subsection. The first subsection 

presents examples of impact absorption systems. In the second subsection 

unconventional safety systems and in the third subsection existing VRU systems will 

be shown. 

 

9.3.1   Impact absorption systems 

The impact protection system is based on airbags, which absorb the impact energy. 

The airbags are primarily activated by pyrotechnically systems. 

 

9.3.1.1  Autoliv pedestrian protection airbag system 

Autoliv introduced to supplement its active hood its new pedestrian protection 

airbags (PPA), which are comprised of an airbag at each A-pillar. "As vehicle hoods 

tend to become shorter with every new model change, the risk for pedestrians hitting 

the hard structures around the windshield increases," said Yngve Håland, Research 

Director at Autoliv. "For this reason, we complemented our initial system by 

integrating PPAs at the windshield pillars." 

 

The same sensor that triggers the active hood also sets off the PPA system. One of 

the challenges for engineers was to develop a sensor that could differentiate 

between a human leg and a light pole or minor fender bender so that the system 

would not be inadvertently activated. One of the ways the system solves this 

dilemma is that the vehicle must be driven above 20 km/h (12.5 mph) for it to 

activate because it is about that speed that life-threatening injuries are more likely to 

occur to pedestrians. On the other hand, most fender benders occur below those 

speeds (www.autoliv.se, www.sae.org). 
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Figure 9.4. Active hood proposed by Autoliv. 

 

 

9.3.1.2  Ford’s pedestrian safety concept 

Ford's Pedestrian Safety concept features two innovative airbags designed to 

protect pedestrians during an impact. 

 

Several approaches to this technology are illustrated on the Pedestrian Safety Car, a 

modified Ford Explorer 4WD vehicle. An over-the-hood airbag is coupled with cowl 

air bags to reduce the most common pedestrian injuries. The over-the-hood airbag 

1370 X 560 X 130 mm deploys above the bumper to cover the front of the vehicle 

and most of the hood. It is triggered by a pre-impact sensor located in the front grille 

area that detects the presence of a pedestrian in the vehicle's path, and determines 

whether a collision is unavoidable. The two cowl airbags 685 X 305 X 130mm deploy 

from the base of windshield and are triggered by an impact sensor at the front of the 

vehicle. These two airbags together cover the cowl base of the windshield from A-

pillar to A-pillar (www.sae.org, www.autofieldguide.com). 
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Figure 9.5. Ford’s pedestrian safety concept. 

 

 

9.3.1.3  Honda Unibox 

Honda has also created the ultimate multi-purpose meeting place for friends – the 

Unibox Multi Life Terminal. The people mover-style concept vehicle makes the most 

of its substantial interior with full modular panel, visible truss frame and multiple 

storage compartments in the panels and doors. 

 

The Unibox also has a social conscience. As well as delivering maximum fuel 

economy and low emissions with an in-line 4-cylinder engine with IMA, the Unibox 

even protects pedestrians with a front pedestrian airbag system 

(www.autoweb.com). 
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Figure 9.6. Honda Unibox equipped with a frontal pedestrian airbag system. 

 

 

9.3.1.4  Citroën Osmose concept car 

Citroën presented at the Mondial in Paris in 2000 a concept car named Osmose 

where airbags are dedicated to the protection of pedestrian. 

 

Thanks to an onboard radar, Osmose is able to anticipate a shock with a pedestrian 

for better avoiding it. If the operation fails, the airbags located outside the vehicle 

attenuates the violence of the impact. (www.quotidienauto.com) 

 

 

 

 
Figure 9.7. Concept car for protection of pedestrians. 
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9.3.1.5  Volvo external airbag system 

Volvo system is an external airbag at the joint between the hood and windscreen, 

which prevents the victim's head from striking the windscreen glass. 

 

A sensor at the front of the hood activates the airbag and it remains inflated for a few 

seconds to extend the protective effect (www.swedespeed.com). 

 

 

9.3.1.6  Mugen Denko’s motorcycle jacket approach 

Mugen Denko commercializes a motorcycle jacket with a removable airbag system 

(Eggparka and Hit air products). 

 

The "Hit Air" jacket uses CE certified armor to protect the shoulders, elbows and the 

spine but most importantly, the "Hit Air" jacket also incorporates an air cushion 

system. In the event of an accident and a rider is thrown from the motorcycle, the air 

cushion instantly inflates (within 1/2 second) to protect the rider's body. Activation is 

simple and automatic. A coiled wire is attached to both the motorcycle and the 

jacket. Once the rider and the motorcycle are separated, the coiled wire pulls a "key" 

out of a gas release system and inert gas inflates the air cushion. The inflated jacket 

provides the necessary impact protection. After a few seconds the gas is 

automatically released through the gas release valve. 

 

 

 
Figure 9.8. Motorcycle jacket commercialized by Mugen Denko. 
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9.3.2 Examples of PROTECTOR VRU systems 

This Section covers three of the few existing systems for vulnerable road user (VRU) 

protection worldwide based on anticipatory, non-contact sensing around the vehicle. 

These were developed within the EU Project PROTECTOR (2000-2002). They utilize 

three different sensor modalities (radar, vision and laser) to detect vulnerable road 

user in a traffic environment. Each demonstrator furthermore employs a different 

driver warning strategy and human-machine interface. 

 

Subsection 9.3.2.1 covers the MAN truck, which is equipped with a 24GHz radar 

system from SiemensVDO. Subsection 9.3.2.2 summarizes the DaimlerChrysler 

system based on stereo vision. Subsection 9.3.2.3 addresses the CRF demonstrator 

equipped with an IBEO laser scanner. In addition to this, a special section related on 

HMI strategies is presented. 

 

 

9.3.2.1 MAN VRU system 

The MAN VRU system assists truck drivers at the right-turn of an intersection. It 

warns the driver if a bicyclist right of the truck is going straight and gets in harm way 

during the right turn of the truck. See following Figure. 

 

 

 
Figure 9.9. PROTECTOR scenario – MAN truck 
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The MAN truck demonstrator is shown in Figure 9.10, with the thee radar sensors 

installed on the right side of the vehicle. 

 

 

 

  
Figure 9.10. MAN truck with SiemensVDO radar system: sensor location (left) 

and close-up (right) 

 

 

The sensor coverage area is depicted in Figure 9.11, for each of the three radar 

sensors it involves a viewing angle of 70° and a range up to 9 m (only a 2m range is 

actually used, see later). 

 

Truck
S1S2S3 x

y

[m]

[m]

70° Boresight
Angle
-135°

 
Figure 9.11. Sensor coverage area for MAN VRU system 
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 The HMI of the MAN VRU system distinguishes between an information and a 

warning situation, its current version works as follows: 

·  Information Situation: A yellow-flashed bicycle symbol in the right outside-mirror 

and a yellow-flashed quadrate in the left outside-mirror informs the driver of a 

possibly dangerous situation. An information situation occurs if an object in the 

sensor coverage area of Sensor S1 or Sensor S2 is detected within a range of 30 

cm to 200 cm and the driver has activated the right turn device. 

·  Warning Situation: A red-flashed bicycle symbol in the right outside-mirror and a 

red- flashed triangle in the left outside-mirror warns the driver about critical 

situations. A critical situation appears if an object passes the truck on the right 

side from behind to front within the sensor coverage area of all sensors. The limit 

of the sensitivity increases with reduction of vehicle speed. In addition to the red 

flashed symbols in the outside-mirrors an acoustical alarm in terms of a bicycle 

bell is executed if an object in the sensor coverage area of Sensor S1 or Sensor 

S2 is detected within a range of 30 cm to 200 cm and the driver has turned the 

steering wheel more than 90° to the right. 

 

 

 

  
Figure 9.12. Optical HMI for information (left) and warning situations (right)  

 

 

9.3.2.2 DaimlerChrysler VRU system 

The DaimlerChrysler (DC) VRU system warns passenger car drivers – possibly 

momentarily distracted - of a possibly dangerous situation involving a pedestrian, 

ahead of the vehicle. See following figure. 
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Figure 9.13. PROTECTOR scenario – DC passenger car 

 

 

The DaimlerChrysler passenger car demonstrator with stereo vision system located 

at the rear-view mirror is shown in the following figure (outside and inside view). 

 

 

 

    
Figure 9.14. DaimlerChrysler demonstrator with stereo vision system: outside 

(left) and inside view (right) 

 

 

The sensor coverage area is depicted in Figure 9.15 in red; it involves a longitudinal 

range of 10m – 25m, a lateral range of 2.7m – 4m left/right of the vehicle mid point, 

resulting from a clamped field of view of 30°. 
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Figure 9.15. Sensor coverage area for the DaimlerChrysler VRU system 

 

 

The HMI provides the driver an acoustic warning in case of a possible dangerous 

situation with a pedestrian. This is done by means of a “gong”-sound that emanates 

from the standard vehicle loudspeakers. The warning is given if the pedestrian and 

vehicles are on a collision course (determined by examining instantaneous relative 

position and velocity of pedestrian w.r.t. vehicle). In order to be able to demonstrate 

the PROTECTOR functionality without requiring a truly hazardous situation, the 

system can be set to react at lower collision risk levels. 
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9.3.2.3 FIAT VRU system 

The FIAT VRU system warns passenger car drivers of a possibly dangerous 

situation involving a pedestrian, ahead of the vehicle (see graph below). 

 

 

 

 
Figure 9.16. PROTECTOR scenario – FIAT passenger car 

 

 

The FIAT passenger car demonstrator and the – in the bumper - integrated laser 

scanner is shown in Figure 9.17. 

 

 

 

    
Figure 9.17. FIAT passenger car demonstrator (left) and integrated IBEO laser 

scanner (right) 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 218 of 227 

 

 

The sensor coverage area is depicted in Figure 9.18. Its specification involves a 

longitudinal range of 2m – 30 m, a lateral range of 2.5m – 5.5 m left/ right of the 

vehicle mid point  (during validation, the actual sensor longitudinal range was found 

to be 27m — 30 m for a target  corresponding to an adult with high reflectivity, and 

16m – 20 m for a target corresponding to a child with low reflectivity). 
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Figure 9.18. Sensor coverage area for the FIAT VRU system 

 

 

The FIAT warning and control strategy distinguishes between three risk levels 

(“GREEN”, “YELLOW”, and “RED”) depending on the relative VRU position and 

velocity w.r.t. the vehicle. 
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The HMI consist of two components: driver warning and VRU warning. Driver 

warning is done first of all by means of a display, see Figure 9.19 (left). The visual 

information presented involves type of the VRU (e.g. pedestrian, bicyclists) and 

rough direction of object w.r.t. vehicle (“left”, “ahead” and “right”). See icons shown in 

Figure 9.20. For a “GREEN” risk level, the display remains switched off, the 

“YELLOW” and “RED” risk levels are disinguished by the color of the icons. 

 

In addition to the visual information, the “RED” risk level involves an acoustic signal, 

a voice which  announces VRU type and rough object direction (e.g. “pedestrian 

ahead”, “bicyclist right”). For a risk level that is considered particularly critical, the 

system also warns the VRU outside of the vehicle by means of a high-pitched 

buzzer, see Figure 9.19 (right). 
 

 

 

  
Figure 9.19. FIAT HMI: driver display (left) and outside buzzer (right) 
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Figure 9.20. FIAT HMI: iconic display representation 

 

 

9.3.2.4 Integrated HMI strategies 

There are many warning and control strategies possible for a VRU protection 

system, some of which were mentioned in the previous section. Other strategies 

involve active vehicle-mounted VRU protection devices (i.e. pedestrian protection by 

extendable bumpers and motorhoods) and vehicle control measures (i.e.braking). 

Figure 9.21 summarizes the relevant strategies and list qualitatively the time interval 

in which first deployment can be expected, based on time-to-collision (TTC) 

considerations.  
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Figure 9.21. VRU warning and control concepts, and the time interval of first 

deployment 

 

 

The precise time of first deployment and its duration is not specified in Figure 9.21, 

since it is application specific and it depends very much on the actuators and actual 

HMI implementations. For example, in a pure VRU safety system, driver warning 

(larger TTC) would come before vehicle braking (smaller TTC). On the other hand, in 

an adaptive cruise control (ACC) application for the urban environment, (light) 

vehicle braking could come before driver warning: The vehicle would automatically 

slow down if a VRU nears the vehicle, warning the driver only if the maximum 

braking intensity would be insufficient to avoid a collision (similarly to the HMIs in 

current commercial ACC systems such as Distronic). 

 

Nevertheless, Figure 9.21 illustrates the general idea of an integrated VRU 

protection systems, where less intrusive measures based on driver information are 

instantiated earlier than driver and VRU warning and light braking, and those come 

before emergency measures such as full braking and deployment of vehicle-

mounted VRU protection devices. 

 

 

9.3.3   Examples of unconventional safety concepts 

In the following four examples of unconventional safety concepts are presented. 
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9.3.3.1 Volvo Safety Concept Car 

The Volvo Safety Concept Car (SCC) is, as the name suggests, primarily a car 

focused on improving the safety of cars for both drivers and occupants (refer Figure 

9.22). 

 

While the main focus of the SCC is better visibility, the car also improves personal 

security and has numerous technologies that improve passive safety. But this 

concept will endanger the occupants in case of rollover. 

 

 

 

 
 

 
Figure 9.22. Volvo Safty Concept Car. 
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The SCC also has numerous other features to improve visibility, namely: 

·  The driver can see through the windscreen's supporting pillars - the A-posts - 

owing to a metal box construction combined with see-through Plexiglas. 

·  The B-posts - the pillars between the front and rear doors - curve inwards 

following the contours of the seat frame to offer an unobstructed field of vision 

to the offset rear. 

·  A radar unit measures the distance to traffic at the rear and to vehicles 

alongside the car, and alerts the driver to vehicles in the offset rear "blind 

spot". 

·  In addition, rearward-facing cameras integrated into the door mirrors can 

show the driver what is in the “blind spot”. 

·  The headlight beams adapt to the road, for example by directing the beam in 

the direction that the driver is turning at a crossroads or in a curve. 

·  An infrared light enhancer boosts night time vision beyond the reach of the 

headlights. A forward-facing camera monitors the position of the car on the 

road and alerts the driver if there is any tendency to veer off course. 

·  The brake lights flash to alert following traffic in harsh brake application. 

 

9.3.3.2 Nissan-ASV-2 

Nissan proposes a so-called Nissan Advanced Safety Vehicle (ASV-2) [NIS03] (see 

Figure 9.23). 
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Figure 9.23. Nissan ASV-2 Vehicle. 

 

 

In addition to the benefit of providing faster occupant restraint in the event of a 

collision, the precrash safety system enhances the driver's ability to execute accident 

avoidance manoeuvres by helping to hold him firmly in his seat, which helps reduce 

occupant motion and increases the ability to retain control of the vehicle. The setup 

is depicted in Figure 9.24. 

 

 

 

 
Figure 9.24. Setup of the Nissan ASV-2 system. 
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The ASV-2 consists of the following features: 

·  Night time pedestrian monitoring system: 

An infrared camera is used to detect and alert the driver to the presence of a 

pedestrian, whom the driver might otherwise fail to see at night with only the 

light from the headlamps and street lamps. 

·  Headlamps for improved pedestrian visibility: 

This system illuminates additional assist lamp and changes the left-hand cut-

off line of the each headlamp when there are no oncoming or preceding 

vehicles, making it easier for the driver to see pedestrians along either road 

shoulder in front of the vehicle. 

·  Pedestrian warning and automatic braking system for reducing injury: 

The system detects the presence of a pedestrian in front of the vehicle and 

advises the driver to be careful. It also automatically actuates the brakes if the 

driver is slow to brake, thereby reducing the impact speed with the pedestrian 

as much as possible. 

·  Blind spot pedestrian warning system: 

Infrared sensors are used to detect and alert the driver to the presence of a 

pedestrian in a blind spot as the vehicle is about to start off. It also prevents 

the vehicle from moving in the direction of the pedestrian. 

 

The Pre-crash safety system is one product of Nissan's ASV (Advanced Safety 

Vehicle) research activities. The new system will be available in a Nissan luxury 

model late 2003. 

 

9.3.3.3 Mazda-ASV-2 

The Mazda Advanced Safety System ASV-2 consists of the following features: 

·  Technologies for protecting pedestrians: 

Mazda has been developing comprehensive pedestrian protection 

technologies, including systems for giving information or warning to drivers, 

collision avoidance, and reducing of the damage from injury. The Mazda ASV-

2 gives information that is more appropriate to drivers, using the refined 

technologies based on Mazda's original system, which can even detect 

pedestrians as well as vehicles in front of the car. In case of emergency, the 
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vehicle automatically applies the brakes, while it adopts an injury reduction 

bumper for pedestrians. 

·  Pedestrian warning system: 

Mazda's current system uses scanning laser radar, which can detect 

pedestrians from a distance of more than 45 meters even when they are in 

black clothes at night, and those who are approaching the driving direction of 

the vehicle, to predict the risk of collision. 

The system has been further refined to enable the detection of pedestrians on 

sloping roads as well as those on flat roads, by adopting a two-dimensional 

scanning mechanism for the laser radar. Combined with a new logic to 

recognize accurately pedestrians, the system can distinguish a pedestrian 

who stands beside the road from one who starts to going across the road. It 

discriminates between pedestrians and buildings or electric poles. 

·  All weather vision: 

Poor forward visibility in the driving in rain or fog as well as at night, gives the 

driver stress, which may bring about an accident. 

A small infrared camera, which mounted under the headlamp, enables the 

driver to recognize the conditions ahead of the vehicle even in bad weather 

conditions. Improving the resolution of the infrared camera has made it 

possible to detect pedestrians or vehicles from a distance of more than 

100 meters even in fog at night. In case of rain the recognition can be 

reduced. 

 

9.3.3.4 Mitsubishi-ASV-2 

Mitsubishi has also developed an ASV-2 research vehicle like Nissan and Mazda. 

The key features of the Mitsubishi system are: 

·  The Multi-eye system: 

Comprises wireless radar that detects distance to vehicle in front and relative 

vehicle speed; laser radar with advanced analytic capability; cameras that 

respond to significant changes in light intensity, and a variety of sensors that 

detect and monitor the road environment; 



SAVE-U D6: Strategies in Terms of VRU Protection  

   

WP3: Identification of system concepts for the protection of VRUs. 227 of 227 

·  Variable intensity headlights: 

For optimum visibility at night, the system controls headlight intensity to match 

vehicle speed, steering wheel angle and other driver inputs and, using 

information from the on-board navigation system, the configuration of the road 

(winding or straight). 

·  Night pedestrian monitor: 

The system uses an infrared camera mounted in the front grille to monitor the 

road ahead and provide the driver with information on pedestrians on a Head-

up Display. 

·  Collision damage mitigating braking: 

When the system's radar and camera detect an obstacle ahead and the 

system judges there is the danger of a collision, it issues audible and visual 

warnings to alert the driver. Should the system judge that the driver will be 

unable to avoid a collision, it automatically applies the brakes to prevent the 

collision or to reduce the speed of impact and mitigate damage. 

 

 

 

 


