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2 Executive Summary 

In the beginning of this deliverable, which aims to develop strategies for enhanced pedestrian 
and cyclist friendly design, a review of existing standards and directives in the field of injury 
protection for vulnerable road users on commercial vehicles is given. Furthermore an 
overview and assessment of existing ideas and systems for pedestrian protection is given, 
based on the results of a literature and patent research. 
 
These existing systems form the basis to analyse and advance strategies for pedestrian/cyclist 
safety design concepts (as mid and long term approach) as well as costs efficient add on 
solutions for existing Heavy Vehicles (as short term approach).  
 
The new design concepts are divided into two main categories: systems related to active 
safety (collision avoidance) and systems related to passive safety (injury reduction). 
Thereupon the passive systems can be classified in deployable and non-deployable systems. 
Add-on systems exclusively are related to systems for passive safety.  
 
Finishing the different introduced design concepts are preliminarily evaluated with respect to 
feasibility and costs. A more detailed assessment of the concepts, including benefit as a 
criterion, will follow within the further tasks of WP 2.1. 
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3 INTRODUCTION 

 
The general objective of sub-project 2 “Heavy Vehicle Accidents” is to reduce the number of 
both fatal and serious injuries where heavy vehicles are involved in Europe. More specifically 
advanced protection systems including compatibility strategies will be developed dealing 
with protection of pedestrian/cyclists in accidents with trucks and protection of occupants of 
cars impacting the sides of trucks. This report covers deliverable D2.1.2A “Development of 
strategies for enhanced pedestrian and cyclist friendly design (including front and side 
structures) including overrun prevention systems for new Heavy vehicle concepts based on 
the existing standards defined in 89/297/EWG” and D2.1.2B “Suggestions for design changes 
by means of add on parts for existing HV designs (special topic on HV from CEE countries) 
for front and side structures”. The deliverables are compiled in one report, since D2.1.2A 
directly depends on the results of D2.1.2B. By combining these two deliverables the reader 
can understand how the design possibilities presented in D2.1.2B are derived from the 
existing knowledge. 
 
For vulnerable road users (VRU) (pedestrian and cyclist), statistics indicate that more than 
1400 unprotected road users in the current EU member states lose their lives every year due 
to accidents with heavy vehicles. This number is much larger in the Eastern Europe countries. 
For opponent vehicles, yearly statistics show approximately 500 occupants that suffer fatal 
injuries due to impacts with the side of trucks and trailers. 
 
It is estimated that due to improved new design concepts, test methods and development 
guidelines resulting from this sub-project, the fatality and serious injury rate of the 3 victim 
groups (pedestrian, cyclists and car occupants) will be reduced by approximately 30%. This 
is nearly equivalent to 600 saved lives within the EU each year and a significant reduction in 
suffering and societal cost through the reduction in injuries and injury severity. 
 
This deliverable covers strategies for enhanced pedestrian and cyclist friendly design, 
including front and side structures and overrun prevention systems for new Heavy Vehicle 
concepts based on the existing standards. In addition also new suggestions for design changes 
by means of add on parts for existing HV designs are investigated. These systems will be 
evaluated regarding feasibility, costs and in a later phase of WP2.1 also benefit. 
 
At first in Chapter 4 a review of existing standards and directives regarding injury protection 
systems for pedestrians and cyclists on commercial vehicles will be accomplished.  
 
Chapter 5 is organized in two main parts heavy vehicle related advanced vulnerable road-user 
protection systems and passenger car related protection systems. The collected systems are 
evaluated based on real world accident scenarios. The technical and scientific object is to 
identify the weak points of existing heavy vehicle designs referring to real world accident 
scenarios. The analysed systems form the basis to develop improvement strategies on the one 
side for new design concepts (as mid and long term approach) and on the other side for 
existing heavy vehicle (the short term approach) costs efficient add on solutions for design 
configurations.  
 
The overall objective of enhanced opponent vehicle occupant protection systems is to further 
minimize the fatalities and serious injuries to the opponent vehicle occupants by improving 
truck trailer structure. Therefore the relationship between occupant injuries and real world 
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accident scenario will form the basis for the relevant protective under-run design strategies 
and performance criteria. 
 
This report summarizes the review of existing vulnerable road user related safety systems and 
patents of heavy vehicles, especially HV over 7.5 tons. The report will summarize the results 
derived during the work within the following five actions: 
 

-  Heavy vehicle related literature and patent research of front and side related 
vulnerable road user safety systems 

-  Passenger car related literature and patent research of front related vulnerable road 
user safety systems 

-  Pedestrian interaction and effective countermeasures 
-  Investigation of the benefits of improved side guards 
-  Assessment of existing systems and patents. 

 
Based on these investigations advanced design possibilities and concepts as well as add-on 
parts related to existing HV are developed. These proposals for safety systems are collected 
from the WP 2.1 partners using a template, which supports the documentation of these 
concepts and the evaluation of feasibility and costs. Furthermore the collected design ideas 
form the basis of Work package 2.1.3, which includes the development of a demonstrator 
module. 
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4 REVIEW OF EXISTING STANDARDS AND DIRECTIVES 

As results of this sub-task “Literature research (standards, directives)” the following 
directives and regulations were reviewed: 

 
·  Directive 92/114/EEC and UN/ECE Regulation 61 
·  Directive 2000/40/EC 
·  UN/ECE Regulation 73 
·  Other national regulations 

4.1 DIRECTIVE 92/114/EEC AND UN/ECE REGULATION 61 
 
Description 
 
Council Directive 92/114/EEC of 17 December 1992 relating to the external projections 
forward of the cab's rear panel of motor vehicles of category N. 
 
Aim 
 
Whereas, with a view to improving road safety, it is considered imperative and urgently 
necessary, that the cabs of motor vehicles of category N do not exhibit sharp external 
projections to reduce the risk or the severity of injuries sustained by a person coming into 
contact with the external surface of the vehicle in the event of an accident. 
 
Applies to 
 
Article 1 
 
For the purposes of this Directive, 'vehicle` means any motor vehicle of category N, as 
defined in Annex I to Directive 70/156/EEC, designed and constructed for use on the road, 
with or without bodywork, having at least four wheels and a maximum design speed 
exceeding 25 km/h. 
 
ANNEX 1 – point 1 
 
This Directive applies to the external projections forward of the cab's rear panel of motor 
vehicles of category N; it is limited to the external surface as defined below and does not 
apply to the exterior rear-view mirrors, including their supports, or to the accessories such as 
aerials and luggage racks. 
 
Definitions 
 
ANNEX 1 – point 2.1: External surface 
 
'External surface` means that part of the vehicle forward of the cab's rear panel as defined in 
ANNEX 1 point 2.5, with the exception of the rear panel itself, and includes such items as the 
front wings, front bumpers and front wheels. 
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ANNEX 1 – point 2.5: Cab rear panel 
 
'Cab rear panel` means the rearmost part of the external surface of the driver and passenger 
compartment. Where it is not possible to determine the position of the rear cab panel, for the 
purposes of this Directive it would be deemed to be the vertical transversal plane situated 50 
cm to the rear of the R point of the driver's seat, with the seat, if adjustable, located at its 
rearmost driving position (see Annex III to Directive 77/649/EEC) (1). If the cab is fitted 
with more than one row of seats, the rearmost passenger seat in its rearmost position has to be 
taken into account for the definition of the rear cab panel. However, the manufacturer may, 
with the agreement of the technical services, request an alternative distance if 50 cm can be 
shown as being inappropriate for particular vehicle. 
 
General requirements 
 
ANNEX 1 – point 3.2 
 
The 'external surface` of the vehicle must not exhibit, directed outwards, any part likely to 
catch on pedestrians, cyclists or motor cyclists. 
 
ANNEX 1 – point 3.3 
 
The 'external surface` of the vehicle must not exhibit, directed outwards, any pointed or sharp 
parts or any projections of such shape, dimensions, direction or hardness as to be likely to 
increase the risk or seriousness of bodily injury to a person hit by the external surface or 
brushing against it in the event of a collision. 
 
Specific requirements 
 
ANNEX 1 – point 4 
 
Table 1 lists the parts of the cab external surface which are liable to the directive 92/114/EEC 
and UN/ECE Regulation 61. 
 

Point of ANNEX 1 Applies to: 
Point 4.1 Ornaments, commercial symbols, letters and numbers of commercial 

markings 
Point 4.2 Headlamp visors and rims 
Point 4.3 Grilles 
Point 4.4 Windscreen and headlamp cleaning devices 
Point 4.5 Protective devices (bumpers) 
Point 4.6 Handles, hinges, pushbuttons of doors, luggage compartments, 

bonnets, vents, access flaps and grab handles 
Point 4.7 Running boards 
Point 4.8 Lateral air and rain deflectors and window anti-smear air deflectors 
Point 4.9 Sheet metal edges 
Point 4.10 Wheel nuts, hub caps and protective devices 
Point 4.11 Jacking points and exhaust pipe(s) 
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ANNEX 1 – point 4.12 
 
Projections and distances must be measured according to the requirements of Annex III. 
 
Review 
 
Directive 92/114/EEC and regulation 61 are analysed since both refer to external projections 
and are therefore relevant for pedestrian and cyclist impacts. The directive 92/114/EEC and 
regulation 61 deals with external projections and contact surfaces, which stand out from the 
vehicle, to ensure that these projections/surfaces do not feature sharp edges. The directive/ 
regulation refer to outstanding projections concerning the front or side of vehicles (Point 4.1 
to Point 4.6) and to lateral sections (Point 4.7). The injury risk of pedestrians and cyclists is 
thereby substantially reduced. The directive 92/114/EEC only refer to vehicles, which feature 
a maximum design speed of 25 km/h, have four wheels and are built with or without 
bodywork. Therefore only agriculturally used vehicles are included. Today such vehicles can 
drive up to 55 km/h, so it was necessary to create regulation 61 to extend the directive for 
vehicles in category N1, N2; N3.  
Regulation 61 is relevant for pedestrian/cyclist protection. 

4.2 DIRECTIVE 2000/40/EC  
 
Description 
 
The aim of this directive (Directive 2000/40/EC) is relating to the front underrun protection 
of motor vehicles. Directive 70/156/EEC addresses the type-approval of motor vehicles and 
their trailers. 
 
Aim 
 
Concerning the adoption of uniform technical prescriptions for wheeled vehicles, equipment 
and parts which can be fitted to and/or be used on wheeled vehicles, a front underrun 
protective device should be treated as a separate technical unit. 
In order to reduce the number of European road accident casualties, it was necessary to 
introduce without delay the measures, so as to improve the protection of the occupants of 
passenger cars and light vans from injury in the event of a collision with the front of heavy 
goods vehicles and to allow manufacturers of such devices and of vehicles equipped with 
such devices to obtain an EC type-approval if they meet the technical requirements of that 
regulation.  
 
Applies to 
 
This directive applies to types of front underrun protective devices as separate technical units 
for any vehicles of category N2 and N3. Vehicles of categories N2 with a maximum mass not 
exceeding 7.5 tonnes shall comply only with the ground clearance requirement of 400 mm as 
set out in this Directive. It does not apply to off-road vehicles of categories N2 and N3 and 
vehicles such that their use is incompatible with the provisions of front underrun protection. 
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Definitions 
 
"maximum mass" of the vehicle means the technically permissible maximum laden mass. 
"type of front underrun protection device", means front underrun protective devices which do 
not differ with respect to the essential characteristics such as shape, dimensions, attachment, 
materials and the markings.  
"front underrun protection" means the presence at the front of the vehicle of either: 
a special front underrun protection device; or body work, chassis parts or other components, 
such that by virtue of their shape and characteristics, these elements can be regarded as 
fulfilling the function of the front underrun protection device;  
 
4.2.1.1 Requirements on a front underrun protective device (FUPD) 
 
 

 
Figure 1: Front underrun protective device 

 
The FUPD shall offer adequate resistance to forces applied parallel to the longitudinal axis of 
the vehicle and also satisfy certain dimensional requirements. The section height of the FUPD 
cross-member shall not be less than 100mm for category N2 vehicles and 120 mm for 
category N3 vehicles. The lateral extremities of the cross-member shall not bend to the front 
or have sharp outer edge (rounded with a radius of curvature not less than 2.5 mm). The 
device may be designed so that its position can be varied, however, there shall be a 
guaranteed method of securing it in its service position to prevent it from being 
unintentionally moved. 
 
The outermost surface of every front guard installation shall be essentially smooth or 
horizontally corrugated. Domed heads of bolts or rivets may protude up to 10mm beyond the 
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surface. 
Points P1 are located 200 mm from the longitudinal planes tangential to the outermost points 
of the tyres on the front axle. 
 
Points P2 are symmetrical about the longitudinal centre-line of the vehicle at a distance of 
between 700 and 1200 mm from each other (defined by manufacturer). 
 
The test forces shall be applied to each of the test points in separate tests on the same vehicle 
or device, or, if requested by the manufacturer, on different vehicles or different samples. If 
the structure and components of the vehicle that are relevant to the front underrun protection 
are located substantially symmetrically about the longitudinal centre-line the tests at Point P1 
and P2 shall be carried out only on one side. 
 
The forces shall be applied as rapidly as possible and the vehicle or device must withstand the 
force for 0.2 seconds. 
 
A horizontal force equal to 50% of the maximum weight of the vehicle or intended vehicle 
type but not exceeding 80 kN shall be applied successively to points P1. 
 
A horizontal force equal to 100% of the maximum weight of the vehicle or intended vehicle 
type but not exceeding 160 kN shall be applied successively to points P1. 
 
If the device is discontinuous and is reduced in cross-section between the points P2 then the 
tests shall continue by applying a force at P3 equal to that applied at P1. 
 
The maximum horizontal and vertical displacements of each test point during the application 
of the forces shall be recorded. 
 
4.2.1.2 Requirements for the installation of an approved FUPD 
 
The FUPD shall be fitted to the vehicle so that the horizontal distance measured in the 
rearward direction from the foremost part of the vehicle to the front of the device does not 
exceed 400mm less the recorded deformation measured at any of the test points. When 
measuring these distances, any part of the vehicle that is more than 2m above the ground 
shall be excluded. 
 
The maximum ground clearance from the underside of the FUPD shall be no more than 
400mm between the two points P1 in the installed position. Outboard of each points P1 this 
height may be greater than 400mm providing the underside is not above a plane passing 
through the underside of the FUPD directly below P1 and forming a slope at 15° above the 
horizontal. 
 
The maximum ground clearance with respect to the underside of the FUPD between the 
points P1 shall be no more than 450mm taking into account their movement during the 
application of the test load. 
 
The width of the FUPD shall at no point exceed the width of the mudguards covering the 
wheels of the foremost axle nor shall it be more than 100mm shorter on either side than the 
foremost axle measured at the outermost points of the tyres, or 200mm shorter on either side, 
measured from the outermost points of the access steps to the driver’s cabin. 
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Review 
 
Since different regulations related to front underrun protective devices existed in most 
countries, this directive ensures that a uniform regulation exists in the European countries. 
The protective systems are to be regarded as separate and independent technical units. This 
thereby simplifies the inspection of front underrun protection devices. The regulation applies 
to vehicles of class N2, N3, not to off-road vehicles. The directive is not relevant for 
pedestrian/cyclist protection due to the insufficient geometric and force related limit values. 

4.3 UN/ECE REGULATION 73 
 
Description 
 
Uniform provisions concerning the approval of goods vehicles, trailers and semi-trailers with 
regard to their lateral protection 
 
Aim 
 
Vehicles covered by this Regulation shall be so constructed and/or equipped as to offer 
effective protection to unprotected road users against the risk of falling under the sides of the 
vehicle and being caught under the wheels. 
 
Applies to 
 
This Regulation applies to the lateral protection of complete vehicles and became effective on 
the 1st June 1990. It is for goods vehicles with a maximum mass exceeding 3.5 tonnes (N2 
and N3) with a maximum design speed greater than 25 km/h. Trailers (including semi-
trailers) with a maximum mass exceeding 3.5 tonnes (O3 and O4) with a design speed greater 
than 25 km/h. 
In addition, this directive specifically mentions that it does not prevent any country from 
having additional requirements for the vehicle parts forward of the front wheels and rearward 
of the rear wheels. 
 
General requirements 
 
Paragraph 6.1 
 
Vehicles in categories N2, N3, O3 and O4 (trucks and trailers) must be constructed and 
equipped in such a way as to offer, throughout their length effective protection to unprotected 
road users against the risk of falling under the sides of the vehicle and being caught under the 
wheels. This requirement will be considered satisfied either: 
 
if the vehicle is equipped with a special lateral protective device (side guards) in accordance 
with the requirements of paragraph 7; 
 
if the vehicle is so designed and/or equipped at the side that, by virtue of their shape and 
characteristics, its component parts can be incorporated and/or regarded as replacing the 
lateral protective device. Components whose combined function satisfies the requirements set 
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out in paragraph 7 below are considered to form a lateral protective device. 
 
Technical requirements 
 
Paragraph 7 
 
The specific technical requirements for the lateral protecting devices are listed in paragraph 7 
of the regulation:  
 
 
7.1. The lateral protective device shall not increase the overall width of the vehicle and the 
main part of its outer surface shall not be more than 120 mm inboard from the outermost 
plane (maximum width) of the vehicle. Its forward end may be turned inwards on some 
vehicles in accordance with paragraphs 7.4.3 and 7.4.4. Its rearward end shall not be more 
than 30 mm inboard from the outermost edge of the rear tyres (excluding any bulging of the 
tyres close to the ground) over at least the rearmost 250 mm. 
 
7.2. The outer surface of the device shall be smooth, and so far as possible continuous from 
front to rear; adjacent parts may however overlap provided that the overlapping edge faces 
rearwards or downwards, or a gap of not more than 25 mm measured longitudinally may be 
left, provided that the rearward part does not protrude outboard of the forward part; domed 
heads of bolts or rivets may protrude beyond the surface to a distance not exceeding 10 mm 
and other parts may protrude to the same extent provided that they are smooth and similarly 
rounded; all external edges and corners shall be rounded with a radius not less than 2.5 mm. 
 
7.3. The device may consist of a continuous flat surface, or of one or more horizontal rails, or 
a combination of surface and rails; when rails are used they shall be not more than 300 mm 
apart and not less than: 
 
-50 mm high in the case of N2 and O3; 
-100 mm high and essentially flat in the case of N3 and O4 
 
-combinations of surfaces and rails shall form a practically continuous side guard subject,  
 however, to the provisions of 7.2. 
 
7.4. The forward edge of the side guard shall be constructed as follows: 
 
7.4.1. Its position shall be: 
 
7.4.1.1. on a motor vehicle: not more than 300 mm to the rear of the vertical plane 
perpendicular to the longitudinal plane of the vehicle and tangential to the outer surface of the 
tyre on the wheel immediately forward of the guard; 
 
7.4.1.2. on a drawbar trailer: not more than 500 mm to the rear of the plane defined in 
paragraph 7.4.1.1; 
 
7.4.1.3. on a semi-trailer: not more than 250 mm to the rear of the transverse median plane of 
the support legs, if support legs are fitted, but in any case the distance from the front edge to 
the transverse plane passing through the centre of the kingpin in its rearmost position may not 
exceed 2.7 m. 
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7.4.2. Where the forward edge lies in an otherwise open space, the edge shall consist of a 
continuous vertical member extending the whole height of the guard; the outer and forward 
faces of this member shall measure at least 50 mm rearwards and be turned 100 mm inwards 
in the case of N2 and O3 and at least 100 mm rearwards and be turned 100 mm inwards in the 
case of N3 and O4. 
 
7.4.3. On a motor vehicle where the 300 mm dimension referred to in paragraph 7.4.1.1. falls 
within the cab, the guard shall be so constructed that the gap between its forward edge and 
the cab panels does not exceed 100 mm and, if necessary, shall be turned in through an angle 
not exceeding 45º. In this case, the provisions of paragraph 7.4.2 are not applicable. 
 
7.4.4. On a motor vehicle where the 300 mm dimension referred to in paragraph 7.4.1.1 falls 
behind the cab and the side guard is extended forward to within 100 mm of the cab, as an 
option to the manufacturer, then the provisions of paragraph 7.4.3 must be met. 
 
7.5. The rearward edge of the side guard shall not be more than 300 mm forward of the 
vertical plane perpendicular to the longitudinal plane of the vehicle and tangential to the outer 
surface of the tyre on the wheel immediately to the rear; a continuous vertical member is not 
required on the rear edge. 
 
7.6. The lower edge of the side guard shall at no point be more than 550 mm above the 
ground. 
 
7.7. The upper edge of the guard shall not be more than 350 mm below that part of the 
structure of the vehicle, cut or contacted by a vertical plane tangential to the outer surface of 
the tyres, excluding any bulging close to the ground, except in the following cases: 
 
7.7.1. Where the plane in paragraph 7.7 does not cut the structure of the vehicle, then the 
upper edge shall be level with the surface of the load-carrying platform, or 950 mm from the 
ground, whichever is the less; 
 
7.7.2. Where the plane in paragraph 7.7 cuts the structure of the vehicle at a level more than 
1.3 m above the ground, then the upper edge of the side guard shall not be less than 950 mm 
above the ground; 
 
7.7.3. On a vehicle specially designed and constructed, and not merely adapted, for the 
carriage of a container or demountable body, the upper edge of the guard may be determined 
in accordance with paragraphs 7.7.1. and 7.7.2 above, the container or body being considered 
as part of the vehicle. 
 
7.8. Sideguards shall be essentially rigid, securely mounted (they shall not be liable to 
loosening due to vibration in normal use of the vehicle) and, except as regards the parts listed 
in paragraph 7.9, made of metal or any other suitable material. The side guard shall be 
considered suitable if it is capable of withstanding a horizontal static force of 1 kN applied 
perpendicularly to any part of its external surface by the centre of a ram the face of which is 
circular and flat, with a diameter of 220 mm + 10 mm, and if the deflection of the guard 
under load is then not more than: 
 
30 mm over the rearmost 250 mm of the guard, and 
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150 mm over the remainder of the guard. 
 
Compliance with this requirement can be verified by calculation. 
7.9. Components permanently fixed to the vehicle, e.g. spare wheels, battery box, air tanks, 
fuel tanks, lamps, reflectors and tool boxes may be incorporated in the side guard, provided 
that they meet the dimensional requirements of this Regulation. The requirements of 
paragraph7.2 shall generally apply as regards gaps between protective devices and 
permanently fixed components. 
 
7.10. The guard may not be used for the attachment of brake, air or hydraulic pipes. 
 
Review 
 
Regulation 73 concerns lateral attached guards for heavy good vehicles, trailers and semi 
trailers. These side guards represent an effective underrun protection for pedestrians and 
cyclists in case of a lateral impact. In addition parts which stand out from the vehicle have to 
be arranged in such a way that no sharp edges evolve. Rear view mirrors, aerials and luggage 
racks are not included into this regulation and should therefore be part of future 
regulations/directives. Components permanently fixed to the vehicle, e.g. spare wheels, 
battery box, air tanks, fuel tanks, lamps, reflectors and tool boxes may be incorporated in the 
side guard, provided that they meet the dimensional requirements of this regulation.  
Regulation 73 does not relate to front systems. 

4.4 OTHER NATIONAL REGULATIONS  
Currently there are no other requirements for front underrun protection in non-European 
countries. However, Australian research (Lambert and Rechnitzer, 2002) has recommended 
the following requirements for rigid front underrun protection: 
 

- Ground clearance of no more than 350mm. 
- Full width to the outer edge of tyres or mudguards. 
- A frontal projection of at least 300mm to provide buffer space in impacts with the 

sides of cars, and hence reduce the opportunity for direct head to vehicle body 
contact. 

- Curved at the ends to reduce concentrated loads being applied in angled collisions. 
- A layer of progressive crush material applied to the hard surfaces that start off "soft" 

for impacts with unprotected road users and side of cars. 
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5 REVIEW, EVALUATION AND CATEGORIZATION OF EXISTING  
PEDESTRIAN/ CYCLIST INJURY PROTECTION SYSTEMS ON HV  

 
This chapter is organized in two main topics representing the major victim groups of heavy 
vehicle accidents: advanced vulnerable road-user protection systems and enhanced opponent 
vehicle occupant protection systems. The technical and scientific object of advanced 
vulnerable road-user protection systems is to identify the weak points of existing heavy 
vehicle designs on the basis of the real world accident scenarios. 

5.1 HEAVY VEHICLE RELATED LITERATURE AND PATENT REVIEW  
 
The following chapter presents the results derived from the first action, ”Heavy vehicle 
related literature and patent research of front and side related vulnerable road user safety 
systems”. This work has been performed by the sub-project partner TUG and is divided into a 
patent research/review and a research and review of existing systems. The results are 
subdivided into the manufacturer of these products. 
 
Patent review 
TUG searched for patents on the homepage of the “Deutsches Marken- und Patentamt” 
(“German Trademarks- and Patents office”). The German Trademarks- and Patents-office 
offers a free online inquiry service (www.depatis.net). By defining a search phrase not only 
German but international patents can be inquired. 
 
TUG tried to filter the most suitable patents. These are compiled in a table, which can be 
found in the annex. The goal was to find patents (and utility model – in German so called 
“Gebrauchsmuster” or “kleines Patent” (small patent)) dealing with the safety of vulnerable 
road users (pedestrians, bicyclists, in-line skater,…). 
 
The table is separated by light grey bars. The search phrases are highlighted by these light 
grey bars. Below each grey bar with the search phrase written in it, the results of each inquiry 
can be found. Each row shows: 

- Number of the Patent (with the state code in front) 
- Title of invention 
- Holder of the patent 
- Type of Protection (Pat…Patent, GBM…”Gebrauchsmuster” (utility model)) 
- Categorization 
- Short description, abstracting the invention 
- Date of Publication 
- Some sketches 

 
Since this topic is rather broad, TUG tried to keep the search phrases as broad as possible. 
Hence the results listed in the Annex cover all kind of inventions. To structure the inventions, 
the table in the annex has a column denoted as “Category”. TUG decided for following 
categories: 

- Driver assistance: System actively warning the driver of a potential risk situation. 
- Rear view mirror: Rear view systems based upon the use of mirrors 
- View Enhancement: Passive system (not warning the driver by acoustical or optical 

signs), which enhances the limited overview and covers for example the blind spots. 
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- Information Systems for vulnerable road users: A system fixed on the road 
infrastructure or on the vehicle itself, informing the vulnerable road users (and 
generally all other road users) of the vehicle’s driving situation (speed, braking, 
cornering,…). 

- Side guard rail: System covering the area between the axles, supposed to avoid the 
under-ride of vulnerable road users. 

- Anti-Underrun Device (for front): System for the front of the vehicle, supposed to 
avoid the under-run of vulnerable road users and/or incompatible vehicles. 

- Energy Absorption: System absorbing the impact energy and thus increasing the 
accelerations imposed on the impacting vulnerable road user. 

- Other: System not fitting into the categorization mentioned above. 
 
Product review 
On the other hand TUG used the patent holders to search for products and studies by the 
holders, aiming to reduce the severity of HGV-VRU accidents. TUG contacted manufacturers 
of commercial vehicles and their suppliers, asking them for information and brochures on 
their products, product-features and studies regarding vulnerable road user safety.  
 
Following manufacturers were contacted:  
MAN, Scania, Krone Nutzfahrzeugtechnik, Mercedes-Benz Nutzfahrzeugtechnik, Gross 
Aluminium, Ackermann Frühauf, Willburger Systemtechnik, Mekra Lang, Spitzer Silo, 
Volvo, Iveco, Delphi, Eaton, Dobli, Willburger. 
 
In the following section of the report the safety products, systems are structured by the name 
of the manufacturer. 
 
5.1.1 Delphi 
Source: [1] 
5.1.1.1 Turning Assist 
In many turning manoeuvres, the side mirrors do not provide a sufficient viewing angle to 
allow the driver to "see" and react to any objects present along the entire length of the tractor 
and trailer. Delphi's turning assist feature will help the driver in these situations. Using a 
monocular camera, a wide field of view is presented for the driver's viewing, on an in-cabin 
display, allowing a clear view along the entire length of the tractor and trailer. 
 
5.1.1.2 Security Assistance 
With Delphi's security assistance feature, a motion detector works with turning assist cameras 
and a rear object sensing camera to help provide the driver additional security. The 
monocular, wide-angle cameras provide an excellent view of the tractor doors and trailer 
cargo doors. When the security feature is enabled and the motion detector detects anyone 
near the tractor/trailer doors, the cameras will activate, allowing the driver to preview the 
situation and take appropriate action. 
 
5.1.1.3 Active Night Vision 
Delphi is debuting its active night vision system at an international motor show in Germany 
(IAA). The system uses an infrared-sensitive camera module with infrared high-beam 
illuminators or headlamps to help drivers who travel at night. Capable of discerning objects 
more than 100 meters away, the camera projects images onto an in-vehicle display that is 
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visible only to the driver. Compared to traditional thermal night vision technology, Delphi's 
system provides a more natural-looking image. And, since infrared light is not visible to 
humans, active night vision provides high-beam visibility capability without distracting 
oncoming drivers. The system is also unaffected by increased glare caused by xenon lamps 
and other headlight technology. 
 
5.1.1.4 Forewarn® Collision Warning Systems 
Delphi is helping to eliminate a truck driver's blind spots with its family of Forewarn 
Collision Warning Systems. The robust systems are operable in virtually all weather 
conditions and light levels. 
 
5.1.1.5 Forewarn Forward Alert 
Delphi uses 24 GHz, short-range, dual-beam radar-based sensing technologies to help detect 
obstacles up to 5 meters in front of the vehicle. The system alerts the driver with audible or 
visual warnings when a vehicle or other object is detected in the target zone. 
 
5.1.1.6 Forewarn Back-up Aid 
 

 
 

Figure 2: Forewarn Back-up aid 

 
Delphi uses a 24 GHz, short-range, dual-beam radar sensor to help detect obstacles up to 5 
meters behind the vehicle. The system alerts the driver with audible or visual warnings when 
a person, vehicle or other obstacle is detected in the target zone. In addition, this product 
features a monocular camera to provide a wide-angle view of the area immediately behind the 
vehicle to the driver on an in-cabin display. A second camera  
is mounted on the rear of the cabin and helps provide the driver a view of the fifth wheel 
region. In addition this camera assists the driver when aligning the tractor and trailer. The 
product is enhanced with a wireless link to allow the integrated radar and camera module to 
be mounted on a trailer bumper and transmit the vital data to the tractor without the need to 
install additional trailer cables. 
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5.1.1.7 Forewarn Side Alert 

 
 

Figure 3: Forwarn Side Alert 

 
Delphi's 24 GHz short-range Forewarn radar sensor helps alert the driver to vehicles or other 
objects in adjacent lanes. If the system detects an obstacle and the driver signals a lane 
change, an audible or visual alert allows the driver to take the appropriate action. The 
convenient, single-package unit contains an integrated radar sensor and controller that can be 
hidden behind the side of the truck body fascia without compromising vehicle styling. 
 
Forewarn Smart Cruise Control With Headway Alert, Forward Collision Warning, and Pre-
crash Sensing Delphi's multipurpose, mechanically scanning, long-range 76 GHz radar sensor 
can help detect objects in a truck's path up to 150 meters ahead. Sensor applications include 
smart cruise control, smart cruise control with headway alert, smart cruise control with 
collision warning, and smart cruise control with pre-crash sensing. Features and functions 
work together to help alert drivers to driving conditions that may lead to accidents, help 
prevent accidents that can be avoided, and mitigate the effects of those that cannot be 
avoided. 
 
Forewarn smart cruise control helps drivers maintain a consistent headway gap from the 
vehicle ahead even in congested traffic. With headway alert, drivers are warned if the driver-
set headway is violated, to help provide time required to assess the threat and take evasive 
action. With pre-crash sensing, the trajectory of the oncoming target, the time of impact, 
impact velocity, and point of impact are determined to enable countermeasures that protect 
occupants in the best way. 
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Figure 4: Overview of Sensor systems by Delphi 

 
 
5.1.2 Eaton 
Source: [2] 
5.1.2.1 Eaton®VORAD® BlindSpotterTM BlindSpotter : 

 
 

Figure 5: BlindSpotter by Eaton 

 
This device is a radar object detection system designed to alert the driver of obstacles on the 
side of the vehicle, in the “blind spot”. Radar-based technology is effective in detecting 
objects in poor visibilities such as rain, snow, sun glare and at night. When BlindSpotter 
detects an object in the coverage area, it reports the obstacle by indicating a red light on the 
driver display unit which is mounted in the driver’s line of sight with the side mirrors. If the 
turn signal is activated while an object is detected an audible tone will also sound. 
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Figure 6: VORAD and BlindSpotter by Eaton 

 
Eaton’s BlindSpotter is an excellent choice as a supplemental aid to address the limited 
viewing areas around the perimeter of large vehicles such as motor coaches, fifth-wheeled 
tractors, straight trucks and refuse applications. 
 
5.1.2.2 EVT-300 Collision Warning System with SmartCruise® 
Collision Warning System 

- Provides visual and audible warnings to the driver of objects in his lane up to 350 ft. 
[106.68 m] ahead. 

- Advanced forward looking Doppler radar (24.725 GHz - US and 24.250 GHz - EU) 
with patented monopulse technology results in improved lane discrimination, even on 
curved roads. 

- Range gated Side Sensor Doppler radar (24.725 GHz - US and 24.250 GHz - EU) 
capability to aid the driver in the detection of objects in “blind” spot alongside the 
truck. 

- Both radars operate effectively night or day, in rain, fog, dust, or snow. 
- Internal yaw rate sensor allows system to operate effectively on curved roads. 
- Software configurable performance parameters enable fleet specific system operation. 
- Vehicle Information Management System (VIMSTM) option records operational data 

for monitoring driver and vehicle performance. 
- Accident Reconstruction option records second-by-second traffic activity leading up 

to an accident. 
- Easy access driver ID card. 
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Figure 7: Fully equipped vehicle with the EATON system 
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Figure 8: Collision Warning System 

 
 
 
SmartCruise®: 

- The SmartCruise® system enhances driver convenience by maintaining driver pre-set 
speed 

- and following intervals to vehicles ahead, while in cruise control. 
- Helps maintain safe following distances. 
- Compatible with most major truck engine configurations. 
- Utilizes the J1939 data bus to control the engine ECU and retarder. 

 
5.1.2.3 Forward Looking CWS 
Features: 

- Audible/visual warnings of vehicles ahead 
- Continual road monitoring, even when driver is distracted 
- Tracks up to 20 vehicles 
- Slow moving proximity alert for objects within 3.66 m. 

 
Benefits: 

- Reduces rear end, rollover, road departure collisions and associated costs by up to 
70% 

- Conditions driver to maintain safer following distances 
- Assists driver in darkness, fog, rain, snow and dust 
- Reduces fuel, maintenance costs through increased following intervals 
- Reduces truck stop, parking lot, intersection accidents 
- Side Sensor(s) CWS 
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Features: 
- Right or left side hazard warning coverage, or 
- Increased coverage with two sensors on either side 
- Audible warning activated with turn signal benefits: 
- Warns driver of objects in blind spot 
- Reduces lane change/merge, intersection collisions and associated costs by up to 50% 

 
5.1.3 Daimler-Chrysler 
Source: [3], [9] 
5.1.3.1 Improving Night Vision 
Infrared-laser night vision system from DaimlerChrysler increases visibility at night. The 
system allows drivers to recognize darkly-clothed pedestrians and cyclists even at great 
distances. It also illuminates the road ahead over a distance of around 150 meters without 
blinding the drivers of oncoming vehicles. 
 
The night vision system is a big boost for safety and comfort: conventional high-beam 
headlights provide visibility of only 40 meters. 
 
 

 
Figure 9: View enhancement: Night Vision system by Daimler Chrysler 

 
The systems functions as follows: Two infrared-laser headlights on the vehicle's front end 
illuminate the road by means of infrared light that is invisible to the human eye. A video 
camera records the reflected image, which then appears in black and white on a screen 
located directly in the driver's field of vision, or else as a so-called head-up display on the 
windshield. 

 
The system will eventually be installed in premium production vehicles and other vehicles 
such as buses, trucks for transporting hazardous materials, emergency service vehicles and 
taxis, all of which require highly reliable safety systems. 
 
Driving at night in bad weather is tiring and risky: the German Federal Statistics Office 
reports that some 40 percent of serious accidents occur at night, despite the fact that night 
driving accounts for less than 20 percent of total driving time in the country. The main cause 
of the accidents at night is poor visibility. 

Infrared-laser off 

Infrared-laser on 
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Conventional high-beam headlights do not provide sufficient visibility, and many drivers 
therefore have difficulty estimating the correct distance. High-beams also blind the drivers of 
oncoming vehicles, thereby limiting their ability to react quickly to potential dangerous 
situations, particularly on wet roads. Poor visibility also causes drivers to tire very quickly, 
which can have fatal results. 
 
DaimlerChrysler's infrared night vision system is an active system with its own light source 
and, unlike passive systems, not solely dependent on information resulting from the heat 
emitted by objects in the field of vision. This means that it can discern objects which display 
no difference in temperature from their surroundings, like lane markers for example. 
 
Researchers chose an infrared light source because such light is virtually invisible to the 
human eye, meaning it cannot blind drivers of oncoming vehicles. Its narrow spectral width 
also offers substantial benefits: preset optical filters are capable of dampening the blinding 
effects of oncoming headlights by a factor of 50 to 100, while still allowing the system's 
reflected laser light to pass through. 
 
The DaimlerChrysler team even came up with another trick to reduce the blinding effects of 
oncoming high-beams: The laser headlights send pulsating infrared light onto the road. Since 
the video camera's electronic cover is synchronized with the frequency of the laser diode, the 
camera records all of the reflected infrared light but only a greatly reduced amount of the 
blinding light from oncoming vehicles. 
 
5.1.4 Dobli 
Source: [4] 
5.1.4.1 Blind spot mirror [4] 
After years of campaigns the Dutch society of bicyclists “Fiestersbond” had a part-success in 
their work against accidents caused by the blind spots: Since 2003 the so-called “blind spot 
mirror” is obligatory for heavy trucks in the Netherlands. The mirror covers not all the area in 
the blind spot, but diminishes it. In some literature the „blind spot mirror“ is denoted as 
„Dobli-mirror“. 
 

 
 

Figure 10: Blind spot mirror or Dobli mirror 
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Figure 11: Dobli mirror diminishes the area of direct view 

 
The Dutch government feared to introduce the “blind spot mirror” on their own (without 
support of the European Union) first. On the 26th of March the EU-traffic minister’s 
conference confirmed, that there is no problem about the national obligation. On the other 
hand the direct view (through the right corner of the vehicle) is diminished [5]. 
 
The nearside blind spot is something every bus and lorry driver has to live with. No matter 
how alert the driver may be, there is always the risk that someone or something will be 
overlooked. Even with a so-called panorama mirror it is easy to lose sight of cyclists and 
pedestrians close to the vehicle. The DOBLI® mirror (invented in Holland, where the name 
stands for the two words that mean blind spot) shows the area not covered by a “panorama” 
mirror. With a DOBLI® there is no blind spot, so the risk of accidents is greatly reduced. 
 
The DOBLI® is a simple mirror that can be fitted to the front of any vehicle and is fully 
adjustable. The driver can see at a glance through the windscreen — as his eye travels to his 
wing mirror — what is going on in the blind spot. 
 
5.1.5 Results of MoTiV and Protector 
Source: [5], [6] 
5.1.5.1 MoTiV 
MoTiV („Mobilität und Transport im Intermodalen Verkehr“) and it’s sub-project ASA 
(„Abbiege- und Spurwechselassistent“) was founded by the BMBF (Bundesministerium fuer 
Bildung und Forschung). MAN participated actively within this project. 
The area right of the vehicle is surveyed by a laser-scanner. Distances to objects can be 
estimated by the transit-time of the light impulses. A high lateral resolution and a large 
surveillance area can be realised by a serial assembly of the detectors. 
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Figure 12: The laser system used in MoTiV 

 
The laser beam is deflected by a rotating mirror. Light, reflected by a certain object, like a 
pedestrian or bicyclist, is detected by a photo-diode. The angle and distance to the object can 
be detected directly. The object’s speed can be calculated by differentiating the distance at 
different moments. 
 
The range of the laser scanner amounts for circa 30m. The angel of surveillance reaches 
nearly 180°. 
 
Right after MoTiV, the EU-Project “Protector” (“Preventive safety for un-protected road 
users”) was launched. Within this project MAN tried to reduce the disadvantages of the 
system developed in MoTiV. The system was sensitive to environmental impacts and in fact 
not affordable. 
 
5.1.5.2 Protector 
Hence the members of “Protector” decided to use a radar system with 24GHz frequency. 
Along the side of the vehicle three radar systems were attached. A radar system sends 
pencilled electromagnetic energy. Parts of this energy are reflected by the object and this 
leakage-field is detected by an antenna. The amplified data can be used to estimate the 
object’s parameter. The reflective properties of an object depend on the reflective area and 
the dielectric absorption. Hence it is difficult to detect small motorcycles, mopeds and 
bicycles. Trees and human beings can be detected rather well due to their high share of water. 
Problematic is the detection of objects that have oblique planes as well as the classification of 
type, size and form of an object. The range of the radar sensors amounts for 8metres, the 
horizontal beam angel is +-40°. 
The advantages of the systems are high robustness to environmental impacts (dirt, water, 
rain,..). 
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Figure 13: The radar system used in Protector (three antennas and three surveillance areas) 

 
Figure 14: The radar system used in Protector (radar range) 
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The system developed within Protector has three levels of warning: 
 

 
 

 
 

Level 1:  
HGV is indicating to turn right. Object is 2 m 
away from the first two sensors. 
 
The driver is warned by yellow symbols in 
the left and right rear view mirror. 

Level 2:  
The cyclist is not visible to the driver. The 
Infrared-laser and the radar are on. 
 
The driver is warned by red symbols in the 
the left and rigjht mirror. 
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Figure 15: The three levels of warning (Protector) 

5.1.6 Mekra-Lang 
Source: [9] 
5.1.6.1 Camera Surveillance System 
In accordance with the European Directive 2003/97/EG Mekra Lang has developed a camera 
surveillance system for busses and commercial vehicles. The camera weights about 0.3 kg 
and is very light sensitive (0.1 Lux (b/w)). The camera can be fixed to nearly any vehicle. 
 

 
 

Figure 16: Camera surveillance system by Mekra-Lang (conforming with 2003/97/EC 
and Dutch requirements) 

Level 3:  
Steer angle to the right >90° and distance of 
the object is <2m to the first two sensors. 
 
The driver is warned by red symbols in the 
left and right rear view mirror and by a 
buzzer. 
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An accident warning system is currently under development. By contrast to other systems, 
the one proposed by DEKRA relies on infrared sensors and is comparable to collision 
warning systems used in passenger cars. 
 
 

 
 

Figure 17: Infrared view enhancement system by Mekra-Lang 

 
5.1.7 Willburger GmbH 
Source: [8] 
5.1.7.1 Trixi  
 

 
 

Figure 18: Trixi®, mirror fixed at traffic lights 

 
The view enhancement proposed by Willburger GmbH seems to be better than the DOBLI 
mirror, since it doesn’t diminish the direct view through the right lower window corner. Trixi 
(the name of the mirror) is fixed directly under the traffic light. To avoid pollution the mirror 
will be fixed with a slight angle. As the driver has a look on the traffic light, he is able to 
check the area at the right cabin side and in front of the vehicle. 
 
The round mirrors have an diameter of 35 or 50 centimetres and there are heated versions 
available as well. The system is – compared to other view enhancement systems – rather 
cheap: 65 Euro. 
 
5.1.8 Others 
Source: [10] 
5.1.8.1 Improved view and improved side underrun 
In this chapter some examples for commercial vehicles with improved view and improved 
side underrun devices (side-skirt) are shown. 
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Figure 19: Hymer Safety Truck (presented at the IAA) [10] 

 

 
 

Figure 20: FIAT Study [10] 

 

 
 

Figure 21: Study by Spitzer Silo (designed by Colani) [10] 
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Figure 22: The Krone Safe-Liner [10] 

 

5.2 PASSENGER CAR RELATED LITERATURE AND PATENT REVIEW  
The following chapter presents the results derived from the first action ”Car related literature 
and patent research of front related vulnerable road user safety systems”. This work has been 
performed by the sub-project partner ika/RWTH and is divided into a patent “patents for 
pedestrian safety concepts” and literature “pedestrian safety concepts” research of existing 
systems. The results of the literature and patent research are subdivided into following areas: 
 

- Active Bumper Systems 
- Hood Lifting Systems 
- Outer Airbag Systems 
- A-pillar 
- Head Lights 
- Foam Materials 
- Front Design 

 
The report shows only the most promising patents and devices. All patents derived from the 
research are compiled in a table, which can be found in the annex.  
 
5.2.1 Pedestrian Safety Concepts  
At the front of vehicles it is necessary to protect pedestrians to reduce possible injuries of 
inevitable collisions as far as possible. New concepts offer an improved protection beyond 
these criteria, like hood lifting systems or extendable bumpers, which support the lower leg 
during a collision. The possible impact locations for pedestrians at the vehicle front should be 
designed to absorb impact energy and thus reduce the accident injuries. 
 
In the following chapters different concepts of vulnerable road user safety systems are 
presented, which can decrease the consequences of an accident. 
 
5.2.1.1  Active Bumper Systems 
Active bumpers within the leg range, which extend before the impact, can positively change 
the pedestrian kinematics and therefore reduce the injury risks. This can be realized by an 
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extendable entire front structure of the vehicle or by an extendable lower part of the bumper. 
 
There is an additional advantage in the way that the pedestrian will be steered toward the 
vehicle after the first contact, which reduces the risk of an overrun. Within this range, 
additional measures like airbags or a flexible hood can be used. Furthermore the sensitive 
knee range is to be preserved by active bumpers within the lower leg range. The active 
bumpers within the leg range can be implemented reversible or irreversible. The different 
body sizes of adults and children represent a fundamental problem.  
 

 
 

Figure 23: Active bumper and hood lifting system for pedestrian protection  

 
5.2.1.2 Hood Lifting Systems 
Head injuries can be reduced when the contact between the head and hard structural 
components, like engine parts, can be avoided. Therefore the objective of hood lifting 
systems is to increase the distance between hood and engine installations.  
 
For some vehicle types, for example sports cars, it is difficult to create enough space between 
engine and the hood. In order to increase the deformation path for a head impact, the hood is 
lifted by active systems. 
 

 
 

Figure 24: Hood lifting system/actuator [ika/RWTH Aachen] 
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The engine hood can be activated with the help of pyrotechnical solutions, feather/spring 
mechanism and/or by pneumatic actuators. The pivot of the hood lies in the area of the front 
edge whereby the lifting takes place in the cowl zone area. This leads to a maximum increase 
of the deformation path.  
 

 
 

Figure 25: Spring system [BASt] 

 

 
 

Figure 26: Hood lifting [Honda] 

 
5.2.1.3 Outer Airbag Systems  
A frequent injury cause in a collision between pedestrians and vehicles is the impact of the 
pedestrians on the vehicle front structure like engine hood, A-pillars or windscreen. Apart 
from the above mentioned hood lifting systems the airbags outside of the car offer an 
effective solution to reduce the injuries in case of an accident. 
 
However only patent applications and studies of such systems have been published so far. 
Due to the nature that airbag systems are not reversible, the biggest problem at the moment is 
the non-availability of sensors which can reliably detect a collision. 
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Figure 27: Arrangement of airbags [Ford] 

 
5.2.1.4 A-pillar 
At the A-pillar there are possibilities to further protect pedestrians in crash situations. An 
approach is to cover the complete A-pillars and windscreen with an airbag system (see 
above). Thus there is the possibility to create a softer A-pillar to absorb energy in case of an 
impact. These systems, which are located over the A-pillar and which will be activated with a 
spring-system (like the active bumper), are patent pending. 
 
5.2.1.5 Head Lights 
Headlights take a key point regarding pedestrian safety. In 70% of all pedestrian accidents the 
first contact zone is in the corner areas of the vehicle front. This circumstance leads to the 
fact that the headlights must feature a positive energy absorption characteristic and 
deformation behaviour in crash situations. In addition there are patents which deals with the 
movement of the headlights out of the impact zone in the case of an impact. 

 
5.2.1.6 Foam Materials 
The use of foam materials is not an independent system to protect pedestrians. Foam 
materials only work in connection with already existing protective systems. Foams can be 
additionally used in systems like bumpers, headlights, A-pillars or engine hoods to further 
absorb energy. Thus the contact area is softer and absorbs more energy, which leads to a 
reduction in injuries. 
 
5.2.1.7 Front Design  
Studies show that with flat windscreens the impact situation for pedestrians is better than with 
steep inclining windscreens. The best possibility is the construction of a windscreen which 
inclines in an angle of 35° ["Verkehrsunfall und Fahrzeugtechnik", Dietmar Otte, 
Verkehrsunfallforschung Hannover, June 1995].  
Nevertheless there are no patents to this subject. 
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5.2.2 Patents for Pedestrian Safety Concepts 
The presented patents are, according to the pedestrian protection concepts, dividable into 
following categories: 

- Active Bumper Systems 
- Hood Lifting Systems 
- Outer Vehicle Airbags 
- A-pillar 
- Head Lights 
- Foam Materials 
- Front Design 

 
Only the most promising patents from each category are listed. 
 
5.2.2.1 Active Bumper Systems 
Patent No. 1: 
Title  : " Aktiver Frontstoßfänger für Kraftfahrzeuge, der zu seiner Aktivierung die bei einem  
  Bremsvorgang wirkenden Verzögerungskräfte nutzt." 
 
patent number :  DE 43 37 225 C2 
Patent office :  Germany 
Int. Cl.:   B 60 R 19/40 
Patent date:  30.10.1993 
  
Abstract:  
The patent describes an active front bumper for motor vehicles, which uses the decelerating force working with 
brake applications for its activation. 

 
 

Figure 28: Patent DE 43 37 225 C2 

 

Patent No. 2: 

Title: “ Active bumper assembly” 

 
Patent number:  US 6 764 118 B2 
Patent office:   United States 
Int. Cl.:   B 60 R 19/40 
Patent date:   20.07.2004 
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Abstract: 
An active bumper assembly for mounting on a vehicle is disclosed. The active bumper 
assembly includes a bumper that may be simply supported to a vehicle. When the bumper is 
in the inactivated position it is disposed behind the outer edge of the vehicle. When activated, 
the bumper is moved to an activated position and extends below the outer edge of the vehicle. 
A sensing system detects an impending collision and generates a signal. An actuator responds 
to this signal, moving the bumper from the inactivated position to the activated position. 
A locking member, configured to be interconnected between the bumper and the vehicle 
frame, then secures the bumper in the activated position. 
 

  
 

Figure 29: Patent US 6 764 118 B2 

 
Patent No. 3: 
Title : "Stoßfängeranordnung" 
 
Patent number:  DE 101 00 876 C1 
Patent office:   Germany 
Int. Cl.:   B 60 R 19/38 
Patent date:   11.01.2001 
 
Abstract: 
The invention concerns a bumper arrangement for the front range of a passenger car 
disguised by a boarding. The cross bar is shiftable toward the boarding. It is effected via a 
sensor activated pneumatic muscle, which is connected parallel to the longitudinal extending 
and the vehicle frame in each case. 

 
 

Figure 30: Patent DE 101 00 876 C1 (bumper arrangement) 
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5.2.2.2 Hood Lifting Systems 
 
Patent No.4: 
Title : "System zum Anheben und Absenken einer Motorhaube eines Kraftfahrzeugs" 
 
Patent number:  DE 199 46 408 A1 
Patent office:   Germany 
Int. Cl.:   B 60 R 21/34 
Patent date:   28.09.1999 
 
Abstract: 
The system serves for the protection of pedestrians and cyclists and creates an additional 
distance between hood and engine mount, in order to prevent an impact of the head up to the 
engine mount. So that the system is reversible, it is suggested to use a reversible actuator, 
such as an electric motor, a pneumatic or hydraulic drive, a combination of these among 
themselves or a combination of a feather/spring with an electric motor. 
 

 
 

Figure 31: Patent DE 199 46 408 A1 

 
Patent No. 5: 
Title : " Kraftfahrzeug mit Vorrichtung zum Anheben eines Deckels oder Deckelteils bei einer  
  Fußgängerkollision sowie zur Rückführung desselben." 
 
Patent number:  DE 102 61 870 A1 
Patent office:   Germany 
Int. Cl.:   B 60 R 21/34 
Patent date:   20.12.2002 
 
Abstract: 
The invention concerns a motor vehicle with a movable cover or covering . In case of a 
pedestrian collision the cover or covering is moveable from a normal position into a raised 
position. In order not to endanger the passengers by the raised cover or covering it is 
suggested that a control unit is connected for the controlling of the two devices. 
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Figure 32: Patent DE 102 61 870 A1 

 
5.2.2.3 Outer Airbag Systems  
 
Patent No. 6: 
Title : " Sicherheitseinrichtung an einem Fahrzeug, insbesondere einem Kraftfahrzeug, zum  
  Schutz von Fußgängern" 
 
Patent number:  DE 100 59 203 A1 
Patent office:   Germany 
Int. Cl.:   B 60 R 21/34 
Patent date:   29.11.2000 
 
Abstract:  
The invention concerns a safety device at a vehicle to the protection of pedestrians. This 
safety device exhibits an arrangement of airbags at the vehicle body structure. In the active 
condition the arrangement of airbags takes the hood off in some areas. In case of several 
airbags these can overlap themselves mutually. 
 

 
 

Figure 33: Patent DE 100 59 203 A1 
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Patent No. 7: 
Title : “Vehicle safety device” 
 
Patent number:  GB 2 316 371 A 
Patent office:   United Kingdom 
Int. Cl.:   B 60 R 19/18 
Patent date:   23.08.1996 
 
Abstract: 
A safety device for a vehicle, comprising airbags attachable to a vehicle for storage in a first, 
non-inflated condition, and sensor means arranged to sense collision or imminent collision of 
the vehicle with an object (not shown) outside of the vehicle such as a pedestrian. When 
sensing a collision or imminent collision the sensor activates the inflation of the cushion to 
damp down the collision between the vehicle and the object. 

 

 
 

Figure 34: Patent GB 2 316 371 A 

 
Patent No. 8: 
Title : “Vehicle bumper and hood airbag system” 
 
Patent number:  EP 1 024 063 A3 
Patent office:   Japan 
Int. Cl.:   B 60 R 21/34 
Patent date:   26.01.2000 
 

Abstract:  
A vehicle-mounted system has a bumper, an airbag, a pedestrian sensor, and an inflator. The 
bumper is mounted to the front end of the vehicle front body. 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 and the vehicle, and generates a collision signal. The inflator receives the 
collision signal. As a response to the signal it generates and supplies gas to expand the airbag. 
The airbag expands forward, inclined upwardly, to cover an upper surface of the bumper and 
a front end of the hood. The airbag has a high-rigidity part at least on the front for receiving 
the gas from the inflator. The high-rigidity part receives an impact force from the pedestrian. 
The airbag expansion direction substantially opposes the direction of exertion of the impact 
force. 
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Figure 35: Patent EP 1 024 063 A3 

 
 
5.2.2.4 A-Pillar 
 
Patent No. 9: 
Title : “Deployable A-pillar covers for pedestrian protection” 
 
Patent number:  US 6 415 883 B1 
Patent office:   United States 
Int. Cl.:   B 60 R 21/34 
Patent date:   24.01.2002 
 
Abstract: 
A pedestrian protection apparatus for a motor vehicle includes left and right A-pillar covers. 
They have a retracted condition wherein they lie close to respective vehicle A-pillars, and are 
movable to a deployed condition wherein they are spaced forwardly from the respective A-
pillars. In the deployed condition, the A-pillar covers are able to deform and/or move 
rearward when struck by a pedestrian so as to absorb impact energy and thereby lessen the 
likelihood and/or severity of injury, as compared with direct impact with a conventional, 
stationary A-pillar. An actuator system includes a contact or non-contact sensor for indicating 
an actual or imminent collision with a pedestrian, and pyrotechnic devices that urge the A-
pillar covers to the deployed condition prior to a pedestrian impact with the A-pillar covers. 
The hood and/or windshield may also deploy to a pedestrian-friendly position in conjunction 
with deployment of the A-pillar covers. 
 

 
 

Figure 36: Patent US 6 415 883 B1 
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Patent No. 10: 
Title : "Sicherheitssystem für ein Kraftfahrzeug" 
 
Patent number:  DE 100 14 832 A1 
Patent office:   Germany 
Int. Cl.:   B 60 R 21/34 
Patent date:   24.03.2001 
 
Abstract:  
The invention concerns a safety system for a motor vehicle. In case of an accident with 
pedestrians an airbag can cover the complete windshield framework, in particular the A-
pillar. Thus energy can be absorbed, in order to protect the pedestrian. 

 
 

Figure 37: Patent DE 100 14 832 A1 

 
 
5.2.2.5 Head Lights 
 
Patent No. 11: 
Title : "Fahrzeug, insbesondere Kraftfahrzeug, mit Scheinwerferanbindung für  
  Fußgängerschutz" 
 
Patent number:  DE 1002 57 267 A1 
Patent office:   Germany 
Int. Cl.:   B 60 Q 1/05 
Patent date:   07.12.2002 
 
Abstract:  
The invention concerns the headlights of vehicles. In order to reduce the risk to hurt 
pedestrians by the rigid construction unit, it is suggested, bringing in the headlights reversibly 
to the rear into the vehicle range. 
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Figure 38: Patent DE 1002 57 267 A1 

 
5.2.2.6 Foam Materials 

 
Patent No. 12: 
Title : "Stoßfänger für ein Kraftfahrzeug" 
 
Patent number:  DE 3639195 C2 
Patent office:   Germany 
Int. Cl.:   B 60 R 19/22 
Patent date:   15.11.1986 
 
Abstract:  
The invention concerns a bumper for a motor vehicle with foam material lying behind to 
absorb impact energy. 
 

  
+ 

Figure 39: Patent DE 36 39 195 C2 (Bumper with foam material) 
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5.2.2.7 Front design 
 
No patents found. 

5.3 PEDESTRIAN AND CYCLIST INTERACTION AND EFFECTIVE COUNTERMEASURES  
 
The following chapter presents the results of the third action, ”Report on pedestrian 
interaction and effective countermeasure” and refers to results acquired in sub-task “Research 
and benchmark” of the task “Development of Aggressivity Index”. This work has been 
performed by the sub-project partner Bolton and is divided into “Development of geometric 
corridors” and “Definition of Contact Zones and effective Countermeasures”. 
 
5.3.1 Development of geometric corridors 
One of the problems of looking at collisions between trucks and pedestrians/cyclists is that both vary 
in size and weight and there are an infinite number of combinations of pedestrians and trucks that 
could be involved in collisions. 
 
It is not practical to consider every case so three cases have been selected and these will be used to 
develop a structured approach to the problem. The three cases are: 
 
·  A male just tall enough to be in the tallest 5% of the male population. This case is known as the 

95th Percentile male. 
·  A female just short enough to be in the shortest 5% of the female population known as the 5th 

Percentile female. 
·  An average size 3 year old child. 
 

An adult or older child struck by a truck is likely to have a height between that of the 95th Percentile 
male shown in Figure 40 (left) and a 5th Percentile female shown in Figure 40 (middle). 
 
A younger child struck by a truck is likely to have a height between that of the three year old shown in 
Figure 40 (right) and a 5th Percentile female shown in Figure 40 (middle). 
 
A toddler (up to three years old) struck by a truck is likely to be up to 99cm in height.  

 
Figure 40: 95th Percentile male, 5th Percentile female and Average 3 yr old 
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A 95th percentile cyclist male is shown in Figure 41. 
 

 

Figure 41: 95th cyclist male 

5.3.1.1 The horizontal corridors 
Based on the above statements three horizontal corridors can be proposed to define areas of likely 
contact between truck and pedestrian/cyclist. These corridors are shown in Figure 42 and Figure 43. 
Comparison of Figure 42 and Figure 43 shows, that the contact corridors of a 95th male cyclist 
coincide with those of the standing pedestrians. Therefore the determined horizontal corridors are 
valid for cyclist as well as pedestrian interactions with heavy vehicles. 
 
The horizontal corridors are fixed at these dimensions and can be drawn onto a picture of a truck of 
any size to indicate likely pedestrian contact areas. It should be noted that the corridors are drawn 
onto an unloaded static truck. When the truck is carrying heavy loads or braking prior to a collision 
the truck cab will be in a lower position relative to the corridors. 

 
Figure 42: Horizontal Corridors with pedestrian 
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Figure 43: Horizontal Corridors with cyclist 

5.3.1.2 The vertical corridors 
 
Three vertical corridors can also be defined to represent three areas across the width of the truck that 
the pedestrian may come into contact with. The reason for doing this is that pedestrian kinematics and 
severity of injury can be very different for collisions at the centre or the ends of the truck front. The 
width of these vertical corridors depends on the width of the truck. Hence, the horizontal and vertical 
corridors for a MAN 2000 truck are shown in Figure 44. 
 
The results of collisions in the three vertical corridors, which are called driver side, vehicle middle 
and passenger side are described below. 
·  Driver side: This is the outer region at the front of the truck where the driver is located. 

Pedestrians involved in collisions within this region will usually suffer serious or fatal injuries. 
Two additional dangers to the pedestrian follow the initial collision. There is the possibility of 
either being run over by the truck or by another vehicle travelling in the opposite direction. 

·  Vehicle middle: A pedestrian involved in a collision within this area will often fall to the ground 
after the impact. This may result in the pedestrian being trapped and dragged under the vehicle for 
a certain distance as the vehicle slows down. 

·  Passenger side: It is often difficult for the driver to recognise pedestrians in front of this area. 
Consequently there are a relative large number of collisions in this region. Pedestrians in contact 
within this area face the danger of being run over by the truck or they may be deflected to the 
footpath. 
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Figure 44: Horizontal and vertical corridors 

 

5.3.2 Definition of Contact Zones and effective Countermeasures 
The combination of horizontal and vertical corridors divides the heavy vehicle front into nine contact 
zones. These zones are drawn in Figure 45. Possible outcomes of pedestrian/cyclist collisions are 
shown in Figure 46. 
 

 
Figure 45: Definition of nine contact zones formed by corridors 
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Figure 46: Possible outcomes of pedestrian/cyclist collisions 

5.3.2.1 Identification of structural components at the front of the truck 
 
The front parts of the Man 2000 truck are shown in Figure 47 and listed in Table 1. The design of the 
front of the cab is representative for trucks of this size. 

 

Figure 47: Parts at the front of a MAN 2000 truck 

Table 1: List of truck front parts  
Part. Description. 

1 Front bumper. 
2 Wind deflector. 
3 Front wall. 
4 Mirror support bracket. 
5 Radiator grille. 
6 Front wall panel handle. 
7 Front wiper. 
8 Cover of lower mirror. 
9 Cover of full size mirror. 
10 Front windscreen. 
11 Front panel. 
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5.3.2.2 Structural components in contact zones 
 
After the geometric corridors, contact zones and structural components have been discussed they can 
be arranged in a single matrix. Table 2 shows the nine contact regions and the truck parts that are 
located in each region. 
    

Table 2: Contact between pedestrians/cyclists and truck parts during a collision 

Vertical Corridors  

Driver Side Middle Side Passenger Side 

Upper Corridor 3, 4, 7, 9, 10 3, 6, 7, 10 3, 4, 7, 8, 9, 10 

Middle corridor 2, 11 3, 5 2, 11 

H
or
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Lower corridor 1, 2, 11 1, 5, 11 1, 2, 11 

 
5.3.2.3 Parts of pedestrians/cyclists in contact zones 
 
Table 3 associates the body parts of pedestrians/cyclists and the zones of the truck front they 
may get in contact with. 
 

Table 3: Body parts in contact zones 
Vertical Corridors  

Driver Side Middle Side Passenger Side 

Upper 
Corridor 

Head of adult/cyclist or 
older child 

Head of adult/cyclist or 
older child 

Head of adult/cyclist or 
older child 

Middle 
corridor 

Head of young child 
Torso or arm of 
adult/cyclist 

Head of young child. 
Torso or arm of 
adult/cyclist 

Head of young child 
Torso or arm of 
adult/cyclist 

H
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Lower 
corridor 

Head of toddler Leg of 
adult/cyclist/older child 

Head of toddler Leg of 
adult/cyclist/older child 

Head of toddler Leg of 
adult/cyclist/older child 

 
5.3.2.4 Effective countermeasures 
 
In order to reduce the severity of injuries caused by truck pedestrian/cyclist impacts the following 
countermeasures can be employed in order to minimise the aggressiveness: 
 
·  Reduced stiffness of key components in the front and side structures. The bumper for example 

may be made of energy absorbing materials rather than current rigid composite structure. 
·  Cover the wipers so that they do not come in contact with an adult pedestrian/cyclist head at 

impact. Another option is to place the wipers at the cabin top near the front roof rail. 
·  Reduction of the ground clearance by increased bumper size in order to minimise underrun 

situations during pedestrian/cyclist interactions.  
·  The mirror frame geometry may be changed to a modern one that features energy absorbing 

covers. Their location may be raised to eliminate contact with pedestrian/cyclist’s head. 
·  The general front driver cabin geometry may alter to have a streamlined shape which will allow 

easy deflection of pedestrian/cyclist. An easier deflection of pedestrians or cyclist will promote 
deflection into oncoming traffic. This will minimise underrun and reduce the severity of injuries. 
In addition streamlining the driver cab will to some extent eliminate the sharp corner impact. 
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5.4 INVESTIGATION OF THE BENEFITS OF IMPROVED SIDE GUARDS  
The following chapter presents the results from a study of TRL which was commissioned by 
the UK Department for Transport (DfT) to investigate the potential benefits of an integrated 
approach to the design of safety guards and spray suppression equipment for HGVs. This 
report should support the work within this project. The following chapters are an extract of 
the report from TRL. 
 
5.4.1 Discussion of modelling predictions 
The objective of this work was to complete a model based comparative investigation of the 
potential injury risk that traditional side guards and integrated side guards fitted to HGVs 
pose to vulnerable road users, such as pedestrians and cyclists. Based on a series of model 
predictions the general findings are that injuries and high body loads are more likely during 
vulnerable road user impacts with HGVs if the vehicle is fitted with a traditional rail type side 
guard rather than a smooth integrated guard that covers the trailer wheels. 
 
The nature of collisions between vulnerable road users and the side of HGVs is chaotic, 
particularly for the traditional side guard. It is, therefore, not possible to model all of the 
possible interactions between the vulnerable road user and the HGV exhaustively. All of the 
HGV structures have been assumed to be perfectly rigid and all deformation during 
vulnerable road user contacts with the ground and the HGV models was assumed to occur in 
the vulnerable road user model only. In reality side guards will permit some deformation, 
which is likely to reduce the magnitude of injury criteria and loads predicted. In addition to 
this the design of the vulnerable road user model and the injury criteria designed for use with 
the model are intended for frontal impact in cars. This does limit the ability of the modelling 
to predict absolute injury risk. However, accepting these limitations, the model does offer a 
valid comparative analysis of the influence of the geometrical properties of side guards on 
relative injury risk. These limitations must be taken into account when considering the 
conclusions of this work. 
 
Many of the high injury predictions and high body loads predicted by the models in this work 
were more a consequence of resulting interactions with the ground rather than a consequence 
of direct impacts between vulnerable road users and the HGV structures. This was the 
predicted behaviour despite the fact that both the HGV models and the ground simulated in 
the model runs were both represented as rigid bodies. An additional point is that in reality the 
cyclist might also be wearing protective head gear. This feature was not explicitly modelled 
but may reduce the magnitude of the head loads and HIC values predicted in this work.  
 
For collisions with the HGV model fitted with a smooth integrated guard, the general finding 
was for the vulnerable road user model to slump and fall close to the moving HGV model. 
This provided greater potential for the upper appendages of the vulnerable road user model to 
fall under the guard and be crushed by the trailer wheels. Furthermore, for cycle impacts into 
the integrated guard, there was a greater likelihood of the cyclist falling onto their bike and 
suffering injuries from the bike. In contrast the impacts with the traditional rail side guard 
generally resulted in at least the upper torso and appendages being thrown clear of the HGV. 
However, the possibility of the legs being run over by the trailer wheels of the HGV 
remained. 
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5.4.2 Summary 
1) A comparative modelling investigation has been completed to assess the influence that 

traditional side guards and smooth integrated side guards fitted to HGVs have on the 
injury risk to vulnerable road users in collision with the side of HGVs. In a defined series 
of simulated impact conditions the general findings were that 

a) Both designs of guard were effective at preventing the upper body of the vulnerable 
road user being run over by the rear wheels 

b) In comparable impact conditions, traditional HGV side guards pose a greater injury 
risk to vulnerable road users than the integrated guard design based on comparisons of 
predicted injury criteria and body joint loads. However, the upper bodies of 
vulnerable road users did fall closer to the vehicle with the smooth side guard 
increasing the risk that upper appendages could be run over by the wheels of the 
passing vehicle. There was a chance of lower extremities being run over by the rear 
wheels for both designs dependant on the impact point. 

c) The main injury risk appears to be for head and neck injuries, and in many cases, this 
can be attributed to interactions of the vulnerable road user with the ground rather 
than as a consequence of direct impacts with the side of the HGV. Observation of the 
vulnerable road user model showed that with traditional rail type side guards fitted to 
the HGV, the vulnerable road user experiences a more severe impact with the side of 
the HGV. This results in the upper torso of the vulnerable road user being thrown 
clear of the HGV but there is still the risk that legs may be run over by the HGV 
trailer wheels.  

2) There was considerable evidence from accident studies to support the findings of the 
computer simulation that traditional side guards were effective at preventing casualties 
from being run over by the rear wheels, but that serious injury, particularly head injury 
could still occur. 

a) The proportion of pedal cyclists killed or seriously injured by an HGV going straight 
ahead has reduced substantially since the introduction of side guard regulations. 

b) Exempt vehicles were found to be statistically over involved in fatal and serious 
accidents when pedal cyclists were injured by an HGV going straight ahead. 

c) Case studies from in-depth accident databases showed that no cyclists were killed by 
a passing HGV equipped with side guards as a result of being run over by the rear 
wheels after a collision with the side guard. 

d) Case studies showed that some cyclists were killed after a collision with a side guard 
as a result of serious head injury. 

e) Case studies showed some cyclists received serious leg injuries as a result of lower 
limbs being run over by the rear wheels despite the presence of side guards. 

3) There was less evidence that traditional side guards were effective at preventing cyclists 
from being killed or seriously injured during other manoeuvres. 

4) There was less accident evidence to demonstrate the effectiveness of traditional side 
guards at preventing pedestrians from being killed or seriously injured by a passing HGV. 

a) Most pedestrians were killed or seriously injured in collision with the front of the 
HGV and the distribution of injury severity in this type of accident has become more 
severe over the period studied. 
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b) There was a moderate decrease in the proportion of pedestrians killed by a passing 
HGV but the proportion seriously injured had increased marginally. 

c) There was a suggestion that exempt vehicles might be over involved in fatal and 
serious accidents of this type but the suggestion was not statistically significant. 

d) Case studies suggested that pedestrians might typically have different accident 
mechanisms with a greater number appearing to walk into the side of an HGV while 
still upright rather than falling into the side in the same way as cyclists. 

5) Estimates of the potential casualty reduction effect of ending exemptions to current side 
guard regulations and changing to a smooth design of side guards have been made. 
Estimates for the exemptions have been made based on the involvement rate of vehicles 
that are currently not exempt. Estimates of the benefit of smooth side guards have been 
made based on a combination of the probability of head injury for the different levels of 
HIC found in the computer simulation and case studies. 

6) The estimates are considered to be conservative because they exclude a number of 
possible benefits from other manoeuvres not evaluated and a number of simulated 
differences to body loads for which there is no known translation to probability of injury 
risk 
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5.5 ASSESSMENT OF EXISTING SYSTEMS  
The following chapter presents the assessment of existing pedestrian/cyclist injury protection 
systems on heavy vehicles, that are identified in the action ”Heavy vehicle related literature 
and patent research of front and side related vulnerable road user safety systems”. This work 
has been performed by the sub-project partner TUG.  
 
The inventions found in the literature and patent review were structured in following 
categories: 
 

- Driver assistance: System actively warning the driver of a potential risk situation. 
- Rear view mirror: Rear view systems based upon the use of mirrors. 
- View Enhancement: Passive system (not warning the driver by acoustical or optical 

signs), which enhances the limited overview and covers for example the blind spots. 
- Information Systems for vulnerable road users: A system fixed on the road 

infrastructure or on the vehicle itself, informing the vulnerable road users (and 
generally all other road users) of the vehicle’s driving situation (speed, braking, 
cornering,…). 

- Side guard rail: System covering the area between the axles, supposed to avoid the 
under-ride of vulnerable road users. 

- Anti-Underride Device (for front): System for the front of the vehicle, supposed to 
avoid the under-ride of vulnerable road users and/or incompatible vehicles. 

- Energy Absorption: System absorbing the impact energy and thus increasing the 
accelerations imposed on the impacting vulnerable road user. 

- Other: System not fitting into the categorization mentioned above. 
 
5.5.1 Evaluation of Categories 
In the first instance an overall evaluation of the various categories is taken: 
 

- Driver assistance: The big advantage of a driver assistance system is that it surveys 
the surroundings of the vehicle all the time. Hence it does not depend on the attention 
of the driver. The driver assistance is able to call the attention of the driver to a 
potentially risk situation.  

- Rear view mirror and view enhancements may enlarge the surveyed area. However, 
the area surveyed by the driver has to be evaluated by the driver himself. Hence, the 
improvements offered by such a system rely on the attention of the driver, which may 
be distracted. The “acceptance” will decide whether there is a positive effect of the 
system or not. By acceptance two different things are meant:  

o Willingness: not willing to use (in fact ignoring) a mirror or view 
enhancement  

o Ability: not able to use a certain system, because the driver’s attention is 
distracted 

- Side guard rails: According to a study by DEKRA, none of the currently available 
side guard rails is able to prevent over-run of the fallen VRU (lying on the road). 
However, some of them may at least prevent the cyclist to be grabbed and/or to be 
thrown down.  

- Information Systems for the VRU are an interesting approach to improve the safety 
for VRUs. However, most of the systems will fail in every day life to improve the 
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safety for VRUs. 
- Energy Absorption Devices: will help to decrease the risk for direct contact injuries. 

Nevertheless the energy absorption will not diminish the amount of run over, which 
contributes to a good part of all severe or fatal injuries. The EA-devices will be useful 
in a certain speed area, when the VRU impacts the vehicle’s front and is thrown 
sufficiently away, not to be overrun. 

 
Comparing the results of the patent and the product review it is obvious that: 
 

- Most manufacturers concentrate on the development of radar-based view 
enhancement systems. Typical examples are: “Forewarn Forward Alert”, “Forwarn 
Back-up Aid” by Delphi or “Blindspotter” by Eaton. Laser and infrared based 
technology are widespread among night vision systems (Delphi, Daimler-Chrysler). 

- Side guard rails were extensively found in the patent review as well as in the product 
review. Some of them are used for contact-detection as well (at least in the patents): 
When a touch plate comes in contact with a pedestrian/cyclist, a switch is operated to 
start an alarm and to stop the engine. 

- Energy absorption systems were found to be protected by patents, but no 
manufacturer is currently offering or planning to offer an energy absorption system 
for the purposes of VRU protection. This is conspicuous since car-manufacturers by 
contrast are currently developing energy absorbing systems (airbag, moveable front 
portion). 

- Even though it seems to be likely, that rear view mirrors are supplemented or even 
replaced by camera surveillance systems in combination with radar- or infrared-based 
view enhancements in the near future, TUG found some products that improve the 
status quo in truck design. The idea is more or less always the same: By placing the 
mirror in front of the cabin (instead of fixing it on a height with the a-pillar), the blind 
spot is narrowed down (so-called “Dobli-mirror”). On the other hand mirrors could be 
a part of the road infrastructure as well: The “Trixi-mirror” is fixed directly under the 
traffic light. As the driver has a look on the traffic light anyway, he checks the area at 
the right cabin side and in front of the vehicle. 

- Information systems (like a break light in the front of the vehicle) are totally neglected 
by the manufacturers.  

 
Reviewing VRU protection devices, it is obvious that manufacturers concentrate on the active 
safety, but are neglecting passive safety aspects more or less completely. Especially for the 
front structure of the cabin, there were no systems found, improving the interface between 
VRU and HGV. Even though the avoidance of accidents by active safety protection systems 
is preferable, the lack of development in the area of passive safety is alarming. Reasons for 
the deficiency are: 
 

- VRU-HGV accidents are seldom (but fatal at a high rate). Protection systems 
therefore have to be highly efficient and reasonable priced. 

- There is no pressure from the side of government to meet minimum requirements of 
VRU protection. 

- In fact most VRU-HGV accidents are caused by the blind-spots (right turning 
accident) of the truck or by reduced sight in the night time (passing by accident). 
Therefore the primary goal is to improve direct and indirect (mirror) sight out of the 
cabin. 

- The accidentology proved, that a number of severe or fatal accidents include run-over. 
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Research work done by DEKRA has shown that run-over can not be avoided by side 
skirts, even when the distance to the ground amounts for less than 150mm. The 
research report points out, that run over can be hardly avoided. Hence, the 
manufacturers concentrate on the accident avoidance than on the injury risk 
minimization. 

 
5.5.2 Assessment of Patents 
Each patent was assessed by giving marks. In the Annex an evaluation matrix can be found: 
Each row corresponds to a patent, while the columns correspond to the accident scenarios 
(which are described in the matrix). So each patent was assessed by its effects on a certain 
accident scenario. Of course that means, for example that side guard rails will fail to give any 
improvement to scenario 1 (right turning), but will highly effect scenario 2.1 (over taking). A 
“1” means that the invention would strongly effect the scenario, meaning that the injury risk 
or the accident risk would decrease. Inventions that are not affecting the injury or accident 
risk are assessed with a “5”. The assessments of some patents depend on the “acceptance” of 
the driver. A typical example is the mirror: Even when the vehicle is equipped with an 
additional mirror, it is unsure whether the driver is accepting and using the mirror. In these 
cases it was assumed that the driver is using, respectively accepting the product.  
The numbers in the column “query” refer to the numbers used in the report “review of 
literature and patents”. So, if looking for the description and the sketch of an invention, refer 
to the report “review of literature and patents”. 
 
5.5.3 Summary 
Marks given for the first four scenarios (which are relevant for SP2) were averaged and 
sorted by value. Following inventions were assessed to be best: 
 

1.  All-surrounding-skirt: The whole vehicle (including the tires) is surrounded by a 
skirt.  

 

 
 

Figure 48: All-surrounding-skirt system 

 
2. Self lowering bumpers: The bumper is lowered in case of contact with a VRU. The 

proposed systems are actuated hydraulically, electrically or mechanically. For 
construction vehicles these type of invention can be used to increase the ground 
clearance when going off-road. Such systems could be accepted by the driver, when 
the system is flipping the bumper upwards automatically. For example: At the 
entrance of a construction site a sender is positioned, messaging the vehicle, that the 
bumper has to be flipped up- or downwards. 
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Figure 49: Self lowering bumper 

 

3. Airbag systems. 
 

 

 
 

Figure 50: Front Airbag systems 

4. Side-Guard systems that are detecting a contact and warning the driver or is braking 
the vehicle automatically. 

 

 
 

Figure 51: Detecting side guard systems 

 
Some remarks to the assessment: 

- The all-surrounding-skirt is assessed best since it is affecting positively all four 
scenarios. 

- The self lowering bumper is assessed to be good, since preventing run-over. 
- Airbag systems are not assessed to be as good as the self lowering bumper, since they 

are not avoiding overrun.  
- Side guard systems are affecting positively only some scenarios and are therefore 

placed fourth. 
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6 NEW DESIGN POSSIBILITIES AND CONCEPTS 

On basis of the previous investigations of existing regulations and patents, in this chapter new 
design concepts and possibilities will be generated as well as add on parts which can be taken 
off for existing Heavy Vehicles. Their potential performance and feasibility as well as their 
costs and benefits will be evaluated. Furthermore these systems are divided into active 
systems, that are to prevent a collision and passive safety systems that are to reduce the 
consequences of a collision related to the injuries of the involved road users. The latter 
systems regard deployable and non deployable systems. Also investigated are add-on 
solutions for existing HV. 

6.1 SYSTEMS FOR ACTIVE SAFETY 
 
6.1.1 Contact sensing coupled with brake 
This proposal prevents run over of pedestrians walking in front of HV. A remarkable amount 
of accidents are caused by a standing HGV pulling away in front of a traffic light, not being 
aware of the pedestrian crossing the street in front of the truck. The chance for overrun or 
override is high (the driver is not noticing the impact). Hence a contact sensor coupled with 
the brake, stops the vehicle when a contact is detected (<10 km/h). The emergency braking 
system is disabled when the vehicle is driving more than 10 km/h. Additionally the 
emergency braking system can be override manually, to provide mobility in case of 
malfunction.  
 
Qualitative Evaluation of Design 
Advantage Prevents injuries, good feasibility 
Disadvantage Costs of sensor system  
Assessment of crash solutions 
Advantage Inner-urban accidents – starting 
Disadvantage  

Advantages / Disadvantages of contact sensing coupled with brake 

6.1.2 Pull-away inhibition 

Accident avoidance when pedestrian walks in front of HV that is about to pull away 
(reversing). The “pull-away inhibition” is addressing the same accident scenario as the 
“contact sensing”. When an object is within the front blind spot, the driver may not pull 
away. In other words: An object closer than 1-1.5 m to the vehicle front will inhibit the 
standing vehicle to pull away. Again an override function has to be provided, to guarantee 
mobility in case of malfunction.  

Qualitative Evaluation of the Design 
Advantage Prevents injuries, good feasibility 
Disadvantage Costs 
Assessment of crash solutions 
Advantage Inner-urban accidents, moving forwards and backwards 
Disadvantage  

Advantages / Disadvantages of pull-away inhibition 
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6.1.3 Manoeuvre dependent video surveillance 

The front, the side and the rear is surveyed by video cameras. Dependent on the manoeuvre 
(pulling away, turning, rearwards driving) the relevant video is shown on a LCD screen. 
Under normal circumstances (going straight) the video surveillance is turned off, to avoid 
distraction. 

 
Qualitative Evaluation of the Design 
Advantage Very good for reduction of blind spot 
Disadvantage Costs 
Assessment of crash solutions 

Advantage 
Good influence on right turning, overtaking, inner-urban starting and moving 
backwards 

Disadvantage No influence on driving inner-urban 

Advantages / Disadvantages of Manoeuvre dependent video surveillance 

6.1.4 Curve-radius dependent rear view mirror 

Depending on the turn-radius, the rear view mirror is adjusted to provide a good view on 
relevant areas of the road (a mirror showing the trailer in a turning manoeuvre does not make 
sense). 

Qualitative Evaluation of the Design 
Advantage Effects on blind spot 
Disadvantage Costs 
Assessment of crash solutions 
Advantage In right turning situations 
Disadvantage  

Advantages / Disadvantages of curve-radius dependent rear view mirror 

 

6.1.5 Optimal driver position 

The idea is based on the Volvo SCC concept car. The longitudinal position of the seat is 
fixed. The steering wheel and the pedals are moved towards the driver. Additionally the seat 
height is adjusted in such way that the driver’s eyes are always on same height independent 
from the driver’s size. The system will provide optimised visibility around the vehicle. 

 
Figure 52: Optimal driver position 
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Qualitative Evaluation of the Design 
Advantage Always good overview for the driver 
Disadvantage  
Assessment of crash solutions 
Advantage - 
Disadvantage - 

Advantages / Disadvantages of Optimal driver position 

 
6.1.6 Pre-impact brake application 

The idea of Pre-impact brake application is for preventing run over and injury reduction. 
Automatically applying the brakes prior to impact could reduce the risk of run over of 
crossing pedestrians as well as reducing the impact speed and hence impact injury severity. 

Qualitative Evaluation of the Design 
Advantage Crashworthiness, Assessment of design possibility 
Disadvantage Assessment of possibility and feasibility of production, Costs 
Assessment of crash solutions 
Advantage Driving collision - inner-urban 
Disadvantage  

Advantages / Disadvantages of pre-impact brake  

 

6.1.7 Brake interlock prevents vehicle moving when pedestrian detected 
Sensors detect pedestrian (or cyclist) and it prevents the vehicle from moving. Possibly the 
systems works by applying the brakes (or preventing them being released) or preventing 
“drive” being selected. 
 
Qualitative Evaluation of the Design 
Advantage Reduces frequency of accidents, feasibility of production  
Disadvantage Costs 
Assessment of crash solutions 
Advantage Moving backwards, inner-urban – starting 
Disadvantage  

Advantages / Disadvantages of Brake interlock 

 
6.1.8 Brake assist / improved (faster) braking 

Ensure that the impact occurs at as low a speed as possible by reducing the time lag in the 
brake system and the human deficiency of not pressing the brake hard enough early enough. 
Brake assist detects when a driver intends an emergency stop even when full braking not 
applied and boosts braking applied automatically. Electronic brakes reduce the reaction time 
of the brake system itself. Such a system only provides benefit in accidents where the driver 
brakes prior to impact. 
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Qualitative Evaluation of the Design 
Advantage Injury mechanism 
Disadvantage  
Assessment of crash solutions 
Advantage inner-urban – driving collision 
Disadvantage  

Advantages / Disadvantages of brake assist / improved braking 

6.1.9 Lane Departure Warning 

This system addresses some high speed pedestrian impacts on motorways. The system will 
alert the HGV driver when the vehicle moves unintentionally into the hard shoulder where 
there may be a pedestrian. It depends on the driver reacting to the alert. 

Qualitative Evaluation of the Design 
Advantage Reduce frequency of accidents 
Disadvantage Costs 
Assessment of crash solutions 
Advantage Driving collision 
Disadvantage  

Advantages / Disadvantages of Lane Departure Warning 

 

6.1.10 Hybrid Active-Passive System 

This system evaluates the possibility of using a hybrid active-passive system, to be mounted 
on the heavy vehicle, which becomes active in case of an accident with a vulnerable road 
user. This system can be made of two components: a kind of radar and a shield. The radar 
detects the vulnerable road user, which is being hit by the heavy vehicle, and activates the 
shield which comes in contact gently with him preventing the road user from being seriously 
hurt in the accident. 

   
Figure 53: Hybrid Active-Passive System 

Qualitative Evaluation of the Design 
Advantage Crashworthiness, injury mechanism 
Disadvantage costs 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of a Hybrid Active-Passive System 
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6.1.11 Middle driving position 
Since HV drivers are mostly alone, the driver seat could be moved to the middle. This will 
lessen the blind spot to the right. 

 
   

Figure 54: Middle Driving Position 

Qualitative Evaluation of the Design 
Advantage better view of the blind spot 
Disadvantage Feasibility of production  
Assessment of crash solutions 
Advantage Reduction of right turning accidents and overtaking manoeuvre 
Disadvantage - 

Advantages / Disadvantages of Middle Driving Position 

 
6.1.12 Slim Driver Cabin 

Moving the driver seat to the middle will extend the blind spot on the left hand side. Hence it 
is suggested to design a slim cabin. In other words: The distance between left and right door 
is reduced. Since the driver is mostly alone, the driver cabin could be slimmer. The sleeper 
cabin still can be spacious. 

 

Figure 55: Slim Driver Cabin 

 
Qualitative Evaluation of the Design 
Advantage Effects on blind spot, light aerodynamic bettering 
Disadvantage Smaller driver cab, no influence on injury mechanism 
Assessment of crash solutions 
Advantage Right turning accident 
Disadvantage Bad overview in moving backwards situations 

Advantages / Disadvantages of a slim Driver Cabin 
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6.1.13 Semi-transparent A-Pillar with crushable outer layer 

Load bearing structures like the A-Pillar, have to withstand the forces induced by truck-truck 
rear end accidents. Beside they have to fulfil other tests (pendulum impact, roof test – 
Sweden test). Hence improving these structures may be more complicated and not so straight 
forward. The approach is to design a stepwise collapsing and absorbing structure, 
guaranteeing to absorb small and localized loads and to withstand high and widespread forces 
(rear end collisions) on the other hand. However, providing an A-pillar withstanding these 
diverse loads will lead to a thick pillar which enlarges the blind spots. 

The idea is based on the Volvo SCC concept car, having a criss-cross framework A-pillar, 
filled with Plexiglas. Additionally the A-pillar will be enveloped by an additional Plexiglas 
layer, providing a crushable outer layer. The criss-cross beam will provide sufficient strength 
for the pendulum test.  

 
Figure 56: Semi-transparent A-Pillar with crushable outer layer 

Qualitative Evaluation of the Design 
Advantage Costs, good design possibility 
Disadvantage Crashworthiness, no reduce of accident frequency 
Assessment of crash solutions 
Advantage Stepwise collapsing and absorbing structure 
Disadvantage  

Advantages / Disadvantages of Semi-transparent A-Pillar with crushable outer layer 

 
6.1.14 Steep Angle of dashboard 

Together with a high eye-position, lower window frame, middle driving position and semi-
transparent A-pillar, the dashboard under steep angle will diminish blind spots, more 
precisely the blind spot in front of the vehicle.  

Qualitative Evaluation of the Design 
Advantage Reduces blind spot effect 
Disadvantage Feasibility of production 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of a steep angle of dashboard 
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6.1.15 Spherical Window Margins 

Spherical window margins will reduce the blind spots. Like a wide-angle lens, the spherical 
window margins enlarge the view. 

 
Figure 57: Spherical Window Margins 

Qualitative Evaluation of the Design 

Advantage 
Effects on blind spot, feasibility of production, reduce accident frequency, 
cheap 

Disadvantage - 
Assessment of crash solutions 
Advantage Right turning, overtaking, manoeuvre 
Disadvantage  

Advantages / Disadvantages of Spherical Window Margins 

6.1.16 Lower window frame 
This system is useful for pedestrians crossing in front of HV. Lowering the window frame 
will reduce the blind spots in front of the cabin. 

 
   

Figure 58: lower window frame 

Quantitative Evaluation of the Design 
Advantage Effects on blind spot, reduce frequency of accidents 
Disadvantage crashworthiness, feasibility, 
Assessment of crash solutions 
Advantage Inner-urban accidents - starting 
Disadvantage  

Advantages / Disadvantages of a lower window frame 
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6.1.17 Improved field of view – All round vision 
This proposal prevents run over. Eliminating blind spots will reduce potential for accidents 
provided that the systems used do not overload the driver and are not ignored by the driver. 
Amended EC field of view directive has introduced requirements for frontal blind spot 
mirrors, extended the requirements for close proximity mirrors at the side of the vehicle and 
increased the requirements for all rear view mirrors. This directive may already have reduced 
or eliminated the need for further measures. 
 
Qualitative Evaluation of the Design 
Advantage Effects on blind spot, reduce frequency of accident 
Disadvantage Assessment of design possibility 
Assessment of crash solutions 
Advantage Right turning, inner-urban –starting, moving backwards 
Disadvantage  

Advantages / Disadvantages of an improved field of view 

6.1.18 Audible warning to external road users as vehicle starts to move 
This idea relies on the pedestrian understanding the warning and being able to move out of 
the way of the HGV. Amended EC field of view directive has introduced requirements for 
frontal blind spot mirrors that may reduce/eliminate the need for this measure.  
 
 
Qualitative Evaluation of the Design 
Advantage Feasibility of production 
Disadvantage Noise pollution 
Assessment of crash solutions 
Advantage Moving backwards, inner-urban - starting 
Disadvantage  

Advantages / Disadvantages of an audible warning to road users as vehicle starts to 
move 

6.1.19 Audible warning to HGV driver as vehicle starts to move, if pedestrian detected 
 
Sensors detect presence of a pedestrian or cyclist in front or behind of the HGV and warns 
driver if he attempts to move. The system warns the driver when VRU is detected in “danger 
area”. The responding to warning relies on the driver. 
 
Qualitative Evaluation of the Design 
Advantage Feasibility of production, Costs, reduce frequency of accidents 
Disadvantage Noise pollution 
Assessment of crash solutions 
Advantage Moving backwards, inner-urban – starting, Right turning accidents 
Disadvantage  

Advantages / Disadvantages of an audible warning to HGV driver  
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6.1.20 Remove sideguard exemptions 

With regard to a HGV overtaking a pedal cyclist, some right turning accidents are relevant. 
As many vehicles as possible should be fitted with sideguards, there should be only a few 
cases where the sideguards are not fitted because it is considered “not practical”. In the UK 
approx 20% of HGV are currently exempt from fitting sideguards and reviews suggest that 
these exemptions are not fully justified. 

Qualitative Evaluation of the Design 
Advantage Prevent run over 
Disadvantage groundclearance 
Assessment of crash solutions 
Advantage Turning accident, overtaking manoeuvre 
Disadvantage  

Advantages / Disadvantages of the sideguard exemptions’ removal 
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6.2 SYSTEMS FOR PASSIVE SAFETY 
 
Deployable Systems 
 
6.2.1 Active Bumper System 

The bumper moves forward, sets the pedestrian into rotation and thus decreases his impact 
speed onto the cab. 

  

 

 
Figure 59: Active Bumper System 

 
Qualitative Evaluation of the Design 
Advantage Injury mechanism, crashworthiness 
Disadvantage costs 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of Active Bumper System 

 
6.2.2 Pre-impact external front airbag 

Sensors detect presence of VRU and deploy an “airbag” out of the front of the HGV to 
absorb impact energy. 

 
Qualitative Evaluation of the Design 
Advantage crashworthiness 
Disadvantage Costs, feasibility of production 
Assessment of crash solutions 
Advantage Inner-urban – driving accidents 
Disadvantage  

Advantages / Disadvantages of external pre-impact external front airbag 
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6.2.3 Sense initial impact and deploy “sideguard” (and apply brakes) 

When initial impact is with the front corner of HGV, the VRU may be run over by the tractor 
unit or rear wheels of the semi-trailer. This system deploys a device that will prevent the 
VRU from being run over by any wheels. It may be an “airbag” that could fill gaps in front of 
axles. (This system applies the brakes, stopping the vehicle before the VRU is run over.) 

 

Qualitative Evaluation of the Design 
Advantage Costs, injury mechanism 
Disadvantage Feasibility of production, assessment of design possibility 
Assessment of crash solutions 
Advantage Turning and overtaking accidents 
Disadvantage  

Advantages / Disadvantages of initial impact sensing and “sideguard”(and apply 
brakes) 

 
6.2.4 Retractable hood with speed dependent strength 

A hood is suspended by a number of pneumatically driven actuators. When the vehicle is 
driving slower than 40 km/h, the hood is driven forward by 80-100 mm. The strength of the 
actuators can be adapted to the vehicle velocity. That means the characteristics of the 
retractable hood can be fitted to the velocity. When driving slowly, the characteristic is soft. 
When driving at higher speeds the hood will be stronger. At speeds higher than 40 km/h the 
hood is retracted, to guarantee small aerodynamic resistance and to guarantee small 
additional costs only already existing systems are used. The strength of the hood is controlled 
by a pressure control valve. Stronger characteristics at lower height will enable to push up the 
pedestrian in the case of a collision. 

 

Figure 60: Retractable hood with speed dependent strength 
 

Qualitative Evaluation of Design 
Advantage Better crashworthiness 
Disadvantage More mass and difficult feasibility of production 
Assessment of crash solutions 
Advantage Reduces the accidents in inner-urban driving situations 
Disadvantage No benefit in backwards moving 

Advantages / Disadvantages of retractable hood with speed dependent strength 
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6.2.5 Adaptive front grille module / bumper module 

This proposal regards the driving inner-urban. Adaptive front grille module / bumper module. 
The external “skin” of the system that is placed in position by pneumatic actuators, tube or 
pyrotechnic pop up nose bumper systems leads to a softer nose of the HV. Important for the 
skin and shape is the right stiffness. 

   Actuators  

External 
“skin”  

 

Figure 61: Adaptive front grille module / bumper module 

 
Qualitative Evaluation of the Design 
Advantage Crashworthiness,  injury mechanism 
Disadvantage Mass increases, feasibility of production 
Assessment of crash solutions 
Advantage Every inner-urban accident, especially for driving accidents 
Disadvantage  

Advantages / Disadvantages of Adaptive front grille module / bumper module 

 
6.2.6 Over Run Protection Device “The Scooper” 

Before the VRU is knocked down by a slowly moving HV a passive safety system is 
activated via a contact or other sensor (e.g. in the bumper). Getting caught by the front wheel 
is prevented by a flexible mat or similar deployed from underneath the chassis front portion. 
The mat is firmly attached to the chassis at its rear and flexibly attached by chains, ropes or 
similar, thus generating a “membrane effect”. Even further rolling of the wheels does not pull 
the mat under the tire, but pushes it away from the tire, thus preventing over-run of VRU. 

 

 
Figure 62: Principal Function of Over Run Protection “The Scooper” 
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Qualitative Evaluation of the Design 
Advantage Injury mechanism 

Disadvantage 

activation must be sensitive towards VRU’s, but robust in everyday HV 
operation 
width of device is insufficient to catch whole person 

Assessment of crash solutions 
Advantage inner-urban – driving collision 
Disadvantage  

Advantages / Disadvantages 

 
Non-Deployable Systems 
 
6.2.7 Streamline shape 
The general front driver cabin geometry may alter to have a streamlined shape that will allow 
easy deflection of pedestrian/cyclist. In addition, by streamlining the driver cab will to some 
extent eliminate the sharp corner impact.  

 
Figure 63: Streamline shape 

Qualitative Evaluation of the Design 
Advantage Injury Mechanism, Mass, Aerodynamic effects 
Disadvantage Costs, comfort 
Assessment of crash solutions 
Advantage Inner urban accidents 
Disadvantage Deflection of VRU into path of other vehicles 

Advantages / Disadvantages of streamline shape 

6.2.8 Closed Wheel House 

The closed wheel house can be used for severity reduction for right turning and overtaking 
cyclists. A homogeneous vehicle side will prevent the vulnerable road user to be grabbed by a 
vehicle passing by. The homogeneous side wall will cover the wheel case. 
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Figure 64: Closed Wheel House 

Qualitative Evaluation of the Design 
Advantage Injury mechanism, aerodynamic effects 
Disadvantage Ground clearance, costs, feasibility 
Assessment of crash solutions 
Advantage Right turning and overtaking manoeuvre 
Disadvantage  

Advantages / Disadvantages of closed wheel house 

 
6.2.9 Side and rear skirt walls 
 

This system works similar to the closed wheel house. Side and rear skirt walls made of 
energy absorbing materials will prevent the vulnerable road user to be grabbed by a vehicle 
passing by and reversing. The side skirt walls will cover the wheel case. The system consists 
of very low side guards, like KRONE Safeliner, that will reduce the risk of run over. 

 
 

 

 
Figure 65: Side and rear skirt walls 
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Qualitative Evaluation of the Design 
Advantage Crashworthiness, Injury mechanism, aerodynamic effects 
Disadvantage Groundclearance, costs, feasibility 
Assessment of crash solutions 
Advantage Right turning, overtaking manoeuvre and moving backwards 
Disadvantage  

Advantages / Disadvantages of side and rear skirt walls 

 
6.2.10 Remove side guard exemptions 

With regard to a HGV overtaking a pedal cyclist, some right turning accidents are relevant. 
As many vehicles as possible should be fitted with side guards, there should be only a few 
cases where the side guards are not fitted because it is considered “not practical”. In the UK 
approx 20% of HGV are currently exempt from fitting side guards and reviews suggest that 
these exemptions are not fully justified. 

 

Qualitative Evaluation of the Design 
Advantage Prevent run over 
Disadvantage Ground clearance 
Assessment of crash solutions 
Advantage Turning accident, overtaking manoeuvre 
Disadvantage  

Advantages / Disadvantages of the side guard exemptions’ removal 

 
 
6.2.11 Raised energy absorbing mirror 
The mirror frame geometry may be changed to modern ones that have energy absorbing 
covers. Their location may be raised to eliminate contact with pedestrian/cyclist’s head. 
 
 
 
 
 

 
Figure 66: Raised, energy absorbing mirror 
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Qualitative Evaluation of the Design 
Advantage Injury mechanism, cheap, feasibility of production 
Disadvantage Aerodynamic effects, mass 
Assessment of crash solutions 
Advantage Inner urban accident 
Disadvantage  

Advantages / Disadvantages of raised, energy absorbing mirror 

6.2.12 Low and tall front bumper 
Impact load spread over the whole leg, reduces rotation of the pedestrian to the ground. The 
dimension shown is ideal and relates to the height of the ankle of a UK 50th percentile male 
(DTI, 1998). In reality a ground clearance of 250 mm is more achievable, although may not 
be taken up as part of a regulation. 
 

  

 

75  
Figure 67: Low and tall front bumper 

Qualitative Evaluation of the Design 
Advantage Injury reduction of crossing pedestrians 
Disadvantage Ground clearance, aerodynamic effects 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of a low and tall front bumper 

6.2.13 Nose Cone 

Increases chance of shoe friction with ground being overcome preventing the pedestrian from 
being run over. Also provides room for energy absorbing structure. Dimensions shown are 
ideal and relate to the height of the ankle and knee of a UK 50th percentile male (DTI, 1998) 

 

   

 

75  
Figure 68: Nose Cone 



APROSYS Project Strategies for enhanced pedestrian and cyclist friendly design 
 AP-SP21-0062 
 

AP-SP21-0062 76/126 

 
Qualitative Evaluation of the Design 
Advantage crashworthiness 
Disadvantage Mass, ground clearance, vehicle length 
Assessment of crash solutions 
Advantage Inner-urban accidents  
Disadvantage  

Advantages / Disadvantages of a Nose Cone 

 
6.2.14 Stiffness reduced front and side structure 
This system leads to a reduction in stiffness of key components in the front and side 
structures. The bumper for example may be made of energy absorbing materials rather than 
current rigid composite structure. 
 

 
Figure 69: Stiffness reduced front and side structure 

Qualitative Evaluation of the Design 
Advantage Injury mechanism, feasibility of production 
Disadvantage costs 
Assessment of crash solutions 
Advantage - 
Disadvantage - 

Advantages / Disadvantages of stiffness reduced front and side structure 

 
6.2.15 Crushable front structure 

Providing 60-70 mm of controlled crush should allow protection up to 40 km/h. 

 
Qualitative Evaluation of the Design 
Advantage Crashworthiness 
Disadvantage Assessment of possibility 
Assessment of crash solutions 
Advantage Turning accidents, overtaking manoeuvre, driving collision 
Disadvantage  

Advantages / Disadvantages of an crushable front structure 
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6.2.16 Vehicle packaging 

The re-arrangement of vehicle components to move “hard” structures away from the front of 
the vehicle where pedestrians may impact will increase the space for energy absorbing front 
underrun protection. 

Qualitative Evaluation of the Design 
Advantage crashworthiness 
Disadvantage Feasibility of production 
Assessment of crash solutions 
Advantage Inner-urban – driving collision 
Disadvantage  

Advantages / Disadvantages of a different vehicle packaging 

 
 
6.2.17 Improved external surface for passive safety 
This system uses sandwich structures to build the fronts part of the Heavy Vehicle which 
come in contact with the vulnerable road user during the accident. Different structures made 
of components with different stiffness and mechanical behaviour should be considered. The 
aim is building a structure which can successfully reduce the injury for the vulnerable road 
user in case of a low-speed impact. Such an activity can be carried out through the following 
steps: 
 
 

a. Literature research. Some data can be available from the previous tasks 
b. Definition of the sandwich structures in terms of materials and geometry 
c. Definition of a simple procedure, numerical and/or experimental, to evaluate 

the performance of the structure in reducing the injury risk for passengers 
d. Evaluation of the performance of the defined sandwich structures. 
 

 

 
Figure 70: Improved external surface for passive safety 
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Qualitative Evaluation of the Design 
Advantage Crashworthiness, injury mechanism 
Disadvantage costs 
Assessment of crash solutions 
Advantage Inner-urban accidents, turning accidents 
Disadvantage  

Advantages / Disadvantages of an improved external surface for passive safety 

6.2.18 Passive optimization and redesign of critical parts 
 

  

 

 
Figure 71: Passive optimization and redesign of critical parts 

 
Qualitative Evaluation of the Design 
Advantage Crashworthiness, Assessment of design possibility 
Disadvantage Costs, Aerodynamic effects 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of passive optimization and redesign of critical parts 
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6.3 ADD-ON SYSTEMS 
 
6.3.1 Add-on soft module 
This is for severity reduction of crossing pedestrians in front of HV. Add on soft module with 
proper stiffness and shapes, having the openings and ducts to maintain other vital functions 
(head lamps, grille, etc.). This is a purely passive solution. 
 

                               
Figure 72: add on soft module 

 
Qualitative Evaluation of the Design 
Advantage Assessment of design possibility, crashworthiness 
Disadvantage Costs 
Assessment of crash solutions 
Advantage Inner-urban accidents - starting 
Disadvantage  

Advantages / Disadvantages of add-on soft module 

 
6.3.2 Add-on pneumatic net of multi chambered tube 
This is for severity reduction of crossing pedestrians in front of HV. Pneumatic net of multi 
chambered tube with intelligent valves /straps/vent-holes able to spread the impact. Add on 
solution purely passive or adaptive solution (inflated only in city), can deploy with anti-
underrun extremities. 
 

   Anti-underrun estremities   

Figure 73: Add-on pneumatic net of multi chambered tube 

 80 – 100 mm 
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Qualitative Evaluation of the Design 
Advantage Very good for crashworthiness 
Disadvantage Feasibility of production, mass increases 
Assessment of crash solutions 
Advantage Inner-urban accidents – driving collisions 
Disadvantage  

Advantages / Disadvantages of add-on pneumatic net of multi cambered tube 

 
6.3.3 Wiper cover 
 
This Add-on part will cover the wipers so that they do not come in contact with an adult 
pedestrian/cyclist head at impact. The other option is to place them at the top near the front 
roof rail. 

 
Figure 74: Add-on wiper cover 

Qualitative Evaluation of the Design 
Advantage Injury mechanism, dynamic effects 
Disadvantage Reduction of the view in lower area 
Assessment of crash solutions 
Advantage Inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of add-on wiper covers 

 
6.3.4 Add-on structures to the external surface of the heavy vehicle 
This system uses add-on sandwich structures to be put on the external surfaces of the Heavy 
Vehicle which come in contact with the vulnerable road user during the accident. A system to 
attach these additional structures to the HV surfaces should be evaluated. With the aim of 
obtaining a structure which can successfully reduce the injury for the vulnerable road user in 
case of a low-speed impact, different structures, made of components with different stiffness 
and mechanical behaviour, should be evaluated. 
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Qualitative Evaluation of the Design 
Advantage Crashworthiness, injury mechanism 
Disadvantage Costs 
Assessment of crash solutions 
Advantage Turning , inner-urban accidents 
Disadvantage  

Advantages / Disadvantages of add-on structures to the external surface of the heavy vehicle 

6.4 ASSESSMENT OF DESIGN POSSIBILITIES  
 

In the previous three subchapters a variety of design possibilities for improvement of the 
pedestrian friendliness of heavy vehicles is presented. A pre-selection and a preliminary 
assessment is performed on the design concepts, in order to reduce the number of considered 
concepts within further tasks of APROSYS work-package 2.1 and to achieve a preliminary 
ranking of the pre-selected concepts. Before performing the assessment, the collected design 
possibilities have to be clustered, since there is too much similarity among some of the 
possibilities to perform a rough evaluation. 
 
6.4.1 Pre-Selection and Clustering 
 
The following tasks, dealing with the development of a demonstrator of a safety system for 
heavy vehicles, within APROSYS work package 2.1 focus on systems of passive safety like 
pure passive, deployable or add-on systems, which are representable by means of numerical 
simulation. In fact the demonstrator is planned to be a system of passive safety. 
 
The major aim of the assessment of the design possibilities at this point of time is to reduce 
the number of design possibilities and select promising ideas for detailed investigation within 
APROSYS 2.1. On this background the systems of passive safety can be pre-selected from 
the broad variety of collected design possibilities, since the further tasks of safety system 
development within APROSYS will deal with these type of systems. In order to limit the time 
effort for the assessment, active systems, which can only be assessed by complex driving 
simulator experiments are not further considered. It shall be underlined, that the active 
systems are excluded from the assessment only due to the further planned actions within 
APROSYS, not because of the quality of their contribution to the safety of a heavy vehicle. 
 
By clustering similar solutions a further reduction of the number of design possibilities is 
achieved. The clustering is also required, since it is not possible to assess and differentiate 
solutions with marginal differences by a rough evaluation. Due to limited information on the 
properties of the design possibilities only a rough evaluation can be performed at this point of 
time. 
 
The pre-selected and clustered design possibilities are shown in Figure 75, Figure 76 and 
Figure 77. For detailed information about the particular design possibilities please refer to the 
corresponding sections of subchapter 4.1, 4.2 and 4.3. 
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No. Name Principal Scratches 

1 Retractable hood with 
speed dependent strength 

 

2 Adaptive front grille 
module / bumper module 

 

3 Sense initial impact and 
deploy “side guard” 

 

4 Pre-impact external front 
airbag 

 

5 Active Bumper System  

6 Optimised shape for 
deflection and contact 
forces  
(e.g. Streamline shape) 

 

Figure 75: Clustered Design Possibilities I 

   Actuators  

External 
“skin”  
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No. Name Principal Scratches 

7 Closed Wheel House  

8 Side and rear skirt walls  

9 Raised energy absorbing 
mirror 

 

10 Low and tall front bumper  

11 Nose Cone  

12 Stiffness reduced front and 
side structure 
(also add-on solution) 

 

13 Move hard components 
back (modified vehicle 
packaging) 

 

Figure 76: Clustered Design Possibilities II 

 

  

 

75 

  

 

75 

 

   80 – 100 mm 
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No. Name Principal Scratches 

14 Redesign of critical parts  

15 Cover critical parts  

16 Pneumatic net of multi 
cambered tube  
(also add-on solution) 

 

Figure 77: Clustered Design Possibilities III 

 
Some of the clustered design possibilities of Figure 75, Figure 76 and Figure 77 are still alike. 
In these cases an independent analysis of the individual solutions is regarded to be 
worthwhile, since different influences on the pedestrian friendliness are expected. 
 
6.4.2 Evaluation System 
 
After pre-selection and clustering the remaining design possibilities have to be assessed and 
ranked. For assessment of designs several evaluation methods exist depending on the 
available information about the designs. In advanced design phases possible solutions can be 
assessed by quantitative characteristics of specified assessment criteria. In this case a 
quantitative characteristic is directly linked to an evaluation value. By this the subjective 
influence of the person performing the assessment is minimized. 
 
In the early design phase, as in the case of the concerned design possibilities for heavy 
vehicle pedestrian friendliness, little quantitative information about the characteristics is 
available. This mainly has two consequences on the way of evaluation. First, the breakdown 
of the evaluation value for a particular criterion has to be coarser. One is speaking of a rough 
evaluation. Second, the assessment of the criteria has to be done by estimation based on 
experience. As a result the evaluation becomes subjective. In order to limit the subjective 
influence a large number of persons should be involved in a rough evaluation. In the case of 
the design possibilities for heavy vehicle pedestrian safety this is done by sending out an 
evaluation template to all work package 2.1 members. 
 
 

  

 

   Anti-underrun estremities  
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Within the template the design possibilities have to be assessed by the following criteria: 
 

·  Costs 
·  Complexity 
·  Conflicts with legal requirements 
·  Required changes on heavy vehicle for installation 
·  Package (required space) 
·  Weight 
·  Reliability 
·  Effects on aerodynamics 
·  Influence on other crash scenarios 

 
Due to the type of considered criteria the evaluation focuses on an examination form a 
design-engineering point of view. The extent of the positive effect of the different design 
possibilities on the pedestrian friendliness of the heavy vehicle is not considered for the 
assessment at this point of time, since this will be analysed by the simulations of task 2.1.3. 
In addition an analysis the benefit potential of the individual, pre-selected concepts with 
respect to different accident scenarios will be performed in task 2.1.3. Consequently the 
assessment and ranking at this point of time has to be regarded as a preliminary one. For a 
final evaluation the ranking has to be superposed with the results to be achieved in task 2.1.3. 
 
In order to establish a coarse breakdown of the evaluation values the design possibilities are 
assessed by their influence on the particular criterion as a tendency in three levels. Designs, 
that are, in comparison to the other assessed designs, positive regarding a particular criterion, 
are marked with a “+”, which means an evaluation value of 1. The other two levels are “0”, 
which mean neutral or insecure influence (evaluation value 0.5), and “-“, which means 
negative influence (evaluation value 0). Evaluation is always performed with respect to the 
desired influence on the criterion. For example higher mass of the added components, in 
comparison to the other designs, is negative (-), but higher reliability is positive (+). The used 
evaluation template in shown in Figure 78. 
 

 
Figure 78: Evaluation Template 
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Since the breakdown of the evaluation value is coarse, weighting factors are established for 
each criterion, in order to represent the importance of the criteria for the total value of the 
design. The defined weighting factors can be found in Figure 78. Concerning the weighting 
of the costs a rather low factor is chosen, because cost aspects are indirectly implied in other 
criteria, as “complexity” and “required changes on heavy vehicle”. 
 
6.4.3 Ranking and Determination of possible Design Concepts 
 
The ranking of the design possibilities and the selection of promising design concepts is done 
based on the results of the evaluation templates, filled out by the partners. An example of a 
filled out template is shown in Figure 79. 
 
 

 
Figure 79: Example of a filled out Evaluation Template (TUG) 

 
For all of the work package 2.1 members, of which a complete evaluation template is 
available, the assessment results are compiled in Figure 80. The rough evaluation in total 
consists in the average evaluation value of the members for the particular designs. According 
to the breakdown of the values for the single criteria the highest total value represents the 
design, which is considered best under the given evaluation constraints. 
 
When regarding the evaluation results in Figure 80 a separation between pure passive 
systems, which are marked in green, and deployable systems concerning the evaluation result 
can be observed. The pure passive systems explicitly show better results than the deployable 
systems. The reason for this is the more simple feasibility and the strong reliability of these 
systems. This result represents the real world experience with passenger cars, where 
pedestrian safety regimentation mainly are fulfilled by use of passive systems. In contrast to 
the difference in evaluation results between the two groups of systems the weighting factors 
do not show significant influence on the average results of the particular concepts. 
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TUG Bolton IDIADA Polito ika Average No. 

weighted weighted weighted weighted weighted weighted not weighted 

1 0.3500 0.1000 0.8875 0.1875 0.4125 0.3875 0.40000000 

2 0.4750 0.7125 1.0000 0.4750 0.4000 0.6125 0.62222222 

3 0.4250 0.6000 0.7125 0.1875 0.2875 0.4425 0.44444444 

4 0.4875 0.9000 0.4750 0.1875 0.3875 0.4875 0.47777778 

5 0.6125 0.8750 0.4500 0.1875 0.4000 0.5050 0.50000000 

6 0.3500 0.6875 0.7000 0.8750 0.7500 0.6725 0.68888889 

7 0.6625 0.5875 0.7625 0.4625 0.6750 0.6300 0.67777778 

8 0.7750 0.8625 0.5125 0.4625 0.6250 0.6475 0.65555556 

9 0.8625 0.9250 0.9250 0.8500 0.8000 0.8725 0.81111111 

10 0.7750 0.8625 0.6375 0.4125 0.8750 0.7125 0.73333333 

11 0.7625 0.5125 0.4750 0.4375 0.6375 0.5650 0.61111111 

12 0.6875 0.3250 0.2125 0.8750 0.6750 0.5550 0.54444444 

13 0.3750 0.9250 0.4875 0.3875 0.5500 0.5450 0.54444444 

14 0.7750 0.7000 0.4375 0.8750 0.8000 0.7175 0.70000000 

15 0.7750 0.7000 0.3375 0.8500 0.6625 0.6650 0.64444444 

16 0.5375 0.2125 0.1875 0.2375 0.4000 0.3150 0.30000000 

Figure 80: Compiled Results of Rough Evaluation 

 
When regarding the evaluation results, this has to be done on the background of the missing 
consideration of the extent of effect that the particular system has on the pedestrian 
friendliness of a heavy vehicle. This is true for the comparison of passive systems to 
deployable systems, as well as comparison within the two system groups. 
 
Since the extent of pedestrian friendliness in not considered, some design possibilities may 
appear better than they are. For example the energy absorbing mirror, which performs best in 
the total evaluation will only affect few accident scenarios of small heavy vehicles. 
 
Due to the reasons mentioned above the ranking of the design possibilities is performed 
separately for pure passive and deployable systems. This is shown in Figure 81. The results 
are plausible on the background of the available information at this point of time. A more 
global and detailed assessment of the design concepts can be performed after the further 
analyses and simulations of work package 2.1.3. Therefore it is recommended to include as 
many design concepts in the further investigation as possible. Within the accident analyses of 
work package 2.1.3 it should also be determined, if modification of components, that are 
located in high areas of the heavy vehicle, is promising concerning reduction of accident 
victims. 
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 Rank Value Design Possibility 

1 0.6125 Adaptive front grille module / bumper module 

2 0.5050 Active Bumper System 

3 0.4875 Pre-impact external front airbag 

4 0.4425 Sense initial impact and deploy “sideguard 

5 0.3875 Retractable hood with speed dependent strength 

D
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e 
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6 0.3150 Pneumatic net of multi cambered tube (also add-on solution) 

1 0.8725 Raised energy absorbing mirror 

2 0.7175 Redesign of critical parts 

3 0.7125 Low and tall front bumper 

4 0.6725 Optimised shape for deflection and contact forces (Streamline) 

5 0.6650 Cover critical parts 

6 0.6475 Side and rear skirt walls 

7 0.6300 Closed Wheel House 

8 0.5650 Nose Cone 

9 0.5550 Stiffness reduced front and side structure (also add-on solution) 

P
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10 0.5450 Move hard components aback (modified vehicle packaging) 

Figure 81: Ranking of Design Possibilities 
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7 Conclusions 

In this report design possibilities regarding injury protection systems for pedestrians and 
cyclists on commercial vehicles were introduced and evaluated.  
 
Existing Directives and Standards were reviewed and partly served as a basis for further 
ideas:  
 

·  Directive 92/114/EEC and UN/ECE Regulation 61 
·  Directive 2000/40/EC 
·  UN/ECE Regulation 73 
·  Other national regulations 

 
In Directive 92/114/EEC it is decided that the cabs of vehicles do not exhibit sharp external 
projections to reduce the risk or the severity of injuries sustained by a person coming into 
contact with the external surface of the vehicle in the event of an accident. The aim of 
Directive 2000/40/EC is to harmonise rules relating to the type-approval of devices for the 
front underrun protection of motor vehicles. Vehicles covered by Regulation 73 shall be 
constructed in a way to offer effective protection to unprotected road users against the risk of 
falling under the sides of the vehicle and being caught under the wheels. 
 
The existing pedestrian/cyclist injury protection systems on HV have been organized in two 
main parts heavy vehicle related advanced vulnerable road-user protection systems and 
passenger car related protection systems.  
 
Design concepts (as mid and long term approach) as well as add-on solutions for existing 
heavy vehicles (as short term approach) were collected and advanced. 
 
Concerning the evaluation results a separation between pure passive systems and deployable 
systems becomes obvious. The pure passive systems feature a better ranking than the 
deployable systems. Simpler feasibility and reliability of these systems are decisive factors. 
This result represents the real world experience with passenger cars, where pedestrian safety 
regulations mainly are met by use of passive systems.  
 
The results derived from the research of existing heavy vehicle related pedestrian/cyclist 
safety solutions show that the current developments mainly focus on systems related to the 
active safety. Additional solutions related to the passive safety are more or less not yet 
regarded. Possible concepts are proposed and preliminarily assessed. 
 
In a first step the stiffness of key components in front- and side structures shall be reduced. 
The bumper for example may be consisting of energy absorbing materials rather than current 
rigid composite structures. The wipers should be covered in a way that they do not come in 
contact with an adult pedestrian/cyclist head in the case of an impact. Another option is to 
place the wipers at the cabin top near the front roof rail. The ground clearance by increased 
bumper size should be reduced in order to minimise underrun situations during 
pedestrian/cyclist interactions. The mirror frame geometry may be changed to a modern one 
that features energy absorbing covers. Their location may be raised to eliminate contact with 
pedestrian/cyclist’s head. 
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In a next step the general front driver cabin geometry may alter to have a streamlined shape 
which will allow easy deflection of pedestrian/cyclist. This will minimise underrun and 
reduce the severity of injuries. In addition streamlining the driver cab will to some extent 
eliminate the sharp corner impact. Furthermore a shape optimisation of the front structure 
components with respect to impact behaviour, as it is known form the hood and the fender of 
passenger vehicles, offers additional potential for reduction of structural aggressively. 
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10 Annex 

10.1.1 Heavy vehicle related literature and patent review list 
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10.1.2 Passenger car related literature and patent review list 
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10.1.3 Assessment matrix of existing systems and patents 
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