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EXECUTIVE SUMMARY

Introduction
The road environment, road users and the make-up of the vehicle fleet are changing in the
European Union. Current societal trends, such as an increase in the number of pedestrians
and cyclists driven by environmental or green policies, an increase in the proportion of
SUVs in the vehicle fleet and an ageing society are all factors that will directly affect
tomorrow’s road safety problem.

In the last 10 years the European Union has seen significant reductions in the number of
people killed in road traffic accidents, but the number of Vulnerable Road Users (VRU) has
become an increasingly important proportion of the total casualty figures, in part due to the
successes associated with preventing car user injury.

The objective of this study is to provide the Members of the Committee on Transport and
Tourism of the European Parliament with an in-depth analysis of necessary technological
changes, in order to improve the impact of higher or lower weight and volume of cars on
road safety, particularly for, but not limited to vulnerable users.

Findings
The study considered whether SUVs and MPVs are more aggressive than smaller passenger
cars in collisions with VRUs and whether there are disadvantages to being in a small (light)
car in an accident with a bigger (heavier) car, e.g. a SUV.

No real world accident data evidence was found showing that modern European SUVs or
MPVs are more aggressive towards VRUs than smaller passenger cars. This is in stark
contrast with international findings, which show a higher VRU injury risk for these vehicles.
This might be explained by more pedestrian-friendly vehicle design, based on European
regulatory requirements, or more likely simply by an insufficient European evidence base
and research to be able to identify this trend. It should be noted that the kinematics are
different for pedestrians struck by SUVs compared to passenger cars because of the higher
bonnet leading edge. This causes a more severe impact to the pedestrian’s femur and
pelvis area with less upper body and head rotation leading to different injury patterns, in
which some injuries can be more severe.

Further pan-European research is therefore warranted to address the question whether it is
necessary to improve the pedestrian protection legislation for larger vehicles, or indeed all
passenger vehicles.

As regards the question of whether there are disadvantages to being in a small (light) car
in an accident with a bigger (heavier) car, e.g. a SUV, the study concluded that the risk of
injury is typically greater in the smaller car if all other things are equal. However, all other
things are rarely equal and vehicle design is an important factor, for example how well stiff
structures in the two vehicles are aligned (structural interaction) and the presence of safety
equipment and interior padding. UK accident data showed that, for all accident types, the
injury rate for occupants in smaller cars was higher than that in SUV and MPV type
vehicles. In contrast, US accident data showed that a person has no greater fatality risk
driving an average car compared to a much heavier truck based SUV. This discrepancy



Policy Department B: Structural and Cohesion Policies
____________________________________________________________________________________________

10

between the regions is likely to be associated with different collision typologies and fleet
characteristics, with proportionally many more SUVs, MPVs and pick-up vehicles in the US.

The study discusses potential measures to address these issues and the effect of an aging
population. Not all possible measures were considered, because the focus was on those
that are technically feasible, likely to be affordable and that will give greatest benefit with
respect to a regulatory cost benefit study. For example, there are two fundamental
approaches to resolving the problem that you will be at a disadvantage if you are in a small
(light) vehicle, which collides with a bigger (heavier) vehicle, e.g. an SUV, assuming all
other things are equal. The first is to make the vehicle sizes and weights more even and
the second is to improve protection, in particular for the occupants of the small (light)
vehicle.  In this study the emphasis was placed on the second approach because the
authors believe that this is the most realistic and therefore offers a greater chance of
success, because it can help address other issues as well, such as the lower bio-mechanical
tolerance of older people who are becoming a larger proportion of the population.

Recommendations

Improved accident data collection

First and fore most it is essential that the best road casualty data practicable is collected in
a harmonised way across Europe. Currently, it is not possible to fully answer the questions
raised in this review, because of the lack of real world evidence. A pan European accident
investigation programme, similar to the NASS-CDS work in the US, would afford the
European Parliament and the citizens of the Union a clear and quantifiable measure of
current problems. Perhaps, more importantly such data would inform the development of
applicable and cost effective policies, technologies and solutions to prevent future loss of
life and injury on our roads.  To maximise the potential, such in-depth accident sampling
data should be made freely available to help democratise safety and remove commercial
barriers to saving lives.

Measures to improve safety of VRUs

 Fitment of Advanced Driver Assistance Systems (ADAS), which help the driver with
the driving process, should be considered, in particular: Pedestrian and cyclist
capable Autonomous Emergency Braking systems (AEB); Intelligent Speed
Assistance systems (ISA); Lane Keeping Assist (LKA); Reversing cameras.

 Improvement to crashworthiness of the vehicle structure should be considered, in
particular: Improved A-pillar and windscreen frame protection; Improved bonnet
leading edge design for upper leg, pelvis and thorax protection.

Measures to improve safety of vehicle occupants

 Fitment of the following should be considered:

o Adaptive restraint systems for frontal impacts.

o Curtain airbags for side impacts.

o More stringent crash test legislation for car-like heavy on-road quadricycles.

Also measures to improve crash compatibility should be considered further, in particular
those to improve structural interaction of SUVs in frontal impacts.
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1. INTRODUCTION
In its resolution on European road safety 2011-2020 (P7-TA(2011)0408), the European
Parliament (EP) called for continued emphasis to be placed on reducing the seriousness of
collisions with vulnerable road users (such as motorcyclists, pedestrians, road maintenance
workers, cyclists, children, the elderly and people with disabilities). In particular the EP has
raised awareness of the dangers to the safety of pedestrians and cyclists, who together
account for 50 % of all urban road fatalities and a large share of serious injuries.

Likely societal trends, such as an increase in the number of pedestrians and cyclists driven
by green policies, an increase in the proportion of SUVs in the vehicle fleet and an ageing
society are expected to exacerbate this problem. This is one of the reasons why the EP has
requested the Commission to propose a revision of the EU legislation on the technical
requirements for frontal protection system of motor vehicles in order to improve the
protection of pedestrians and other vulnerable road users in the event of a collision.

To provide additional independent information, the objective of this study is to provide the
Members of the Committee on Transport and Tourism of the European Parliament with an
in-depth analysis of necessary technological changes, in order to improve the impact of
higher or lower weight and volume of cars on road safety, particularly for, but not limited to
vulnerable users.
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2. BACKGROUND

2.1. Societal Trends
This section presents evidence for the likely future societal trends mentioned in the
‘Introduction’ section namely:

 Population is going to age

 Increase in number of pedestrians and cyclists, therefore greater interaction of road
traffic and VRUs

 Size/weight diversity in vehicle fleet is going to increase: more SUVs and smaller
city cars

Ageing population

Eurostat population statistics show that population ageing is a long-term trend, which
began several decades ago in Europe (Eurostat, 2015). This ageing is visible in the
development of the age structure of the population and is reflected in an increasing share
of older persons coupled with a declining share of working-age persons in the total
population.

During the period from 2014 to 2080 the share of the population of working age is
expected to decline steadily through until 2050 before stabilising somewhat, while older
persons will likely account for an increasing share of the total population: those aged 65
years or over will account for 28.7 % of the EU-28’s population by 2080, compared with
18.5 % in 2014. As a result of the population movement between age groups, the EU-28’s
old-age dependency ratio is projected to almost double from 28.1 % in 2014 to 51.0 % by
2080. The total age dependency ratio is projected to rise from 51.8 % in 2014 to 77.9 %
by 2080.

Increase in number of pedestrians and cyclists

No evidence could be found that there will likely be an increase in the number of
pedestrians and cyclists. However, there is a ‘common sense’ expectation that it will occur
as a result of implementation of ‘green’ policies which should encourage it, at least as a
constituent part of a journey by public transport.

More SUVs and smaller city cars

SUVs are becoming increasingly popular in Europe: Their share among new passenger cars
sold reached 21% in 2013 and 2014 mainly due a reduction in the share of upper medium
(D) segment cars. This compares to 6.5% in 2004 and 8.5% in 2009. MPVs made up 13%
of new car sales in the 2014 (ACEA, 2015). These ACEA data also show that small and
medium segment cars (A, B and C segments) still make up over half of the total EU car
market.

2.2. Summary of current type-approval requirements
The current type-approval legislation in force in the European Union (EU) for cars related to
impacts with pedestrians and other vehicles is described in the sections below. It should be
noted that for pedestrians the legislation controlling forward visibility and impact protection
are both described because good forward visibility can help avoid the accident.
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2.2.1. Pedestrian protection

Pedestrian protection is achieved by designing the front of a vehicle so that pedestrians and
other vulnerable road users are less likely to be injured if they are hit. European and
international legislation has been introduced to ensure that all cars offer a minimum level of
protection.

In general, vehicle front ends are designed to protect pedestrians by ensuring an adequate
crush depth between the outer surface of the vehicle and hard objects underneath (such as
engine parts), and also by ensuring that the stiffness of the vehicle's front end structure is
low enough so that in an impact it absorbs as much energy as possible without causing
injury.

Four test procedures are used in the EU legislation to ensure that a vehicle meets minimum
requirements. The test procedures are:

Figure 1: The four test procedures used in EU legislation to assess a car’s
pedestrian protection

Sorce: Author

 Legform to bumper

This test is designed to replicate the initial contact between a pedestrian and a car.
Most bumpers will hit a pedestrian below the knee. This can result in injuries to the
bones below the knee (the tibia and the fibula). This test aims to reduce the
incidence of these injuries by encouraging car designs with bumpers that deform
and efficiently control the energy absorption on contact. The test also helps to
prevent injuries to the knee, which can frequently result in long term disability. It
should be noted that for vehicles with high bumpers, such as some SUVs, the upper
legform is used to assess the vehicle because this legform better represents the
upper leg.

 Upper legform to bonnet leading edge

This test replicates the top of the leg contacting the leading edge of the bonnet. It
also offers protection for an adult pedestrian's hip and also to the upper body or
head of younger children. Note that currently this test is not mandatory and is only
performed to provide data for monitoring purposes.

 Child and Adult headform to front structure (bonnet)
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Child and adult headform to front structure (bonnet) tests are performed so that car
designs will offer protection for both adult and child heads. The bonnet is a part of a
car likely to cause a head injury to a pedestrian in an impact.

The current type approval legislation in force in the European Union (EU) for pedestrian
protection is Regulation (EC) No. 78/2009 which sets out the minimum pedestrian
protection requirements for M1 vehicles (cars) in the form of impact tests and minimum
performance criteria. Regulation (EC) No. 631/2009 provides detailed test procedures for
each test which must be carried out to gain approval to Regulation 78/2009. Depending on
the date of approval and the vehicle mass, vehicles must gain a ‘Type A’ or a ‘Type B’
approval which correspond to the stages of development of the Regulation. A ‘Type B’
approval was introduced later to the EU requirements as an update or second phase to
approval and contains more stringent minimum performance criteria than the ‘Type A’
approval.  Both types are described because the change in requirements happens in the
near future, although currently only Type A approval is required. In all cases, the
supplementary fitment of a Braking-Assist System (BAS) is mandatory as part of the EU
requirements.

All new M1 vehicle types (cars) must gain ‘Type A’ approval:

 From February 2013 for vehicles that weigh less than 2.5 tonnes

 From February 2015 for vehicles that weigh more than 2.5 tonnes

All new M1 vehicles (cars) must gain ‘Type B’ approval:

 From February 2018 for vehicles that weigh less than 2.5 tonnes

 From August 2019 for vehicles that weigh more than 2.5 tonnes

Other pedestrian protection regulations applicable to type approval of vehicles in the EU
also exist.

From an international perspective, UN Regulation No. 127 (00 Series) on uniform provisions
concerning the approval of motor vehicles with regard to their pedestrian safety
performance and Global Technical Regulation No. 9 on pedestrian protection, has similar
approval requirements to Regulation (EC) No. 78/2009 (Table 1). The test configurations
and corresponding performance requirements within (EC) No. 78/2009, UN Regulation No.
127 and UN GTR No. 9 are identical. The only differences are the upper legform to bonnet
leading edge and the adult headform to windscreen tests required within (EC) No. 78/2009
which are not required in UN Regulation 127 or GTR No. 9. However, these tests are carried
out for monitoring purposes only and do not contribute to the minimum safety level
required of the vehicle. It should be noted that Regulation (EC) No. 78/2009 also contains
requirements for the pedestrian protection that a vehicle be equipped with a Brake Assist
System (BAS), which is not required by UN Regulation No. 127 or GTR No. 9. BAS ensures
that if a driver suddenly applies the brakes in an emergency situation, optimum braking
performance is achieved. However, fitment of BAS is mandatory in the context of EU type-
approval and in some other world regions, because it is required by UN Regulation 13H for
braking of vehicles of categories of M1 (cars) and N1.

In the EU cars can be type approved to either Regulation (EC) No. 78/2009 or UN
Regulation No. 127 (00 series), which was transposed into EU legislation by Regulation
(EU) No 459/2011. UN Regulation 127 represents a transposition of GTR No. 9 into
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UN(ECE) Regulation. GTRs are often transposed into UN(ECE) Regulation as part of the
process to implement them worldwide.

Table 1: Comparison of performance for current type approval tests within
Regulation (EC) No. 78/2009, UN Regulation No. 127 and GTR No. 9
(prior to the first series of amendments of UN Regulation No. 127and
prior to phase 2 of GTR No. 9)

Type-approval
Requirements

(EC) No.
78/2009 Type
“A” Approval

(EC) No.
78/2009 Type
“B” Approval

UN Regulation
No. 127 and
GTR No. 9

Legform to bumper test
Note: This can be either a lower legform to bumper test or an upper bumper to
legform test depending on the height of the bumper. All test procedures and
impactors are identical.

Maximum knee bending
angle

21º 19º 19º

Maximum dynamic knee
shearing

6.0 mm 6.0 mm 6.0 mm

Acceleration measured at
upper end of the tibia

200 g 170 g 170 g

Upper legform to bumper test

Instantaneous sum of
impact forces with respect
to time

7.5 kN 7.5 kN 7.5 kN

Bending moment of test
impactor

510 Nm 510 Nm 510 Nm

Upper legform to bonnet leading edge
Note: This is carried out for monitoring purposes only

Instantaneous sum of
impact forces with respect
to time

5 kN 5 kN Not included

Bending moment of test
impactor

300 Nm 300 Nm Not included

Child headform to front structure test

HIC/HPC Shall not exceed:
 1000 over 2/3

of the bonnet
test area

 2000 for the
remaining 1/3

Shall not exceed:
 1000 over 1/2

of the child
headform test
area

 1000 over 2/3

Shall not
exceed:
 1,000 over

half of the
child
headform
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Type-approval
Requirements

(EC) No.
78/2009 Type
“A” Approval

(EC) No.
78/2009 Type
“B” Approval

UN Regulation
No. 127 and
GTR No. 9

of the test area of the
combined child
and adult
headform test
areas.

 1700 for the
remaining
areas.

test area
 1,000 over

two thirds
of the
combined
child and
adult
headform
test areas.

 1700 for the
remaining
areas.

 1,000 over
two thirds
of the test
area. In
cases where
there is only
a child
headform
test area
and 1700
for the
remaining
areas.

Adult headform to front structure test

HIC/HPC No test.

(Adult headform is
projected into the
windscreen rather
than the bonnet
structure. Values
recorded for
monitoring
purposes only).

Shall not exceed:
1000 over 1/2 of
the child headform
test area

1000 over 2/3 of
the combined child
and adult
headform test
areas.

1700 for the
remaining areas.

Shall not
exceed:
1,000 over a
minimum of
one half of the
child headform
test area
1,000 over two
thirds of the
combined child
and adult
headform test
areas.
1700 for the
remaining
areas.

Source: Author
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Recently, on 22nd January 2015, the 01 series of amendments to UN Regulation 127,
which effectively transpose Amendment 1 to GTR No. 9, came into force. The purpose of
these amendments is to introduce a different type of legform impactor, namely the Flexible
Pedestrian Legform Impactor or ‘Flex-PLI’, and its associated injury criteria and limits. The
Flex-PLI measures dynamic anterior cruciate ligament and posterior cruciate ligament
elongation and the dynamic bending moments at the tibia, instead of the knee bending
angle, the dynamic knee shear and acceleration measured by the current EEVC WG17
legform impactor.

The 01 series of amendments to UN Regulation 127 has not been transposed into EU
legislation at the time of writing and remains an action to be undertaken. Also, it should be
noted that the European Parliament resolution of 9th September on the implementation of
the 2011 white paper on transport (P8_TA-PROV(201500310) calls for:

‘A proposal by 2016 to review the General Safety Regulation ((EC) No 661/2009) and the
Pedestrian Protection Regulation ((EC No 78/2009) in order to establish mandatory rules
for heavy goods vehicles’ (HGVs’) cab design and safety, direct vision, crash performance
and pedestrian protection, prioritising vulnerable road users.’

which should lead to further legislative improvements for pedestrian protection.

2.2.2. Forward field of vision

The section above describes the main requirements in EU legislation for protection of a
pedestrian impacted by an M1 vehicle (car). They consist mainly of secondary safety
requirements, i.e. those designed to mitigate injuries once the pedestrian is hit. However, it
does also contain a primary safety requirement (i.e. measures to help avoid the impact
occurring), which is the requirement to fit a Braking Assist System (BAS). There are also
requirements for a car’s primary safety in terms of forward vision which are relevant for
pedestrian protection. These are contained in UN Regulation 125, ‘Forward field of vision of
drivers’, which contains requirements for the driver’s field of vision in terms of:

 Transparent area of windscreen, i.e. the area of the windscreen that can be seen
through.

 A-pillar obscuration, i.e. how much the A-pillar is allowed to block the driver’s vision,
which effectively limits its physical dimensions.

 Forward direct field of vision

o Driver 180° vision.

o Obscuration of short objects, i.e. children close to the front of the vehicle.

Transparent area of windscreen

UN Regulation 125 requires that the transparent area of the windscreen shall contain at
least the following sight lines (datum points) where V points relate to the position of the
driver’s eyes:

 A horizontal datum point forward of V1 and 17° to the left (see Figure 2).

 An upper vertical datum point forward of V1 and 7° above the horizontal

 A lower datum point forward of V2 and 5° below the horizontal.
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Figure 2: Illustration of windscreen datum points required by UN Regulation 125

Source: UN Regulation 125

Note: The V points (V1 and V2) represent the range of the driver’s eye position, from
which the sight lines are drawn to check that the datum points are within the windscreen
transparent area which indicates that the driver’s vision is unobscured for these sight lines.

A pillar obscuration

UN Regulation 125 requires that the angle of obstruction for each A-pillar shall not exceed
6o (apart for armoured vehicles for which 10o is allowed) defined using two planes (inclined
at 2o upwards and 5o downwards) passing through Pm situated at (43.36 mm, 0 mm, 627
mm) relative to the vehicle’s ‘R’ point1

Note: In a similar manner as for the windscreen transparent area, sight lines are drawn
from a point (Pm) representing the driver’s eye position to limit the amount that the A-pillar
can obscure the driver’s vision.

1 ‘R’ point: Seating reference point which is the theoretical dummy hip point used by manufacturers when
designing a vehicle – and more specifically describes the relative location of the seated dummy's hip point,
when the seat is set in the rearmost and lowermost seating position.
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Figure 3: Observation points of the A-pillars

Source: UN Regulation 125

Forward direct field of vision

Driver 180o vision

UN Regulation 125 requires that apart from obstructions created by the A-pillars, the fixed
or movable vent or side window division bars, outside radio aerials, rear view mirrors and
windscreen wipers and certain other specific exceptions for small obstructions such as the
steering wheel, there should be no obstruction in the driver’s 180o forward direct vision
below a horizontal plane passing through V1 and above three angled planes passing
through V2.

Obscuration of short objects

UN Regulation 125 requires that in vehicles in which the V2 point exceeds 1650 mm above
the ground (i.e. R point > 1061 mm high for seat-back angle of 25 degrees) it should be
possible to see part of a 1200 mm high cylindrical object placed 2000 mm in front of the
vehicle when viewed directly from V2.
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It should be noted that this requirement is particularly relevant for SUVs and their design to
enable the driver to be able to see children close to the front of the vehicle.

2.2.3. Frontal impact protection

The main type approval requirement for protection in a frontal impact in the EU is UN
Regulation No. 94. The scope of Regulation 94 is all M1 vehicles (i.e. cars) with a total
permissible mass less than 2.5 tonnes.

Regulation 94 consists of a 40% overlap full scale crash test into an Offset Deformable
Barrier (ODB) at 56 km/h with two Hybrid III dummies (Figure 4).

Figure 4: UN Regulation 94 Offset Deformable Barrier (ODB) test configuration

Source: Author

The frontal impact ODB test procedure and associated performance requirements used in
Regulation 94 were developed by EEVC Working Group 11 (Lowne, 1996). At this time,
accident studies indicated the importance of occupant compartment intrusion in the
causation of fatal and serious injuries and demonstrated the importance of replicating, in a
dynamic test, the dynamics of vehicle structural deformations occurring in accidents. To
achieve this, EEVC WG11 developed a test consisting of an offset impact into a deformable
barrier. The most appropriate design of deformable barrier was found to consist of a block
of aluminium honeycomb of crush strength 0.342 MPa of depth 450 mm with a smaller
piece of 1.711 MPa honeycomb attached along the bottom edge of its front surface to act
as a nominal ‘bumper’. The barrier was mounted 200 mm from the ground with its top
surface at 850 mm. A test speed of 56 km/h with a 40% overlap was recommended. This
configuration was found to replicate car to car tests between similar cars with a
50% overlap and a closing speed of 100 km/h (each car travelling at 50 km/h)2.
It was recommended that 50th percentile Hybrid III dummies should be used in the driver
and front seat positions. The performance requirements recommended were mainly dummy

2 It should be noted that a 56 km/h ODB test represents a car travelling at 50 km/h in a moving car-to-moving
car test because the barrier absorbs some impact energy, approximately the difference in the kinetic energy of
the car at 56 km/h and 50 km/h.
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based with limits appropriate for the reduction for the risk of fatal and serious injuries to
the head, neck, thorax, and leg including knee. However, some vehicle response
requirements, such as steering wheel displacement and dummy extraction, were also
recommended to supplement the dummy requirements and increase the robustness of the
test.

As well as Regulation 94 ODB test, separate tests (regulations) exist for safety belts (UN
Regulation No. 16), their anchorages (UN Regulation No. 14) and steering wheel impact
(UN Regulation No. 12).

Regulation 16 specifies requirements for the installation of safety-belts and restraint
systems for M (passenger carrying), N (Goods carrying), O (Trailers), L2, L4, L5 (three
wheeled vehicles), L6, L7 (quadricycles) and T (tractors) category vehicles. It also specifies
requirements for the installation of child restraint systems for M1 (cars) and N1 (light
goods) vehicles and requirements for safety belt reminders for M1 (cars) vehicles.

Regulation 14 specifies strength requirements for safety-belt anchorage points for M and N
category vehicles and child restraint systems anchorage points for M1 vehicles.

Regulation 12 specifies requirements for protection of the driver against the steering
mechanism in the event of an impact for M1 and N1 vehicles with a maximum permissible
mass less than 1.5 tonnes. Its requirements are assumed to be met if the steering wheel is
fitted with an airbag and the requirements of Regulation 94 are met.

It should be noted that there are no legislative crash test requirements for L category
vehicles (quadricycles and 3 wheeled vehicles), i.e. Regulation 94 is not applicable for
vehicles of this category. However, Article 74 of Regulation (EU) No 168/2013 (revised
framework Directive for motorcycles) empowers the European Commission to adopt
delegated acts as regards the introduction of additional safety requirements for
subcategory L7e-A heavy on-road quads, if it is decided they are needed.

2.2.4. Side impact protection

The main type approval requirement for protection in a side impact in the EU is UN
Regulation No. 95 (Figure 5). The scope of Regulation 95 is all N1 (light goods) and M1

vehicles (cars) where the ‘R’ point3 of the lowest seat is not greater than 700 mm above
ground level.

Regulation 95 consists of a perpendicular impact of a Mobile Deformable Barrier (MDB) into
the driver’s side of the vehicle at 50 km/h with a EuroSID-2 dummy in the driver’s seat
(Figure 4).

The MDB consists of a 500 x 500 x 1500 mm (h x d x w) aluminium honeycomb barrier
face attached to a wheeled trolley with a combined mass of 950±20 kg. The trolley/barrier
combination simulates a typical European car at the time that the regulation was developed
in the 1990’s, which was relatively small and light.

3 ‘R’ point: Seating reference point which is the theoretical dummy hip point used by manufacturers when
designing a vehicle – and more specifically describes the relative location of the seated dummy's hip point,
when the seat is set in the rearmost and lowermost seating position.
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The performance requirements are based on the EuroSID-2 dummy readings with limits
appropriate for reduction of fatal and serious injuries to the head, thorax, abdomen and
pelvis.

Figure 5: UN Regulation 95 Mobile Deformable Barrier (MDB) test configuration

Source: Author

One of the shortcomings of the current Regulation 95 MDB test is that it does not enforce
adequate measures (such as a curtain airbag) to protect the head in impacts with vehicles
with higher front-ends (such as SUVs) and higher objects (such as trees and poles). This is
because of the low top height of the barrier (500 mm), which is only representative of the
front-end height of a car. To help resolve this problem the European New Car Assessment
Programme (Euro NCAP) performs a side impact pole test as part of its assessment of the
crash safety of a car. Also the UN has developed a Global Technical Regulation for a side
impact pole test (GTR 14) which has been transposed into UN Regulation 135. At the time
of writing this UN Regulation has not been transposed into EU legislation.

It is interesting to note that, in the United States (US), as part of its vehicle
crashworthiness assessment, the Insurance Institute for Highway Safety (IIHS) perform an
MDB side impact test with a heavier barrier which is much taller and has greater ground
clearance. This MDB is intended to be more representative of the popular Sports Utility
Vehicle (SUV) pick-up segments of the US fleet. This test encourages the fitment of side
curtain airbags in cars, which are also needed to meet the ejection mitigation requirements
(in rollover and side impact accidents) in the US federal motor vehicle safety standard
(FMVSS) No. 226.
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3. ISSUES ASSOCIATED WITH CHANGES IN THE
VEHICLE FLEET (SIZE, WEIGHT, VOLUME) WITH
EMPHASIS ON PROTECTION OF VULNERABLE USERS

3.1. Current situation and possible future scenarios
In the past fourteen years there have been significant reductions in the number of people
killed in road traffic accidents in the European Union. However, in recent years the decline
appears to have stalled, with a levelling of annual fatalities in 2013 and 2014 to about
26,000 (Figure 6).

Figure 6: Number of road fatalities in the EU28 by year

Source: Author collated data from CARE

In 2014 and 2013, about 25,700 and 26,000 road fatalities were reported in the EU28.
Figure 7 provides a breakdown of the number of people killed on European Union roads, by
road user type for recent years.

Car users represent by far the single largest casualty group, in 2013, there were 11,887
passenger car users killed in traffic accidents (45% of total). The majority of car user
fatalities were drivers (approximately 70%) and the majority occurred on roads outside
urban areas (about 70%).

In 2013, vulnerable road users (VRU), accounted for about 47% of the deaths in the EU28,
namely motorcyclists (17%), pedestrians (22%) and pedal cyclists (8%). The majority of
pedestrians and cyclists fatalities were caused by collisions with cars, 68% and 52%
respectively. Also, most pedestrian and cyclist fatalities occurred on urban roads, 69% and
56% respectively.
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Figure 7: Number of road fatalities in the EU28, by road user type, by year
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Source: Author collated data from CARE

The European road accident data which is currently collected and reported does not
differentiate between different types of passenger cars, so it is not possible to quantify how
many road casualties are associated with SUVs compared with other types of vehicle. It is
therefore not possible to calculate the relative risk of being involved in an injury collision by
passenger car type by km driven. In 2012, the overall passenger car fatality rate, per
billion passenger kilometres driven was 2.8 in the EU28. There are notable differences
between the Member States, including vehicle fleet characteristics, road types,
environments and journey lengths. Therefore, the risk of collisions and their typologies vary
throughout the EU. However, the quantity and quality of real world road casualty data
recorded by Member States varies, which means that much is not known and this
represents a significant gap in our collective knowledgebase. The direct consequence of this
lack of detailed information is that it can, at times, be difficult to develop better, more cost
effective and targeted policies and solutions to prevent future road casualties.

Current efforts are on-going to establish more harmonised data collection procedures and
reporting methods. However, the fundamental lack of data presents a challenge, because
without the evidence it is extremely difficult to prioritise future accident and injury
prevention strategies. Other world regions, for example the US, have more comprehensive
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and joined-up approaches to collecting and analysing road accident data and are able to
better quantify risk.

To proactively address future road safety challenges and to reduce today’s unacceptable
societal burden of 26,000 deaths and many more injuries within the European Union, it is
important to learn from the historical data and to consider future changes too.  As
described in the background section above, likely societal trends in the future include:

 Increasing number of pedestrians and cyclists

 Increasing diversification of vehicle size and weight in the vehicle fleet, in particular
an increase in the number of SUVs

 Aging population

These trends will lead to:

 A greater number of accidents between passenger cars and vulnerable road users
(pedestrians and cyclists) because of the increased exposure and a higher likelihood
of an impact with an SUV. To illustrate the issues that this may cause and potential
countermeasures the case of an impact between an SUV and a pedestrian is
discussed.

 A greater number of accidents between large and small passenger cars, again,
because of the increased exposure and a higher likelihood of an older (more
vulnerable) person being involved in the accident. To illustrate the issues that this
may cause and potential countermeasures the case of an impact between an SUV
and a small passenger car is discussed.

3.2. Sports Utility Vehicle (SUV) versus Vulnerable Road User
(pedestrian)

3.2.1. Case study SUV versus pedestrian

An example of a collision between an SUV and a pedestrian is shown in Figure 8. The crash
occurred on a winter evening in an urban environment in the UK. It was dark, but the
overhead street lighting was illuminated, the weather was fine (no rain) and visibility was
described as good. The speed limit was 30 mph or approximately 50 km/h.

The collision involved an SUV travelling at approximately 25 mph (40 km/h) and an elderly
female pedestrian (approximately 80 years old). The pedestrian was crossing the road with
the aid of a walking stick to reach the bus stop on the opposite side. She crossed from right
to left from the viewpoint of the SUV driver. She nearly crossed in front of the SUV without
impact, but the front left corner, nearest the kerb, collided with her.

Figure 9 and Figure 10 highlight the superficial evidence of the pedestrian’s contact with
the SUV. When investigating car to pedestrian impacts, it is typical to only observe very
slight and often transient contact marks on the vehicle, such as cleaning of the paint
surface. To really understand how a vehicle and pedestrian have interacted, it is normally
necessary to attend the scene of the collision within minutes of it occurring to gather the
perishable evidence. This approach allows the performance of the vehicle structure with
respect to how injurious it was to be assessed.
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Figure 8: Scene plan for a SUV versus pedestrian collision

Source: Author (RAIDS)

The driver of the SUV did not react to the presence and movement of the pedestrian and
took no evasive action (steering or braking) to try to avoid the collision. It is possible that
the blind spot caused by the driver’s windscreen A pillar obscured the pedestrian from his
view, but this is not known.

The elderly pedestrian suffered a ‘right undisplaced intracapsular fractured neck of femur’
that is likely to have been caused by being knocked to the ground.

It is likely that an AEB system could have helped prevent this collision or at least have
reduced the speed of the SUV at the point of impact.

The shape of this vehicle is unlikely, in this example at least, to have adversely affected the
injury outcome for the pedestrian. However, it is important to statistically compare the
injury outcome for different vehicle types to fully assess what, if any, are the implications
of SUVs becoming more popular with respect to VRU safety. A cross-European study should
pool resources and experiences from representative Member States to establish the
necessary evidence to direct future VRU casualty and injury prevention strategies.
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Figure 9: SUV involved in pedestrian collision

Source: Author (RAIDS)

Figure 10: Evidence of pedestrian impact point – cleaning of dirt from bumper

Source: Author (RAIDS)



Policy Department B: Structural and Cohesion Policies
____________________________________________________________________________________________

30

3.2.2. Discussion of issues and proposals for potential counter-measures

Are SUVs or Multi-Purpose Vehicles (MPVs) more aggressive than smaller
passenger cars in collisions with VRUs?

Concerns about the aggressiveness of SUVs or MPVs towards VRUs, particularly with regard
to elderly road users, have been expressed in Europe for a long time; see for example
(Simms and O'Neill, 2006). Unfortunately, high-quality pan-European research on this topic
analysing large datasets of real-world collisions, involving recent European vehicle designs
is scarce. A methodologically sound study based on German national data by Malczyk et al.
(2012) could, however, not identify a significantly higher injury risk for pedestrians in
collisions with SUVs compared to smaller cars. Similarly, a study by Broughton and Knowles
(2009) using UK national accident data did not find a significantly greater killed and
seriously injured rate for pedestrians in collisions with SUVs and MPVs compared to smaller
cars. The results from an older study by Margaritis et al. (2005), based on Dutch national
data, are inconclusive because the case numbers were too small to draw firm conclusions:
A certain trend towards higher aggressiveness of SUVs towards pedestrians was spotted in
the analysis. However, it is not clear how strong this trend is. This study is one of the few
that also analysed the aggressiveness towards cyclists and riders of powered two-wheelers
(PTWs): Among this road user group, a significantly higher fatality rate, 4.5% vs. 1.6%,
was indeed identified when impacted by an SUV compared to a smaller car.

This lack of European findings on the subject is in contrast with international research,
which should, although not fully transferrable, not be ignored. There is a large body of
research available analysing data from the USA which consistently demonstrates that LTVs,
a vehicle category that includes SUVs and MPVs but also pickup trucks, pose a greater risk
to pedestrians in collisions. A meta-analysis of the available US-research by Desapriya et
al. (2010) found an odds ratio of 1.54 (95% CI, 1.15-1.93) for sustaining fatal injuries
when hit by an LTV compared to a smaller passenger car. This means that the fatality risk
for the pedestrian is elevated by 54%. There are indications that the risk for children is
even further elevated. DiMaggio et al. (2006) reports an odds ratio of 4.2 (95% CI, 1.9-
9.5) for five- to nine-year-old pedestrians.

These US data cannot simply be transferred to Europe; this is for two main reasons:

Firstly, the examined US vehicle category LTV includes vehicles that are not common on
European roads, such as large pickup trucks. However, a recent study using Australian data
analysed the vehicles subsumed under this category separately and again found that SUVs
and MPVs pose a considerably higher risk to pedestrians. The overall risk of death or
sustaining non-minor injuries was increased by between 13.2%, 20.4% and 28.6% for
compact SUVs, medium SUVs and MPVs, respectively (D'elia and Newstead, 2015). For
large SUVs the overall risk was found to be lowered by 9.4%, although when specifically
analysing death or non-minor thorax, head, face or neck injuries the risk was elevated by
between 44.5% and 74.4%.

Secondly, SUVs and MPVs designed for the US market do not have to comply with modern
European pedestrian protection requirements. This concern is valid and cannot be
addressed without analysing real-world accident data involving modern European vehicles.
However, it should be considered that this applies to both groups of vehicles compared in
the US studies, passenger cars and LTVs. To eliminate this relative difference between the
groups the pedestrian protection requirements would have to be disproportionally more
effective for European SUVs and MPVs than for European cars.
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To summarise: The present review could not identify real world accident data type evidence
showing that modern European SUVs or MPVs were more aggressive towards vulnerable
road users than smaller passenger cars. This is in stark contrast with international findings
which show a higher risk for these vehicles. This might be explained by more pedestrian-
friendly vehicle design, based on European regulatory requirements, or perhaps more likely
by an insufficient European evidence base and research to be able to identify this trend.
However, it should be noted that the kinematics are different for pedestrians struck by
SUVs compared to passenger cars because of the higher bonnet leading edge. This causes
a more severe impact to the pedestrian’s femur and pelvis area with less upper body and
head rotation leading to different injury patterns in which some injuries can be more severe
(see section below for more details).

Further pan-European research is therefore warranted to address the question whether it is
necessary to improve the pedestrian protection legislation for SUV type vehicles.

Is the impact kinematics different for pedestrians struck by SUVs compared to
smaller passenger cars?

The exact kinematics of each pedestrian impact are determined by many factors, including
the pedestrian height and initial posture, the effective mass of the body part struck, the
vehicle geometry (front end shape, bonnet height, bonnet length, and windscreen angle),
the impact speed and the vehicle pitch due to braking (Rodarius et al., 2013). Beyond the
initial contact between a car and a pedestrian, usually to the leg, other interactions with the
vehicle are complex and varied. The following description can therefore only give an
impression of a typical pedestrian frontal collision and highlight generic differences between
conventional passenger cars and SUVs.

In collisions between conventional cars and pedestrians the bumper typically first strikes
the lower leg and the bonnet leading edge strikes femur or pelvis. This induces the
characteristic wrap around motion of the struck pedestrian, i.e. a rotation of the upper
body towards the bonnet (Simms and O'Neill, 2006), (Fredriksson et al., 2010), (Han et al.,
2012). Depending on the pedestrian’s height, exact vehicle geometry and impact speed,
shoulder, chest or head strike bonnet, windscreen or A-pillar. Typically, the pedestrian is
then carried on the bonnet and ultimately thrown forward when the car brakes. Depending
on the impact speed the pedestrian can also be vaulted over the car onto the ground
behind or to the side of the car.

Due to SUVs’ higher bonnet leading edge, pedestrians are struck higher up which means
that more energy from the primary impact is transferred into the femur and pelvis region
rather than the lower leg (Simms and O'Neill, 2006), (Han et al., 2012). Upper leg and
pelvis injuries have been observed to becoming more of an issue with these vehicles
(Roudsari et al., 2005). The subsequent rotation of the pedestrian’s body is reduced
compared to smaller cars, because of the proximity of the impact to the centre of gravity of
the struck body. This leads to higher potentially injurious energy transfer into the body and
simulations point towards higher thorax loads and associated higher risk of rib fractures
(Han et al., 2012). In SUVs, the pedestrian is then more likely to be projected forward or
knocked down onto the ground compared to conventional cars (Roudsari et al., 2005).

These considerations might warrant increased efforts for secondary thoracic and pelvic
protection in the front structure design of SUVs.
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What role does speed play in VRU collisions?

Higher driving speeds are associated with a higher occurrence of injurious collisions (Elvik,
2009). There is also a large body of research on the association between impact speed and
injury outcome once a VRU collision has occurred: The studies are in broad agreement that
higher vehicle impact speed is linked, at a statistically significant level, to a higher risk of
sustaining fatal or serious injuries for the struck VRU; for example (Cuerden et al., 2007),
(Rosén and Sander, 2009), (Richards, 2010), (Rosén et al., 2011), (Tefft, 2013), (Han et
al., 2012), (Kröyer et al., 2014). This general link is not limited to SUVs or MPVs, but
applies to all motor vehicles and is visualised in Figure 11.

Figure 11: Risk of pedestrian fatality with impact speed

Source: Richards, 2010

Note: Calculated using logistic regression from the UK OTS and police fatal file dataset for
impacts with fronts of cars (M1 vehicles including SUVs / MPVs).

The exact level of risk reported differs between the studies; with more recent studies
attributing relatively lower overall risk levels to given speeds. This has to do with better
accounting for case selection bias in newer studies and should not be misinterpreted as
questioning the importance of reducing speed as a measure of VRU injury mitigation: All
studies, including the more recent ones, show a steep increase in injury risk over a narrow
speed range around speeds driven in urban environments: For example, Tefft (2013)
reports an increase of the absolute risk of death from 10% at 38 km/h to 75% at 77 km/h;
Richards (2010) reports 10% risk at 53 km/h which rises to 75% at 82 km/h.

But even at lower levels the influence of speed is considerable. The S-shape of the absolute
injury risk curve can easily obscure this fact because the visible increase around the speed
range reported above is that steep; this is, however, a misconception: For example,
lowering the impact speed from 30 km/h to 22 km/h will reduce the relative fatality risk for
the struck individual by half (Kröyer et al., 2014).

These considerations suggest that measures reducing driving speeds, such as ISA, and
primary safety systems reducing impact speeds, such as AEB, could further reduce VRU
casualties.
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What causes more injuries: The impact with the vehicle or with the ground?

Both, the primary impact with vehicle structures and the secondary impact with the ground
frequently cause injuries in VRU collisions. The exact distribution varies depending on which
road user group (pedestrians or cyclists), which vehicle type and which impact speed range
are analysed, but generally the primary vehicle contact appears to be the dominant injury
mechanism.

Studies including all passenger cars show that for pedestrians the majority of all injuries
are caused by vehicle structures (Otte and Pohlemann, 2001), (Roudsari et al., 2005),
(Zhang et al., 2008), (Cookson et al., 2011), (Liers and Hannawald, 2009), (Guillaume et
al., 2015). This demonstrates the importance of improving the compliance of vehicle
structures for the primary impact. Current Euro NCAP protocols were shown to be effective
in this regard (Strandroth et al., 2014), but certain zones of the vehicle are excluded from
the legislative tests, such as A-pillars. Appropriate protection systems for these areas are
now available in form of windscreen airbags and the excluded zones could be reconsidered.

For cyclists the majority of injuries in fatal collisions are also caused by the vehicle
(Fredriksson et al., 2012). When analysing non-fatal injuries only, the trend for cyclists is
different to that observed for pedestrians, likely due to existing differences in collision
kinematics: The secondary impact on the ground is then more frequently causing injuries
(Öman et al., 2015). This is an indication that accident avoidance by primary safety
measures, which aim at collision avoidance, could be even more important for cyclists when
trying to avoid non-fatal injuries.

With regard to vehicle type, no detailed studies differentiating between SUVs/MPVs and
smaller cars for the European road situation could be identified. However, for the US
vehicle fleet there is evidence showing that ground contact as an injury source is more
frequent in impacts with SUVs, MPVs and pickup trucks compared to conventional cars
(Roudsari et al., 2005). This trend might also give an indication of the European situation
because the generic differences in collision kinematics caused by the different front end
shapes, i.e. the pedestrian being more likely to be thrown forward, are likely similar. This,
again, can be understood as an argument for increased focus on accident avoidance
measures (primary safety) with regard to SUVs.

At higher impact speeds the dominating injury mechanism is the primary impact against
vehicle structures, whereas in tendency the secondary ground impact becomes more
dominant at lower speeds. In a study of French pedestrian collisions, Guillaume et al.
(2015) found that about three quarters of non-minor injuries were caused by vehicle
structures when analysing all collisions up to 50 km/h; when focusing on collisions up to 30
km/h only, this proportion was reduced to just under half. This is of course equally an
argument for decreasing the impact speed, for example by primary safety measures, but
also shows the continuing importance of improving the secondary safety of cars in VRU
impacts. It was demonstrated in simulations that the vehicle front end shape has a strong
influence on the severity of the head impact on the ground (Hardy, 2009).

What body regions of pedestrians are most commonly injured when impacted by
modern cars?

For passenger cars in general, the most frequently injured body regions in struck
pedestrians are traditionally head, legs and pelvis (Richards et al., 2009), (Cookson et al.,
2011), (Strandroth et al., 2014).
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Malczyk et al. (2012) specifically analysed SUV collisions and found that the primarily
affected body regions by serious injuries were head and legs, followed by pelvis and chest.
Serious spinal injuries were hardly observed. These results are in line with the findings for
smaller passenger cars and do not indicate specific trends for SUVs.

Research from recent years appears to identify, again for all passenger cars, an increasing
importance of thoracic injuries: In-depth accident data from Germany, again for all
passenger cars, show that serious pedestrian injury patterns in newer vehicles are moving
towards thorax and pelvis injuries (Zander et al., 2015a). Fredriksson et al. (2015) also
emphasise the increasing importance of thoracic injuries, specifically for cyclists. Cookson
et al. (2011) emphasised already several years ago that an increased focus on thorax
protection was necessary. Compliant vehicle design could be encouraged by thoracic
secondary safety tests using new (or improved) impactors and test procedures.

How do pedestrian injury patterns differ with age?

The relationship between age of the pedestrian casualty and the rate of injury to head,
knee/lower leg, hip/thigh and shoulder/upper arm was studied by Cookson et al. (2011)
based on UK data (Figure 12). It can be seen that the rate of head injury decreases with
age whereas the rate of hip and thigh injury increases. The latter trend appears to
accelerate from the age of 60, which the researchers attribute to the decrease in bone
density and strength observed in this age group. When considering an ageing population
this highlights that the compliance of the vehicle zones impacting hip and thigh gain
relative importance. Arguably, for taller larger vehicles such as SUVs this could emphasise
the importance of the bonnet leading edge structure. The secondary safety of elderly VRUs
will be particularly addressed by the upcoming HORIZON 2020 research project SENIORS.
The results of this project should be taken into account when they become available.

Figure 12: Relationship between age of the pedestrian casualty and injured body
region

Source: Cookson et al., 2011

Are there differences between collisions with pedestrians and with cyclists?

Yes, there are. Past research had a strong focus on pedestrians, but there are studies
available on cyclists’ impact kinematics and injury causation. The studies summarised in
the following all apply to the category of passenger cars, inclusive of SUVs and MPVs, but
did not differentiate between the vehicle types.
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The movement of a struck cyclist is found to be different to a pedestrian due to the higher
centre of gravity when sitting on a bicycle and the reduced wrap around motion around the
vehicle’s front end: Crash tests with the Polar II cyclist dummy imply that considerable
sliding along the bonnet occurs because the lower legs do not restrict the motion (van
Schijndel et al., 2012).

At identical vehicle impact speed, the resulting head impact speed is reported to be higher
for cyclists compared to pedestrians (van Schijndel et al., 2012). This is arguably the case
because of the difference in kinematics and the lower level of energy dissipated by the
wrap around motion. This has implications for the applicability of pedestrian impact testing
because the head and legform test speeds might be lower than the speeds experienced by
cyclists in the real world.

The body regions of cyclists that most frequently sustain fatal injuries in collisions are head,
followed by thorax and neck, which is in line with injured body regions of pedestrians
(Fredriksson et al., 2012).

The most frequent vehicle injury sources for cyclists were the windshield area and
surrounding structural parts, i.e. the windscreen frame and the instrument panel, when the
head strikes through the windscreen (Fredriksson et al., 2012). These areas also frequently
cause injuries in pedestrians, but for cyclists there was a trend of the injurious vehicle
locations being farther back and higher (Zander et al., 2013). In particular the upper half of
the windscreen, including the upper-A-pillar and particularly the roof edge was recorded
frequently, which might be related to the inclination to slide along the bonnet (Fredriksson
et al., 2012).

With regard to secondary vehicle countermeasures, the researchers conclude that
measures to protect cyclist should therefore address higher, more rearward locations in the
windscreen area than pedestrian countermeasures (Fredriksson et al., 2012). However,
secondary countermeasures geared towards pedestrians appear to also benefit cyclists
(Strandroth et al., 2014). Zander et al. (2013) suggest a rearward extension of the head
impact area for secondary safety testing in legislation or the Euro NCAP protocol and to
make use of secondary safety systems, such as cyclist-capable AEB. BASt is currently
developing a test and assessment procedure for secondary safety that will adequately cover
cyclists (Zander et al., 2015b).

What role does the driver’s field of vision play in collisions with VRUs?

The driver’s field of vision is made up of the areas that can be seen through front, side and
rear windows (direct vision) and via mirrors or other supporting devices such as cameras
(indirect vision).

Potential issues could generally relate either to situations at low driving speeds, where good
vision of areas in close proximity of the vehicle is vital (reversing, driving in crowded,
narrow streets, or performing turning manoeuvres), or to situations at higher driving
speeds where good oversight of the surroundings and little obscuration (for example by A-
pillars) is most important.

The type-approval regulations governing minimum forward direct and indirect vision in
Europe apply equally to all passenger cars, including most SUVs and MPVs. Reliable
quantification of any real-world issues vision obscuration by vehicle parts might play in VRU
collisions is hardly possible based on existing European collision data. Even if contributing
factors are recorded in national data. This is partly because many different factors
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contribute to a collision and a potential obscuration by A-pillars, for example, is not a very
obvious contributory factor, so might naturally not be selected as often by attending police
officers as it could have prevented a collision. Ogawa et al. (2013) describe, for Japanese
cars and Japanese traffic, a positive link between A-pillar obscuration and higher incidence
of pedestrian impacts. While this general link is arguably in line with expectations, the
detailed results, i.e. the quantification of the magnitude of the problem, might not be
immediately transferrable to Europe due to large differences in type-approval
requirements, vehicle fleet composition and road layout in Japan.

Otte et al. (2012) performed an analysis about accident causation using German in-depth
collision data for all passenger cars. These data record whether insufficient ‘access to
information’ was a potential cause for a collision. For collisions resulting in serious injuries,
this was recorded in 14% of pedestrian collisions, 12% of cyclist collisions, and 7% of PTW
collisions. Vision-related problems would form a part of these cases, but it is not possible to
quantify how big this part is. Also, transferring these numbers to other member states is
problematic because the layout of road space is likely highly influential on this, which
differs strongly between countries. There are no strong indications of forward visibility
being a major issue in the occurrence of VRU collisions.

Millington et al. (2007) described the phenomena where the sight lines around the A-pillar
are affected by the vertical support for a small triangular window, and these are commonly
associated with SUV design. In certain circumstances this design, although suitable for
type-approval, reduces the forward visibility, especially risking obscuring pedestrians and
pedal cyclists.

Figure 13: Example of a split A-pillar sight line by a triangle window

Source: Author

Rearward visibility problems in passenger vehicles have been prominently discussed over
the last years. There are no indications that SUVs or MPVs specifically have a poor rearward
field of view; rather, there are large inter-model differences across the whole passenger car
category having to do with raised belt-lines and reduced window areas, partly in an effort
to improve occupant safety. In the USA, over 200 fatalities per year are so called ‘backover’
collisions, i.e. VRUs being run-over by reversing light vehicles (NHTSA, 2014). For the US
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market, new rearward visibility requirements, mandating rear view cameras with on-board
screens for all passenger vehicles, will therefore come into effect from 2018.

Whether the backover problem exists to a similar degree in Europe is not known because of
a lack of research. Malczyk et al. (2012) analysed injurious SUV collisions with pedestrians
in Germany and found that about one quarter of cases occurred when the vehicle was
reversing, for example on a parking lot. The researchers acknowledge that this proportion
is similar to that for smaller cars. As the collisions were not differentiated by injury
severity, it is not possible from these data to draw conclusions of the magnitude of the
problem. Accident data from the UK shows that there are about 16 fatal and 280 serious
pedestrian casualties per year by reversing vehicles, a category which includes heavy
vehicles as well as passenger cars (Hynd et al., 2015). This makes up 10% of killed
pedestrians among the group of up to five year-olds, although at low overall numbers. The
existing knowledge about the European situation is not sufficient to draw firm conclusions
about the backover problem. Potential countermeasures, if deemed necessary, could be on-
board reversing detection systems such as rear view cameras.

3.3. SUV versus small passenger car

3.3.1. Case study SUV versus small passenger car

When an SUV and small passenger car collide, the injury outcome for the occupants of the
lighter vehicle tend to be worse because of the greater change of velocity they experience,
which means higher impact forces on their bodies.  This is true in all impact types, but side
impacts represent a high risk condition.  One of the reasons for this is because the larger
SUV can often directly contact the occupants of the smaller car through the side glazing,
due to the geometrical differences. Figure 14 shows the aftermath of a fatal road accident
in the UK on a rural road.

The collision occurred on a weekday morning on a rural road in the UK. The weather and
light conditions were good. The young female driver of a Nissan Micra lost control of her car
on a right hand bend and entered the opposing lane. The front of a Land Rover Discovery,
being driven in the opposite direction, collided with the passenger side of the Nissan. As a
result of the collision the driver of the Nissan died from head and chest injuries caused by
contact with the heavily intruded passenger side of her car supported by the high fronted
Land Rover.

The Nissan did not have Electronic Stability Control (ESC) fitted, which may have helped
prevent the loss of control of the vehicle. Note that fitment of ESC on all new cars is
mandatory in the EU. The case highlights a high severity collision, but the mass of the Land
Rover was over twice that of the Nissan, which meant that the Nissan experienced a
disproportionally high change of velocity. Further, the height of the Land Rover meant that
it overrode the lower side structures and floor of the Nissan and caused significant intrusion
at occupant chest and head height.

It is possible that more advanced adaptive restraints (seatbelt and side airbags) may have
helped lessen the contact forces experienced by the young female driver of the Nissan.
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Figure 14: Position of vehicles following a fatal collision

Source: Author (RAIDS)

3.3.2. Discussion of issues and proposals for potential counter-measures

Are there disadvantages to being in a small (light) car in an accident with a bigger
(heavier) car, e.g. a SUV?

An analysis of UK national accident data by Broughton and Knowles (2009) shows that, for
all accident configurations, occupants of 4x4 and MPV vehicles have lower injury rates than
those of cars, in particular smaller cars. In contrast, an analysis of US fatality data by
Wenzel and Ross (2008) shows that overall a person has no greater fatality risk driving an
average car compared to a much heavier truck based SUV. However, it also shows greater
risks for car occupants in side impacts if struck by a SUV compared to another car.

Intuition says that you are likely to be at a disadvantage if you are in a small (light) car in
an accident with a bigger (heavier) car compared to if you were in a similar sized car and
intuition is correct if all other things are equal. However, all other things are rarely equal
and vehicle design is important, for example how well stiff structures in the two vehicles
are aligned (structural interaction) and the presence of safety equipment and interior
padding (Wenzel and Ross 2008).

The influence of vehicle design on the risk of occupant injury in vehicle-to-vehicle crashes
has been studied for a number of years and is known as crash compatibility. The objective
of compatibility is to minimise injuries overall in crashes with other vehicles. To achieve
this, a combination of both self and partner protection is required.
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Frontal impact crashes

For car-to-car frontal accidents the main issues for improving compatibility are (Edwards et
al., 2003):

 Structural interaction

 Force (frontal) matching and deceleration pulse

 Compartment strength and stability

Structural interaction describes how the contact forces are distributed between collision
partners and the stability of the deforming structures. Good structural interaction does not
always occur in accidents because of differences in vehicle sizes (e.g. a SUV’s main
structures can often be higher than a car’s) and crashworthiness designs. For good
structural interaction, alignment of a vehicle’s main crash structures is needed vertically
and horizontally. For example, a SUV needs structure at the level of a car’s main
longitudinal rails to help interaction and ensure that that it does not ride up over a car in a
frontal crash. Poor structural interaction can lead to phenomena such as over/under-ride
which in turn can lead to poor energy absorption in the front-end structures and intrusion
of the occupant compartment, with likely injurious consequences for the occupants.

Frontal force level matching and a strong and stable compartment is desirable to ensure
that crash energy is appropriately shared between collision partners and absorbed in the
vehicle’s front-end structures without excessive occupant compartment deformation.
Current international consumer and regulation test methods encourage frontal crush forces
to be mass dependent and encourage heavier vehicles to be stiffer than lighter vehicles.
This can cause heavier vehicles to over-crush lighter vehicles and produce undesired
occupant compartment deformations in the lighter vehicle.

In recent years, two European framework projects have performed research work on car
crash compatibility, namely the VC-COMPAT fifth framework project (Edwards et al., 2007)
and FIMCAR seventh framework project (Johannsen, 2013).

The FIMCAR project continued the work of the VC-COMPAT project. Its objective was to
propose a frontal impact assessment approach which addressed self and partner protection
and compatibility of cars in frontal impacts. Research strategies and priorities were based
on results from earlier research programs (mainly VC-COMPAT) and the accident data
analysis performed within the FIMCAR project, which focused on recent data / cars. Within
the project, different frontal impact test candidates were analysed regarding their potential
for future frontal impact legislation. These analyses included both a crash test programme
and numerical simulations. The result of this work was a proposal for a frontal impact
assessment approach consisting of the following:

 Full-Width Deformable Barrier test (FWDB) with a high resolution load cell wall
(LCW) and compatibility metrics. A test with a deformable barrier was chosen
instead of a one with a rigid barrier because the deformable barrier produced a
deformation and deceleration of the car that was more representative of a real-
world impact. The aims of this test were:

o To use the forces measured on the LCW to assess and control a vehicle’s crash
structure and ensure that all vehicles have crash structure in alignment with a
‘common interaction zone’, i.e. SUVs have structure positioned low enough to
interact with a car’s main structures in a frontal crash (structural alignment).
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o To assess the performance of the restraint system when subjected to a high
passenger compartment deceleration pulse. When a small (lighter) car is
involved in a frontal crash with a bigger (heavier) car, the lighter car will be
subjected to a greater velocity change than the heavier car because of the
fundamental principle of ‘conservation of momentum’. This leads to higher
decelerations of the lighter car, and so its restraint system needs to be better
than the one in the heavier vehicle to offer good protection to its occupants.

 Existing Offset Deformable Barrier (ODB) as described in UN Regulation 94 with
additional cabin integrity requirements to assess better compartment strength and
stability and assess the performance of the restraint system when subjected to a
lower passenger compartment deceleration pulse.

A benefit analysis for the introduction of this proposal into legislation was also performed.
This analysis estimated that the benefit for implementation of a full-width test in an
appropriate manner would be between 5% to 12% of all car occupant killed and seriously
injured (KSI) casualties. This benefit consisted of:

 Structural alignment (under/over-ride related to structural alignment): 0.3% to
0.8% of KSI casualties. However, it should be noted that the benefit related to
structural alignment was likely to be under-estimated.

 Restraint system: (restraint-related deceleration related injuries): 5% to 11% of KSI
casualties.

Following completion of the FIMCAR project in 2012, work on car-to-car compatibility and
car frontal impact continued in the GRSP Informal Working Group on Frontal Impact in
Geneva. This group made a proposal for a full-width rigid barrier test with a focus on the
restraint system, i.e. without compatibility metrics, which was discussed at GRSP in 2014
and referred back to the working group for further consideration (UNECE, 2014a), (UNECE,
2014b). The decision to go in this direction and effectively drop assessment of a car’s
geometric compatibility (structural alignment) suggested by the FIMCAR project was
influenced by:

 The result of the FIMCAR benefit analysis (noted above) which indicates that most of
the benefit of a full-width test would be related to restraint system improvements
with little benefit from geometric compatibility.

 Harmonisation issues, i.e. a full-width rigid test is used in regulation in many other
parts of the world currently whereas a full-width test with a deformable face is not
used anywhere at present.

In summary, the following counter-measures should be prioritised to ensure that occupants
of lighter cars are not at a disadvantage compared to occupants of heavier cars (e.g. SUVs)
in a light car-to-heavier car frontal crash:

 Improved restraint systems, in particular for the occupants of lighter cars.

 Improved geometric compatibility, i.e. alignment of the main crash structures of
vehicles in a common interaction zone, e.g. crash structures positioned low enough
on SUVs to interact with the main longitudinal rail crash structures on a light car.

Side impact crashes

For car-to-car side impact crashes the main issues for improving occupant protection are:
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 Structural interaction

 Mass and stiffness

 Protection against head injury

With a focus on passenger car to passenger car impact (Takizawa et al., 2007) reported
that the main influencing factors are structural interaction and stiffness matching. They
showed that occupant protection could be improved by designing the bullet car to engage
the target car more effectively (adding a structure on the bullet car to engage the sill of the
target car) and reducing the stiffness of the bullet car, (specifically the stiffness of the front
of the front side member) to match better the stiffness of the side structure of the target
car.

In the United States, the Insurance Institute for Highway Safety (IIHS) reported that the
risk of fatality in a side-struck car is higher when the striking vehicle is a pickup or a SUV
rather than a passenger car of the same mass (Nolan et al., 1999). IIHS also found that
front-end geometry was the most important factor influencing this difference. Because of
the high proportion of SUVs and pickups in the US vehicle fleet and hence the considerable
number of this type of accident, IIHS developed a MDB side impact test in which the MDB is
representative of an SUV / pickup (IIHS, 2014). Since 2003, IIHS have used this test to
provide information for consumers on the protection that a car offers when impacted in the
side by an SUV / pickup.

An overlay of the different MDB faces used in the legislative and consumer information
tests in the EU and US is shown in Figure 15. This illustrates the much ground clearance
and height of the IIHS MDB which represents an SUV / pickup compared to the European
MDBs (Regulation 95 and Euro NCAP) and US MDBs (FMVSS 214 and US NCAP) which
represent cars. A photograph of the IIHS and the US legislative (FMVSS 214) barrier faces
is shown in Figure 16; it can be seen that the head and upper torso is much more exposed
to the IIHS barrier face than the FMVSS 214 barrier face. The higher ground clearance of
the IIHS barrier face means that it is less likely to engage the sill of the struck vehicle,
particularly if the struck vehicle is a passenger car, which means that the B-pillar and door
structures have to resist a proportionally greater load. Also, protection needs to be
provided to mitigate the effect of the head directly striking the MDB (i.e. the SUV / pickup
in the real-world). These head strikes do not occur with the other MDBs because the head
is above the level of the top of the MDB, in turn because these MDBs represent cars whose
structure is lower. Protection against these head strikes is generally provided by curtain
airbags. These curtain airbags can also provide protection against head impacts to interior
parts of the car such as the B-pillar and help prevent ejection (both full and partial) in
rollover type accidents.
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Figure 15: Overlay of barrier sizes and positions

Source: Author

Figure 16: IIHS (silver) vs FMVSS 214 (yellow) barrier faces

Source: IIHS
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In summary, side curtain airbags are an important counter-measure for protection of
occupants in side impacts, in particular for impacts with higher SUV type vehicles. It should
be noted that curtain airbags can also provide protection against head impacts with car
interior components such as B-pillars and help prevent full and partial ejection in rollover
type accidents.

Are older people more likely to get injured in a car crash?

It is well-known that one of the most important factors that affects a person’s risk of injury
in a car crash is their age, because of the reduction in biomechanical tolerance with age.
Schmidt et al. (1975) presented the difference in the degree of thoracic injuries by age
using data from crash tests at 40 km/h with cadavers in their twenties and sixties. More
recently, a study of thorax injuries in frontal impact crashes in Europe (Carroll et al., 2010)
found that:

 Older occupants (over 52 years of age) were 3.7 times more likely to receive an
AIS≥2 torso injury, and 2.8 times more likely to receive an AIS≥3 torso injury than
younger occupants (12 to 52 years)

 For front seat passengers the most serious injuries are to the chest and these are
mainly sustained by older women in low severity crashes

 Young occupants tended to receive skeletal injuries less frequently than the older
occupant groups.

For the United States, an investigation examining NASS-CDS cases found that age is the
greatest relative contributor to injury when compared to BMI and gender especially for
thorax and head injuries (Carter et al., 2014).

Woo Hong et al. (2013) also found that the thorax is the most vulnerable body region for
elderly drivers and recommended that seat belts and airbags should be designed to
improve protection against thoracic injuries in frontal collisions, for example by controlling
the load limiter of the seat belt and / or the airbag pressure and timing.

In summary, older people are more likely to get injured in a car crash because of their
lower biomechanical tolerance. This is particularly the case for thorax injuries in frontal
head-on accidents, many of which are related to seat belt loading.
To reduce this problem, improved restraint systems are needed. Ideally, these restraint
systems should adapt to the severity of the impact and reduce restraint loads in low
severity crashes in which many older women are injured. This couples with the need for
improved restraint systems to provide protection in impacts where there are higher
compartment decelerations in lighter vehicles in frontal impacts with heavier vehicles such
as SUVs.
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4. DISCUSSION OF POTENTIAL COUNTER-MEASURES
In this section potential countermeasures to address ‘VRU impact’ and ‘older car occupants
and impacts between different sized vehicles’ are discussed. It is important to note that not
all possible countermeasures were considered, because the focus was on those that are
technically feasible, likely to be affordable and that will give the greatest benefit with
respect to a regulatory cost benefit study. For example, Forward Collision Warning (FCW)
systems for ‘VRU impact’ are not included within the Advanced Driver Assistance Systems
(ADAS) discussed, even though when bundled with other systems, such as Autonomous
Emergency Braking (AEB), they may add to the performance overall and be affordable. This
emphasizes that it is important to ensure that any future legislation to implement potential
counter-measures discussed below is carefully written to ensure that it is not design
restrictive and allows a multitude of solutions. Vehicle safety regulation must be robust and
proportional, and not restrict manufacturers from exceeding the minimum performance
requirements it aims to establish.

4.1. VRU impact

4.1.1. Autonomous Emergency Braking (AEB)

Description and mitigation strategy

Ideally VRU collisions should be avoided, but if this cannot be achieved, reducing the
impact speed should be the central part of any injury mitigation strategy. Autonomous
Emergency Braking (AEB) combines sensing of the environment ahead of the vehicle with
the automatic activation of the brakes (without driver input) in order to mitigate or avoid
an accident. The level of automatic braking varies, but may be up to full ABS braking
capability.

First generation AEB systems, which are capable of automatically mitigating the severity of
two-vehicle (front-to-rear shunt) collisions, are fitted to an increasing number of current
vehicles. These systems are classified as ‘Urban AEB’ or ‘Inter-urban AEB’ depending on the
speed range at which the system operates. Current designs often offer both functionalities.

A further development stage (second generation) incorporates pedestrian-capable AEB,
which uses camera and radar/lidar data to detect pedestrians in critical situations and
activates the brakes autonomously. These systems are particularly applicable to situations
in which the driver is distracted from the driving task or where there is very little time for a
driver to react, because the vehicle can provide a faster response and braking action.

Feasibility

Vehicle-to-vehicle AEB systems are fitted by 12 manufacturers in Europe (optional on
approximately 20-50% of all 2013 vehicle models), with six offering it as standard on at
least one model.. Volvo fit the system as standard to seven models. Fitment currently
tends to be to vehicles at the higher end of the market. There has been strong support
from the insurance industry for low-speed AEB to avoid damage-only accidents and
whiplash injuries. Euro NCAP rewards fitment of vehicle-to-vehicle AEB in their safety assist
assessment and from 2016 will reward vehicle-to-pedestrian AEB too. Fitment rates to new
vehicles are therefore expected to rise in response to greater consumer awareness and
acceptance of AEB.
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Pedestrian-capable AEB was launched in 2013 and is increasingly being introduced into a
wider vehicle range. For example, the system  is currently offered by Volvo on seven
models and by Lexus and other manufacturers. Adding pedestrian functionality to an AEB
system is another step in the development of this system type, but requires additional
sensors (the Volvo system uses radar and a single camera) and additional processing of the
sensed information. Therefore, the costs of pedestrian systems are greater than that of
standard AEB system. Pedestrian-capable AEB will be tested and rated, and thereby
encouraged, by Euro NCAP from 2016 and the costs are expected to reduce as the fitment
rate increases.

Cyclist-capable AEB is not currently available on the market. Some current AEB systems
may detect cyclists, but they are not specifically designed to do so. Euro NCAP is planning
to encourage primary safety systems for cyclist protection from 2018.

Test procedures for pedestrian AEB are available: Two test procedures have been
developed by the European AsPeCSS project (www.aspecss-project.eu), one of which will
be used by Euro NCAP (Seiniger et al., 2015).

Encouragement of such systems using consumer information schemes may be an effective
way of increasing system fitment, but it is not clear how effective this will be at improving
standard (as opposed to optional) fitment.

Benefits and costs

The real-world effectiveness of pedestrian AEB systems is not known although the systems
are known to function well in low-speed test situations and are considered to have a
significant casualty benefit likely to be greater in magnitude than to car-to-car accidents,
because the vulnerable road user target population is biased towards fatal and severe
injury.

Edwards et al. (2013) and (2014) reported on benefits of three car pedestrian systems
(with AEB functionality) from research carried out by the European AsPeCSS consortium:

 Current generation AEB pedestrian systems 2013+.

o This system is representative of current systems.

 Second generation AEB pedestrian systems 2018+

o This system is representative of a future system with performance estimated
using expected improvements in system component performance such as sensor
performance and brake ramp.

 Reference limit AEB pedestrian system 2023+

o This system is representative of a system that has the greatest performance
technically feasible.

This analysis (based on in-depth data from GB and Germany) found that current AEB
systems could reduce fatal pedestrian casualties by 2.9-6.2%, serious casualties by 4.2-
4.4% and slight casualties by 2.2-4.4% (Edwards et al., 2013). An analysis by Hummel et
al. (2011) predicted more optimistic casualty reductions of 21% for fatal, 15% for serious,
and 44.5% for slight casualties in accidents involving cars and pedestrians.

Edwards et al. predicted improved benefits for second-generation systems and these
estimates were scaled to EU-27 level and are presented in the following tables. It is
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unknown how well current systems (either pedestrian or standard AEBS systems) detect
cyclists.

Table 2: Estimated GB pedestrian casualty reductions for current and future AEB
Systems (Edwards et al., 2013)

System
(Baseline
calculation)

Benefit compared to ‘no AEB system’

Fatal Serious Slight Avoided Value
£(m)

Current
generation
2013+

31 (6.2%) 234 (4.2%) 463 (2.2%) 728 £119

(13-61) (97-441) (107-873) (218-1,375) (£49-£229)

Second
generation
2018+

69 (14.1%) 495 (8.8%) 747 (3.6%) 1,311 £255

(31-102) (224-766) (319-1,550) (574-2,418) (£115-£394)

Reference
limit 2023+

98 (19.9%) 762 (13.6%) 1,532
(7.3%)

2,392 £385

(45-123) (341-981) (634-2,513) (1,019-
3,616)

(£172-£501)

Table 3: Estimated German pedestrian casualty reductions for current and future
AEB Systems (Edwards et al., 2013)

System
(Baseline
calculation)

Benefit compared to ‘no AEB system’

Fatal Serious Slight Avoided Value
£(m)

Current
generation
2013+

17 (2.9%) 374 (4.6%) 1,034
(4.4%)

1,424 €63

(7-36) (137-792) (331-2,381) (474-3,208) (€24-€135)

Second
generation
2018+

39 (6.7%) 788 (9.7%) 2,006
(8.6%)

2,833 €136

(16-60) (310-1,271) (681-3,191) (1,006-
4,522)

(€54-€218)

Reference
limit 2023+

57 (9.9%) 1,281
(15.8%)

3,455
(14.8%)

4,792 €216

(23-73) (497-1,673) (1,250-
4,598)

(1,771-
6,344)

(€85-€282)

Source: Edwards et al., 2013
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Table 4: Estimated annual benefit of pedestrian AEB system for EU27 excluding
Bulgaria and Lithuania (estimated by scaling GB and German benefit
estimates) (Edwards et al., 2013)

Pedestrian
AEB system

Monetary value (€ Billion, i.e. €*109)

GB Germany

Pessimistic Nominal Optimistic Pessimistic Nominal Optimistic

Current
generation
2013+

€ 0.46 € 1.09 € 2.11 € 0.31 € 0.82 € 1.77

Second
generation
2018+

€ 1.07 € 2.38 € 3.61 € 0.70 € 1.78 € 2.84

Reference
limit 2023+

€ 1.59 € 3.51 € 4.50 € 1.10 € 2.81 € 3.66

Source: Edwards et al., 2013

These results indicate that pedestrian AEB promises potentially very large casualty savings.
The benefit-to-cost ratio (based on the currently available cost data) is considered to be
less than one, although the magnitude of the absolute casualty benefit is very high.
Pedestrian AEB systems will share hardware and software with vehicle-to-vehicle AEB and
therefore the additional cost of pedestrian AEB may not be as great as current figures
suggest. Hardware and software costs are expected to reduce over time.

4.1.2. Intelligent speed assistance (ISA)

Description and mitigation strategy

The link between driving speeds and the likelihood of occurrence of injurious collisions, and
the importance of reducing the impact speed is a central part of any injury mitigation
strategy in VRU collisions. Therefore, ISA warrants a close consideration with respect to the
potential to prevent future casualties.

ISA describes a range of technologies which are designed to aid drivers in observing the
appropriate speed for the road environment. Two levels of control are considered for this
review: Advisory (alert the driver when their speed is too great) and voluntary systems
(the driver chooses whether the system can restrict their vehicle speed and/or the speed it
is restricted to). These systems provide a very effective strategy for reducing collisions and
injury severity, also, but not limited to, collisions with VRUs. Mandatory systems (where the
driver's speed selection is physically limited by an ISA system that cannot be switched off)
were not considered.

Feasibility

The system alerts the driver with audio, visual, and/or haptic feedback when the speed
exceeds the locally valid legal speed limit. The speed limit information is either received
from transponders in speed limit signs (a ‘beacon system’), or from a digital road map,
which requires reliable positioning information from GPS.

As the cost of technologies have decreased, GPS-based systems have emerged as the
preferred solution, mostly due to their superior flexibility, the potential to integrate ISA into
a package of wider “intelligent vehicle” technologies, and avoiding the need to set up a
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costly network of national beacons. However, GPS-based ISA systems need to surmount
the difficulties faced by GPS in general, such as interference from weather conditions, the
“urban canyon” effect (whereby the GPS signal can be lost between tall buildings in dense
urban environments), and so forth.

Many current vehicles are fitted with voluntary speed limiting systems which can be set by
the driver to ensure compliance with a particular speed threshold. However, the speed
limiter is set by the driver and is not linked to any digital map of speed limit information.

It is clear that the implementation of a mandatory ISA system would require an accurate
map of speed limits and would be likely to have a large effect on accident rates and offer
real economic gains; however, such a system may find it difficult to achieve public
acceptance. Some public surveys have highlighted a positive response: a MORI survey in
the UK in 2002 found 70% of those questioned would support ISA in urban areas.  Offering
ISA as an option on new vehicles before gradually moving to a mandatory stage may help
overcome this difficulty.

In terms of feasibility for current fleets, a study conducted for TfL suggested an ISA
scheme could be implemented across its fleet within 24 months (Jamson et al., 2006).
Several predictive studies claimed that the fitment of ISA could be increased. For example,
a Swedish report speculated that at least 80% of vehicles could be equipped with ISA by
2020 (Vägverket, 2002). Furthermore, work completed for the DfT by Carsten and Tate
(2005) proposed that by 2019 the use of ISA could be made mandatory and a strategy for
achieving this was outlined.

Across Europe, between 60% and 75% of drivers who have tried out ISA technologies said
they would like to have the system in their own cars (Peltola and Tapio, 2004).
Furthermore, Almqvist and Nygard (1997) found that 73% of drivers reported being more
positive towards ISA after using it than before. Other examples of positive feedback on ISA
come from Sweden, where more than 10,000 people have tested ISA, one in three test
drivers would have been prepared to buy the so-called ‘active accelerator’ ISA, and one in
two would have been ready to pay for a sound warning system (Vägverket, 2002). The
technology cost of ISA is considered to have reduced since this time, so the proportion of
the public willing to pay may now be greater.

Benefits and costs

The main benefits of ISA are reduced speeds, which result in fewer accidents and reduce
the injury risk for those that do occur.

Reagan et al. (2013) found that drivers of ISA-equipped vehicles spent more time during a
field test of 50 participants travelling at 70 mile/h (113 km/h) or lower (54.8%) compared
to the control group (48.8%). This effect leads to fewer (and less severe accidents). Many
studies have found that the presence of ISA had positive effects on accidents and injuries:

 Carston and Tate (2005) found that "...a simple mandatory system, with which it
would be impossible for vehicles to exceed the speed limit, would save 20% of injury
accidents and 37% of fatal accidents. A more complex version of the mandatory
system, including a capability to respond to current network and weather conditions,
would result in a reduction of 36% in injury accidents and 59% in fatal accidents.”
These estimates were made by combining research from a number of European
countries. The predicted percentage decreases in accidents imply savings of over
€20 Billion per annum in the EU28.
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 Biding and Lind (2002) reported that in a trial of several thousand vehicles in
Sweden, mean speed, standard deviation of speed, and speed violations were
reduced.

 Based on data from the UK, Lai et al. (2012) predicted that mandatory ISA would
reduce number of fatal accidents by 30% and serious accidents 25%. Both
mandatory and voluntary ISA were predicted to reduce CO2 emissions by 5.8% and
3.4% respectively on roads with speed limit of 70 mile/h (113 km/h).

 The SafeCAR project in Australia predicted on the basis of data collected from 23
drivers (15 equipped, 8 control) travelling at least 16,500 miles (26,400 km) that
there could be 20% fewer road injuries in urban areas (Regan et al., 2006).

 Data from field tests in the UK involving 79 drivers over a six-month period showed
that a voluntary ISA system reduced driving speed by about 5% (Lai and Carsten,
2008). The authors estimated that this system has the potential to reduce the
number of fatalities by 2.1-10.7%, fatal accidents by 1.7% - 8.7%, and serious
injury accidents by 0.7-3.6% depending on the expected market penetration
between 13-65% in 2016 and the quality of implementation.

 Wilkie and Tate (2003) used UK data to predict accident reductions ranging from
8.4% for an advisory-based system, to 30.2% for a mandatory system. These
authors also found that a local ISA system with a 15km radius would have 84% of
the effectiveness of a national ISA system. Assuming that beacon based ISA
systems would have to be introduced region-by-region, this report investigated what
safety improvements could be achieved by the use of local systems.

Other benefits come from the more efficient control on the throttle (which, at higher
speeds, leads to improved fuel economy and fewer CO2 emissions and other tailpipe
emissions) and reduces costs associated with traditional police enforcement of speed limits
and could replace costly physical measures currently used to obtain speed compliance (for
example, speed cameras and motorway policing).

Several studies found that advisory ISA systems were overridden more frequently in urban
areas (Saint Pierre and Ehrlich, 2008). This suggests that mandatory systems might be
more effective for young drivers and Young et al. (2010) found evidence in a simulator
study involving 30 drivers that inexperienced drivers benefited more from ISA systems.

A cost-benefit analysis of ISA was performed by Carsten and Tate (2005) which produced
ratios of 7.9 to 15.4 depending on the type of ISA system considered; mandatory ISA yield
the greatest benefit to cost ratios, or to quote “…i.e. the payback for the system could be
up to 15 times the cost of implementing and running it.”

Other studies have also found benefit to cost ratios in excess of one and consistently show
that the benefits substantially outweigh the costs of ISA implementation. The benefit-to-
cost ratios for mandatory ISA predicted for six EU countries range from 2:1 to 4.8:1, taken
into account a period of 45 years from 2005 to 2050. However, this depends strongly on
the implementation scenario (Carsten, 2005).

The current situation is similar to that in 2005 in terms of ISA implementation, so the
potential benefits are likely to be of a similar size. However, as the cost of technology
reduces, and more cars are equipped with navigation systems as standard, the costs of ISA
implementation are considered by TRL to have reduced over time. This has the effect that



The impact of higher or lower weight and volume of cars on road safety, particularly for vulnerable users
____________________________________________________________________________________________

51

the estimates made by Carsten (2005) and Carsten and Tate (2005) may underestimate
the benefit to cost ratio.

These results show that ISA promises large potential casualty savings and is likely to be
cost-beneficial at a societal level in the European Union.

4.1.3. Improved A-pillar and windscreen frame protection

Description and mitigation strategy

The above considerations regarding the importance of the rigid A-pillar and windscreen
frame areas in injury causation in pedestrian and also specifically cyclist collisions warrant a
close consideration of windscreen airbags to protect or pad these areas in the event of a
collision.

In light of the primary collision avoidance and mitigation systems discussed in other parts
of this report (such as AEB) it is important to stress that research is in broad agreement
that further improvements to secondary safety will still be essential (Hamacher et al.,
2011). This is, firstly, because the collision avoidance systems cannot and will never be
able to avoid all VRU collisions and, secondly, because a combination of primary and
secondary systems has been shown to have a considerably increased effectiveness
compared to either solution on its own (Fredriksson and Rosén, 2012), (Fredriksson et al.,
2015).

When developing the test procedures used in regulatory testing now some important
vehicle parts with respect to VRU protection, like the windscreen and A-pillars, were
deliberately not included in the mandate of EEVC Working Groups. Whilst the centre of the
windscreen may be safe, the glass towards the edge of the screen may not break at the
same load. Also, at the base of the windscreen, it is likely that the head of a VRU would
penetrate the glass sufficiently to contact the dashboard fascia underneath. The windscreen
frame itself is very stiff to pedestrians, because it is an important load-bearing part of the
vehicle’s structure. Therefore impacts to the windscreen frame and around the edge of the
windscreen can be considered to represent significant gaps in the protection assessed by
the current legislation (Hardy and Carroll, 2008).

Windscreen airbags, also called A-pillar airbags or pedestrian airbags, are deployable, U-
shaped bags mounted outside the passenger compartment of a car. These systems provide
padding of the stiff A-pillar structures, the lower windscreen area and the lower windscreen
frame and cowl area during a pedestrian or cyclist impact. Sensors in the bumper detect a
VRU collision which triggers deployment of the windscreen airbag, usually, after
simultaneous activation of a deployable bonnet via a release of the rear bonnet hinges.

Feasibility

Windscreen airbags present some specific engineering challenges, including packaging
issues in the cowl or windscreen wiper recess area, and complex design and folding of the
airbag itself in order to deliver the complex functionality of opening a lid and pushing the
bonnet up in the short amount of time available (Jakobsson et al., 2013). Acknowledging
these challenges, windscreen airbag systems have been shown to be technically feasible:
Systems are being offered in production vehicles, firstly introduced in the Volvo V40 in
2012. However, it doesn’t seem as though this technology is set for widespread adoption
without specific encouragement, because manufacturers are concentrating on collision
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avoidance systems. Newer airbag designs offer increased energy-absorbing distances
without increasing the airbag volume (Fredriksson et al., 2015).

Systems also covering the upper windscreen frame, i.e. the roof front edge, an aspect of
particular importance for cyclist protection, are not available in production yet but have
been analysed for their theoretical effectiveness (Fredriksson et al., 2015). The technical
feasibility of developing such systems is not known.

The available airbag system makes use of a U-shaped design protecting the cowl area and
the lower A-pillars. In its deployed state, this can create a substantial obstruction to
forward vision. This could be a problem if it substantially affected the likelihood of a
secondary collision occurring, after the airbag had deployed. No studies are available on the
real-world relevance of this issue and while these concerns should not be ignored entirely,
it is reasonable to assume that the benefits of windscreen airbags largely outweigh the
potential dis-benefits in this regard.

Any type-approval legislation on VRU windscreen protection would be performance-based,
i.e. not prescribe a specific design solution. Because the A-pillars are stiff structures as part
of their functionality in increasing the passenger compartment strength, it will not be easy
to meet a stringent performance requirement without adopting a deployable protection
system, such as a windscreen airbag. Further research might be needed before it is feasible
to develop suitable legislative requirements.

Benefits and costs

For pedestrian collisions, Fredriksson and Rosén (2014) found that an airbag system that
offers protection for A-pillars could have an effectiveness of 20% at preventing severe head
injuries. A second generation system providing a thicker energy-absorbing area and thus
being more effective at higher speeds could increase this effectiveness to 30%. Finally, an
integrated system together with AEB was shown to be able to increase effectiveness to
64%.

The windscreen and its periphery become more important as an injury causing contact
when including head contact points for cyclists as the second big group of vulnerable road
users after pedestrians (Zander et al., 2013). For cyclist protection, Fredriksson et al.
(2015) found similar results to their pedestrian study. A basic windscreen airbag system
(integrated with a deployable bonnet) could prevent 21% of severe head injuries in cyclists
(95% CI, 10-34%). A second generation system providing a thicker energy-absorbing area
and thus being more effective at higher speeds could increase this effectiveness to 28%
(95% CI, 14-45%). A theoretical third generation system that also protects the upper
windscreen frame (roof edge) could be 38% effective (95% CI, 24-54%). Integrating this
system together with AEB could increase effectiveness to 62% (95% CI, 47-76%).

In a recent review of available evidence for better head-to-windscreen protection, Hynd et
al. (2015) concluded that the overall casualty reductions across Europe could be in the
region of 500 fatalities and 11,000 seriously injured per annum when full fleet-fitment in all
passenger cars was achieved. These numbers include benefits from an assumed more
compliant design of the windscreen itself.

With regard to fitment costs, it is understood that, currently, a windscreen airbag is roughly
twice the cost of a passenger airbag or inflatable curtain. If produced at the same volumes
as a passenger airbag or curtain, these costs may fall but are likely to remain slightly more
expensive than occupant protection bags due to their larger size.
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The expected benefit-to-cost ratio reported by Hynd et al. (2015) lies in the range of 0.25
to 1, so currently it may not be cost-beneficial. Nevertheless, if the number of VRU
casualties in Europe, including both pedestrians and cyclists, shall be further reduced, the
large potential casualty savings offered by improved A-pillar and windscreen frame
protection, such as windscreen airbags, should not be ignored.

4.1.4. Improved bonnet leading edge design for upper leg, pelvis and thorax
protection

Description and mitigation strategy

The above considerations regarding the prevalence of injuries to thorax and pelvis, in
particular, but not limited to the elderly, warrant consideration of increased efforts for
secondary thoracic and pelvic protection in the front structure design of vehicles. There are
indications, also discussed above, that this might be of particular importance for vehicles
with a high bonnet leading edge, such as SUVs.

Note that the comments in the preceding section highlighting the continued importance of
improved secondary VRU safety in times of collision avoidance and mitigation systems are
equally applicable to this section.

When the legislation for pedestrian protection was implemented there were concerns from
the automotive industry that the upper legform protection criteria proposed by EEVC
Working Groups were not feasible. As a result, these tests, which are relevant for upper leg
and pelvis to bonnet leading edge (BLE) protection, were included for monitoring purposes
only. Since, sufficient progress might have been made so as to make these tests
sufficiently feasible for mandatory application.

The properties and solutions needed on a vehicle design level to provide pedestrian
protection in the area of the BLE are:

 Sufficient crush depth: Whilst there may be sufficient depth before immovable
objects such as the engine are struck, most current cars have other features in the
BLE area which limit the available crush depth, such as headlamps and upper cross
member including the bonnet lock and upper fixing for the cooling pack.

 Appropriate deformation stiffness: Traditional angular BLEs (with a small radius of
curvature) are likely to have a high stiffness. A more curved shape on the front edge
would avoid localised stiff areas around the BLE and may also improve force
distribution during the impact event. However, with close underlying support from
the upper cross member, again the stiffness may be too high.

Feasibility

As described above, the upper legform to BLE test is performed for monitoring purposes as
a part of the type-approval process in order to assess whether passing the BLE test has
changed in feasibility since the introduction of the pedestrian protection legislation.

It is not expected that since this test was adopted for monitoring purposes that there have
been any fundamental design changes for cars which now makes it feasible to design to
pass this test. Nevertheless, with developments in composite materials there may be scope
for tuning some of the stiffness in the BLE region. Also, for new vehicles with alternative
powertrains, such as electric vehicles, there may not be the same design pressures to have



Policy Department B: Structural and Cohesion Policies
____________________________________________________________________________________________

54

hard immoveable parts within the engine bay. This may also offer some scope for improved
pedestrian protection around the BLE. However, for the majority of cars produced today,
there has not been a step change in design which would now ensure the upper leg and
pelvis test is feasible. It is expected that the results from the monitoring tests support this
assertion.

A study by TRL (Hardy et al., 2007) undertook to review research pertinent to protection of
pedestrians and other VRUs. From this review recommendations were made as to how the
Regulations might be updated in the future and what additional work was needed to
achieve this. With regard to the bonnet leading edge test, the TRL study concluded the
following:

 A number of accident studies have reported a considerable reduction in the injuries
caused by the bonnet leading edges of cars of modern design.

 Studies have also reported that the EEVC WG17 upper legform to bonnet leading
edge test fails most current cars, effectively predicting high injury risks that are
inconsistent with the accident data for recent car designs.

 The upper legform impactor and the bonnet leading edge test have been criticised
by experts for their lack of biofidelity. However, it has not been demonstrated
whether poor biofidelity is the cause of the high predictions of injury risk.

The study recommended that a new or revised bonnet leading edge test should be
developed for legislative use and that accident data should be used to determine the scope
of vehicles that should be tested and to ensure that vehicles that don’t cause real world
injuries are not failed by the test. Several options were considered in the study – including:
modifying the current upper legform impactor and the bonnet leading edge test procedure,
or developing a completely new impactor – however, the point was made that the issue of
acceptability must be taken into account due to the difficulties and high costs of any option,
and that the relevant working groups must be involved in development.

A check of the latest test results published on the Euro NCAP internet site revealed varying
levels of protection in the BLE area. Of the 16 vehicles considered, six scored no points for
the upper legform testing. It should be noted that the Euro NCAP procedure currently uses
the same impact conditions as Commission Regulation (EC) No 631/2009. A test score of 0
would indicate that none of the test sites passed the criteria for the sum of the impact
forces to not exceed 5.0 kN and the bending moment to not exceed 300 Nm. These are
also the same criteria as specified in Regulation (EC) No 78/2009.

A further nine of the vehicles had upper legform scores in the range from 0.4 to 5.2 points.
This indicates that at least one of the test sites would have a bending moment less than
380 Nm and a sum of forces less than 6.0 kN. In addition, there was one vehicle which
scored the maximum six out of six points for the upper legform testing. This was the
Maserati Ghibli. Scoring the maximum for the BLE tests indicates that all test sites passed
the thresholds in Regulation 78/2009.

Benefits and costs

The upper legform to BLE test was developed on the basis of accident data and
reconstruction tests involving vehicles that generally had much squarer profiles than the
more rounded profiles of current car designs. Since then, a number of accident studies
have reported a considerable reduction in the injuries caused by the BLE of cars of modern
design. For instance, Lubbe et al. (2011) cite data from the German In-Depth Accident
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Study (GIDAS). Given that the EEVC WG17 upper legform to BLE test fails most current
cars, effectively predicting high injury risks, this seems inconsistent with the accident data
(Japan Automobile Research Institute, 2004).

In spite of this, pelvis, hip and femur injuries are still seen in Hospital Admission data
(Cookson et al., 2011). They are particularly prevalent amongst the older pedestrians and
primary injuries to the hip and thigh were associated with the longest mean and median
duration of stay in hospital. However, it is not necessarily the case that these injuries are a
result of contacts which could be addressed by the upper leg and pelvis test procedure (e.g.
they could result from the pedestrian hitting the ground rather than the vehicle contact).

It has been observed that the height of the BLE may influence the incidence of upper leg
and pelvis injuries, with those injuries becoming more of an issue for vehicles which have a
higher BLE than small passenger vehicles (Roudsari et al., 2005). Based on US accident
data, these authors noted that the leading causes of injury for an adult pedestrian with
light-truck vehicle crashes were the ground for head (39%) and upper extremity (37%)
injuries and the BLE for thorax (48%) and abdomen (56%) injuries. This suggests that for
SUVs, like the US light trucks, the bonnet leading edge could be important when
considering pedestrian thoracic and abdominal injury risk. (However, note in this context
the potential differences in design between European SUVs and US LTVs as discussed in
more detail in a previous section in the context of whether SUVs are generally more
aggressiveness than passenger cars.) These body regions have typically not been included
in the accident analyses when considering the injuries caused by the BLE in European
studies. However, it could be important to include them assuming that countermeasures
made to improve the safety of the BLE for the pedestrian pelvis and upper leg might also
be useful for the thorax and abdomen. It is suggested that if it could be shown that the BLE
test is capable of driving improvements in this region which could reduce thoracic and
abdominal injury risk, then the accident data should be reviewed to see such injuries
attributable to the BLE could be mitigated in the future.

As Euro NCAP moves away from testing the BLE to testing a particular wrap around
distance (WAD), the potential arises for there to be an untested region between the top of
that assessed in the upper legform test and the lower boundary of that assessed with a
headform impact. This region would lie between a WAD of 930 mm (WAD 775 at the centre
of the upper legform impactor plus half the legform’s height) and WAD 1000 mm (at which
point the child headform tests start). This region matches the 50th percentile stature of
children 3 to 4 years old (Zander, 2014). To monitor the potential for a BLE in this untested
area to cause injuries to body regions other than the upper leg and pelvis, it has been
proposed to introduce a headform test to the BLE under certain circumstances. As from
2015 onwards, this test will be conducted for Euro NCAP for monitoring purposes only (Euro
NCAP, 2014). However, whilst not included in the pedestrian protection score, the results
are to be published on the Euro NCAP website alongside the other pedestrian test results.

In the absence of appropriate injury risk estimates from an accepted test method, it is
difficult to predict the effectiveness of legislating pedestrian protection in the BLE region.
However, a concern has been raised by stakeholders that if there was no upper legform
test to the BLE area any more, this area will become stiffer and harder and will cause more
injuries in future. This may be exacerbated  because of new SUV designs with high
bumpers and leading edges and because of the increasing number of sensors and
associated components (e.g. for forward-looking object detection systems) that have to be
placed somewhere in the vehicle front.
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Hardy et al. (2006) made vehicle component cost estimates for design adaptations to meet
the requirements (if feasible): The researchers assumed that zero cost would be
apportioned by passenger car manufacturers during the design process for the BLE as that
test was already being considered for monitoring purposes only. However, two years
earlier, Lawrence et al. (2004) had included costs for providing pedestrian protection in the
BLE area. The assumed costs were derived on the basis of proposed modifications required
to make a typical car from each segment meet the requirements with respect to upper leg
and pelvis protection. The modifications were then described to an engineering firm who
provided a cost per piece and for tooling. These costs were multiplied for the number of car
types in each segment (tooling) and the number of cars in each segment (per piece) and
summed to provide an overall European cost. It should be noted that the costs per vehicle
were given as a total for all pedestrian protection measures, not just the BLE modifications.
However, comparing the changes from the costs with upper leg protection and the costs
without upper leg protection can provide this number. In total, removing the BLE protection
reduced the European costs (for the 2006 fleet and euro value) by €34,400,000.

In summary, due to the small numbers of pelvis and upper leg injuries caused through
pedestrian accidents with modern cars and the limitations of the existing test procedure, it
is unlikely that any protection measure will be cost-beneficial. However, this should be
reviewed if either a new procedure is accepted or if the existing procedure can be shown to
offer benefit for thoracic and abdominal injuries as well as pelvis and upper leg injuries. As
an estimate, an upper legform and pelvis benefit to cost ratio is likely to be less than 0.9,
with the exact value depending on effectiveness of the measure and countermeasures.
Nevertheless, if VRU protection shall be improved with a particular focus on the elderly or
with a focus on large vehicles, such as SUVs, this measure should be further investigated.

4.1.5. Reversing cameras

Description and mitigation strategy

The above considerations regarding occurrence of ‘back-over’ accidents might warrant an
encouragement of reversing camera fitment.

These reversing cameras are linked to an in-car screen and thereby increase the rearward
view to aid drivers to detect people behind reversing vehicles. Particularly vulnerable in
these situations are short, crouching and slow moving people, especially children and the
elderly. Cameras can be fitted at one or multiple points at the rear of the vehicle. These
can show an image of the area directly behind the vehicle for the driver to use while
reversing. In the USA, it will become mandatory for vehicles under 4.5t manufactured after
May 2018 to have a minimum rearward visibility which will in most vehicles be fulfilled by
reversing cameras.

Read (2014) states that IIHS studies have found rear-view cameras are better than
alternative sensor-based solutions (such as radar) at identifying objects in a vehicle's path
(IIHS, 2014). In a test with 21 vehicles, the blind zone was reduced by 90%. This was
reduced further by a small degree when both cameras and radar were used. The report
goes on to clarify that "Rear-view cameras didn't prevent all collisions, even when properly
used. When the stationary object was in the shade, for example, nearly every driver who
looked at the display still hit it. In the real world, weather and lighting conditions would
likely affect the usefulness of cameras." Camera systems rely on the driver using the
information effectively.
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Feasibility

Reversing cameras are offered on the market for a variety of car models. These systems
are often marketed as parking aids or parking sensors, rather than pedestrian safety. For
day-to-day use when parking they can help to reduce the likelihood of damage to the
vehicle.

Test procedures to require improved rear visibility have been developed in the USA. The
required view by the US rule 49 CFR Part 571 (NHTSA, 2014) as shown in Figure 17 is a
zone ~3 by 6 meters (10 by 20 feet) directly behind the vehicle. Previously, passenger
vehicles only required a rear view mirror to provide a view from 61 meters to the horizon
(FMVSS No. 111). The ruling stipulates that this old requirement has not changed; one
being a requirement for rearward vision for driving, while the new requirement is for
reversing.

Figure 17: The four test procedures used in US legislation to assess a car’s
pedestrian protection

Source: NHTSA, 2014

The US ruling states that cameras meeting the regulatory requirements (e.g., rear view
video systems) consistently outperform other rear visibility systems (e.g., sensors-only or
mirror systems) due to a variety of technical and driver-use limitations in those other
systems. It goes on to say that: "Rear visibility systems meeting the requirements of
today’s rule are the only systems that can meet the need for safety specified by Congress
in the K.T. Safety Act (the back-over crash risk) because the other systems afford little or
no measureable safety benefit."

Although the US study specifies a camera system, a performance requirement (which is
non-technology specific) would be preferable. Alternatively, a minimum viewable area and
quality of view could be defined. An assessment of national statistics in Europe would be
required to take into account the situations causing the majority of casualties. For an
assessment method to be developed the distance between the pedestrian and vehicle
before reversing started may be needed as would the driving direction (i.e. turning); this is
highly unlikely to be recorded with a statistical significance in any of the main accident
databases.

It should be noted that NHTSA (2006) originally took the same view (Public Law 110–189,
110th Congress), but concluded that the only option currently able to fulfil all requirements
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was a rear view camera including specific requirements on luminance of the screen, image
size, image response time, and system start up time etc.

A first step to encouraging reversing detection systems via Euro NCAP would potentially be
feasible. The award 'Euro NCAP advanced' aims to encourage the development of any
safety system and could be used as a route to encourage the fitment.

Benefits and costs

There are many beneficial areas for this concept.

 Mitigation of pedestrian injuries and deaths

 Mitigation of damage to the vehicle, surrounding vehicles and other objects while
parking and reversing

 The same technology can give benefits for:

o Mitigating rear end collisions of injuries from them

o Mitigating lane change collisions

 These savings could all cascade into reduced insurance costs

Specific casualty savings for the European Union by reversing cameras cannot be estimated
due to a lack of applicable accident data. An initial TRL review of the benefit to cost ratio
(BCR) of reversing cameras concluded that in terms of safety alone, the BCR for Europe is
likely to be less than one (Hynd et al., 2015). Independent from the installation of
reversing cameras, an increasing proportion of cars are fitted with multifunctional
infotainment screens. This will reduce the marginal costs for fitment of reversing cameras
considerably in the future. The casualties associated with these accidents (i.e. children)
mean that a case for reversing cameras could be made even if the BCR was lower than
one. Further research into the European accident situation would be required on this item.

4.1.6. Lane keeping assist (LKA)

Description and mitigation strategy

In order to protect VRU, including road maintenance workers who are injured or killed while
alongside main roads by vehicles departing the main carriageway, encouragement of lane
keeping assist systems (LKA) should be considered.

LKA helps the driver to stay in their lane and are an advancement of functionality from lane
departure warning systems (LDW). They function at speeds typically from 65 km/h by
monitoring the position of the vehicle with respect to the lane boundary (typically via a
camera mounted behind the windscreen sited behind the rear view mirror) and applying a
torque to the steering wheel or pressure to the brakes when a lane departure is about to
occur. The level of torque varies from system to system. In some cases, the intervention is
intended to suggest the corrective action to the driver, without altering the vehicle
trajectory. In other cases, the intervention is sufficient to prevent the vehicle leaving the
lane. If a deliberate steering input is detected that might be associated with an intended
lane departure, or if the indicators are activated, the system deactivates. For some
systems, LKA deactivates if no driver steering input is detected over a period of time so
that the driver cannot drive using relying on the system to maintain the vehicle in the lane.
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LKA systems can typically be switched on and off by the driver and the system retains the
last status at the start of the subsequent journey. Therefore, if the driver switches it off,
then no benefit is realised. The camera system is used to detect the road boundary
markings and so in some circumstances detection can be impaired, for example, in
conditions of very low contrast (e.g. driving into glare), or where the road markings are
worn or covered by dirt, debris or snow. The camera is sited in a location within the
windscreen swept area in order to keep the sensor view unobstructed, but performance of
the system is dependent on windscreen condition.

The target population of LKA is made up of collisions that usually occur because of driver
distraction or fatigue and can result in a range of accident configurations, including:

 Head-on collisions - vehicle leaves its lane unintentionally and collides head-on with
oncoming vehicle. These accidents are most likely to occur on single carriageway
roads.

 Leaving roadway collisions –vehicle drifts out of the travel lane. These are often
single vehicle accidents potentially involving impacts with roadside furniture and can
include roadside workers and other pedestrians. Other vehicles may be involved,
however, because they have been required to react to the initial lane departure
event.

 Side-swipe collisions – when the vehicle of interest unintentionally leaves the lane in
which they are travelling on a road with multiple lanes, the side of the vehicle of
interest could collide with the side of a vehicle that is travelling in an adjacent lane.
There is also a possibility of an impact between the front of one vehicle and the rear
of the other.

Feasibility

The market penetration of lane change assistance systems is currently low because very
few vehicles are equipped with lane keeping assistance and when it is offered it is as an
optional extra. However, systems are offered currently by many of the major
manufacturers: e.g. Audi, BMW, Ford, Toyota, VW, Skoda, Honda, Lexus etc. but the actual
uptake of the optional extras is unknown, but is assumed to be low because the optional
packages that contain this feature are expensive.

Lane support systems rely to a large extent on the presence of road markings, although
some systems are capable of detecting road edges without lane markings. However, in the
majority of cases, performance (and subsequent benefits) will be negatively affected by
missing, worn or obstructed line markings. Road markings are already required on
European roads (although the types of marking differ between countries). If regulated,
systems should be able to detect any road line marking system and the benefits attainable
could be affected by levels of maintenance of the road lines within each country.

Drivers' acceptance of lane keeping assistance could be a barrier to implementation (or
continued activation) of these systems while they remain an optional feature. Driver's
acceptance in the long term is likely to be influenced by their perception of the benefits to
their safety.

Euro NCAP will assess and thereby encourage LKA systems from 2016. This action might be
expected to result in an increase in voluntary fitment.
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Benefits and costs

As part of the Euro NCAP rewards, car manufacturers predicted that LKA systems could be
effective in approximately 50% of all lane departure accidents that result in fatal or serious
injury. This effectiveness is comparable with the upper effectiveness estimates made by
TRL for LDW/LCA systems (Visvikis et al., 2008). This equates to over 3,500 EU fatalities
and over 17,000 serious casualties per annum in the European Union.

Retrospective insurance data from US shows some evidence for increased average claim
rates for some equipped vehicles, although the 95% confidence intervals for collision
frequency and property damage spans zero (HLDI, 2012). Bodily injury liability shows
marginal deceases (-2.8%) but the confidence intervals were very wide (-56.7% to
118.3%) (HLDI, 2012). For this data, whether the driver had switched the LKA off is
unknown, so the benefit might be accurate or considerably underestimated.

OEMs predict a reduction of up to 5,000 fatalities and 40,000 serious casualties per annum
in EU for full fleet fitment. Visvikis et al. (2008) estimated up to 3,447 fatal, 17,108 serious
and 22,309 slight per annum in EU.

OEM system costs are unavailable. Consumer costs are difficult to disaggregate from other
packaged systems (some of which share hardware etc.). Packaged systems that include
LKA are offered as an option for €480-€660.

Benefit to cost ratios predicted by European studies are 1.7-2.1 (COWI, 2006) (Abele et al.,
2005). TRL research predicted BCR of 0.13 to 4.18. Greater effectiveness of LKA (compared
to LDW) may result in BCR being towards upper range of estimate.

These results show that LKA promises large potential casualty savings, mainly amongst
vehicle occupants, but also protecting VRUs, and is likely to be cost-beneficial at a societal
level in the European Union.

4.2. Older car occupants and impacts between different sized
vehicles

There are two possible fundamental approaches to resolving the problem of impacts
between different sized vehicles. The first is to make the vehicle masses and sizes more
even and the second is to improve protection, in particular for the occupants of the smaller
(lighter) vehicle, and improve crash compatibility.

In this report the emphasis is placed on the second approach because:

 Although simple physics says that if all other things are equal you are safer in a
heavier vehicle compared to a lighter vehicle, studies have found that all other
things are rarely ever equal and vehicle design has a major influence, for example
how well stiff structures in the two vehicles are aligned (structural interaction) and
the presence of safety equipment and interior padding (Wenzel and Ross 2008).

 The authors believe that it could, possibly, offer greater benefits, because it can help
address other issues as well, such as the lower bio-mechanical tolerance of older
people who are becoming a larger proportion of the population.

 The authors also believe that there will always be a need for vehicles of different
sizes (masses) on the road, because of the different functions that they need to
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fulfil, and so the second option offers, perhaps, a more palatable and pragmatic
solution.

4.2.1. Adaptive restraint systems for frontal impacts

Description and mitigation strategy

Improved restraint systems are needed to address the both the underlying problems
described above, namely the larger compartment deceleration pulse that will likely be
experienced in frontal crashes when a lighter car is impacted by a heavier car, e.g. SUV,
and better protection for older more vulnerable occupants in particular for the thorax in
lower severity impacts. Ideally, these systems should be adaptive and provide optimum
protection, in particular for the thorax, for the full range of accident severities. They could
also optimise protection for occupants of different sizes. In principle, by doing this,
protection for the elderly, who are less biomechanically tolerant, would also be addressed
because the adaptive system should offer the best protection, i.e. lowest loading regime,
for the occupant irrespective of age. This should reduce the injury risk for all occupants,
with possibly the reduction being greater for the elderly depending on the particular injury
and change in the relation of injury risk to loading with age.

On behalf of NHTSA, (Cassatta et al., 2013) performed an ‘Advanced Restraint Systems’
project to evaluate the potential benefit of using pre-crash information associated with two
unique crash configurations (one vehicle-to-vehicle scenario and one vehicle-to-object
scenario) to tailor an advanced restraint system to the occupant and crash type. An overall
occupant injury reduction benefit with a tailorable advanced restraint system was
demonstrated for both test modes at the higher impact speeds; whereas for the lower
speed conditions, the baseline versus advanced restraint system performance was
comparable with an overall benefit not clearly shown.

However, it should be noted that the baseline vehicle performed well and was the only
vehicle architecture evaluated. Thus, the applicability of the results to other vehicle
architectures across the fleet was unknown. Also, during development vehicle
manufacturers consider structural response, compartment / occupant packaging and
interior component construction, and these are tuned coincidently for several crash modes
with the restraint performance tuned and optimized accordingly. Thus, the “retrofitting” of
hardware onto the existing project vehicle architecture may have limited the estimate of
the potential benefit of the restraint system configurations evaluated. Significantly more
research of test and field data and analysis of baseline vehicle restraints systems available
to consumers today are necessary to extrapolate and predict overall real-world benefit
potential with advanced restraint systems.

In summary, advanced adaptive restraint systems appear to have the potential to mitigate
the problem of deceleration related restraint injuries and protection for the thorax and
elderly. However, further work is required to develop these systems, in particular the link
between the restraint system and the pre-crash / accident avoidance system, and to
estimate their potential benefit.

Feasibility

The most common components in frontal impact restraint systems are seat-belts, driver
steering wheel or passenger airbags, belt pretensioners and belt load limiters. These may
sometimes be supplemented by systems such as knee airbags, anti-submarining airbags in
the seat base, and buckle clamps (which prevent load being transferred between the lap
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and shoulder sections of the seat belt). Some vehicles also include steering columns that
can move forward to give the driver more space, enabling the driver to be decelerated
more gently over a longer distance.

Driver steering wheel and front seat passenger airbags may be single-stage or dual-stage.
The latter allows the airbag control system to deploy the airbag in a more or less vigorous
manner and is typically used to give a lower airbag inflation force if an out-of-position
occupant is detected. In addition, more precise control of airbag volume and inflation force
can be used to tune the airbag for different occupant sizes and positions.

Richert et al. (2007) show a DaimlerChysler concept for a ‘Continuously Adaptive Restraint’
airbag that has: continuously variable shape and volume appropriate to each seat position;
increased mass flow for faster airbag inflation and therefore earlier coupling with the
occupant; and variable venting to adapt the airbag damping characteristics to ensure that
all of the available deceleration space is used to stop the occupant in a smoother fashion.
In simulations, large reductions in head accelerations were observed for 5th percentile
female, 50th and 95th percentile male occupants, with modest reductions in chest defection
for the larger occupants, at a US-NCAP collision severity.

Load limiters are typically used to control the maximum force in the shoulder belt in order
to reduce the risk of shoulder and thorax injuries from the belt loads. Again, many load
limiting options are available, in terms of both the load limit that is set and the technology
that is used to achieve it. Load limiters in modern vehicles typically give a maximum belt
force of 5-6 kN, and may be set as low as 4 kN. The load limit may also be adjustable and
various mechanical systems are available to give a pre-programmed load limit that varies
with belt payout, or a load limit that can be varied in response to the collision severity
(Sieffert and Wech, 2007).

Studies such as Hynd et al. (2012) demonstrate that adaptive restraint systems are
feasible. However, further research is needed to determine how adaptable these systems
can be made, such as how much they can be tuned to accident severity and how reliable
information can be obtained about the severity of the accident about to occur to tune them.
One potential route is to use information from pre-crash / accident avoidance systems.

The other aspect of feasibility is how to ensure the adoption of adaptive restraint systems
assuming that the technical issues described above are resolved. Hynd et al. (2012)
indicate that at least two legislative tests (or an equivalent, i.e. sled tests or numerical
analysis (CAE)) at different accident severities are needed.

Benefits and costs

The FIMCAR project (Johannsen, 2013) estimated that the benefit for the introduction of
measures to reduce deceleration restraint-related injuries, i.e. introduction of adaptive
restraint systems, would be prevention of between 5% and 11% of killed and seriously
injured car occupant casualties. The FIMCAR project also calculated break-even costs by
dividing the monetary value of the benefit by the number of new cars registered per year.
Break-even costs of between €84 and €175 per car were estimated. As part of the final
impact assessment to add an oblique pole test to the legislation, NHTSA estimated costs of
between $243 (€182) and $280 (€210) ($1 = €0.75€) to add a two or four sensor curtain
airbag system (NHTSA, 2007).

This gives some indication that the benefit-to-cost ratio could likely be greater than one
and on that basis further research is recommended to:
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 Develop adaptive restraint systems further, in particular the link between the
restraint system and the pre-crash / accident avoidance system

 Estimate the potential benefits and costs of adaptive restraint systems more
accurately, including consideration of fitment for rear-seated occupants.

 Assuming that the two items above indicate a promising benefit-to-cost ratio,
develop a cost-effective method of enforcing the introduction of these systems,
potentially using a legislative route

4.2.2. Curtain airbags for side impacts

Description and mitigation strategy

A major shortcoming of UN Regulation 95 test is that it does not encourage fitment of
countermeasures to reduce head injury, even though the head is one of the more
frequently injured body regions in side impacts at life threatening (MAIS 3+) injury levels.
In the R95 test, if head protection airbags are not present, usually the dummy head moves
out through the broken window without hitting anything and low Head Injury Criteria (HIC)
values are recorded. In the real-world an occupant’s head can impact the cant rail, the B-
pillar or an external object such as the front of a vehicle (e.g. SUV) which is higher than the
MDB used in the test or a fixed object such as a pole or tree. To encourage manufacturers
to fit countermeasures for head protection Euro NCAP introduced an optional pole test in
2001 and made it part of the standard rating in 2009.

Currently, most manufacturers fit airbags to protect the head in a pole impact, even though
it is not mandatory. Usually, curtain airbags are fitted, but some manufacturers fit head-
thorax airbags which only offer head protection to the front seat occupants unlike curtain
airbags which can offer protection for rear seated occupants as well and also help prevent
ejection (both partial and full) in rollover type accidents. In the United States legislation
has been introduced (FMVSS 226) to mandate the fitment of countermeasures for ejection
mitigation, in practice a side curtain airbag.

The proposed strategy is to effectively mandate the fitment of a side curtain airbag by
adopting a European legislation equivalent to the US FMVSS 226. A side curtain airbag
would provide:

 Protection for head impacts in side impact for struck side occupants (both front and
rear seated) and rollover type accidents

 Protection against injuries caused by ejection (full and partial). Ejection type injuries
generally occur in rollover type accidents but sometimes occur in side impact type
accidents as well.

This could be complemented by the introduction of a side impact pole test to help ensure
protection is offered to body regions other than the head for front seat occupants in pole or
tree impacts. A Global Technical Regulation (GTR) on pole side impact (GTR 14) was
established in the global registry on 13th Nov 2013. A corresponding UN regulation was
established Nov 2014 (UN Regulation 135).

Feasibility

Fitment rates for window curtain airbags in Europe are not known. However, there is an
expectation that most new vehicles will provide curtain airbags for head impact protection
of the front seat position at least (i.e. between the A and B pillars). A quick review of the
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11 vehicles recently tested by Euro NCAP indicated that all of them (except the Berlingo)
had a window curtain in the front and seven of the eleven also included the same
protection for the rear seat occupants (coverage from A to C pillar), despite there being no
formal incentive to do so, yet.

The feasibility of fitting curtain airbags to meet FMVSS 226 ejection mitigation
requirements is demonstrated clearly by the response of car manufacturers to the
introduction of the ejection mitigation standard in the US (FMVSS 226, which requires an
occupant containment countermeasure – in practice a side curtain airbag – which can limit
the travel of an 18 kg headform, travelling at speeds up to 20 km/h, to 100 mm beyond
the inside surface of the window at the target location being tested). Information from
NHTSA shows that a number of 2014 vehicle models (about 50) are already certified to this
standard, even though it will not be phased in fully until 2017 (Edwards M, personal
communication, 2014).

Benefits and costs

Precise benefits and costs for Europe for this proposal are unknown. However, in the final
regulatory impact analysis (NHTSA, 2011) for ejection mitigation measures NHTSA
estimated the net costs per equivalent life saved for the full curtain countermeasure
ranging from $1.4 million per equivalent life saved, using a 3% discount rate to $1.7
million per equivalent life saved, using a 7% discount rate. A net benefit from $1,307
million (7% discount rate) to $1,773 million (3% discount rate) was estimated assuming a
$6.1 million cost per life and fitment of curtain airbags and rollover sensors to 44% and
55% of vehicles, respectively, without introduction of the standard.

It is very difficult to use this information to give much guidance for what the benefit-to-cost
ratio may be for the introduction of an FMVSS 226 type regulation in Europe except that it
would likely be lower. This is because the target population for Europe is likely to be
smaller because:

 There are proportionally fewer fatalities in rollover accidents in Europe (in 2012 US
34% of passenger car fatalities died in crashes where the vehicle rolled whereas in
GB 19% of killed car occupants were injured in rollover accidents – note these
statistics are not available for the whole of Europe). However, there could be more
benefit in side impact accidents because a pole test (and effectively fitment of
curtain airbags for head strike protection) is mandatory in the US, whereas it is not
mandatory in Europe.

4.2.3. Improved crash compatibility

As mentioned above in section 3.3.2, the main issues for improving compatibility are:

 Structural interaction

 Force (frontal) matching and deceleration pulse

 Compartment strength and stability

A priority countermeasure to ensure that occupants of lighter cars are not at a
disadvantage compared to occupants of heavier cars (e.g. SUVs) in a light car-to-heavier
car frontal crash is to improve structural interaction (geometric compatibility), i.e.
alignment of the main crash structures of vehicles in a common interaction zone, e.g. crash
structures positioned low enough on SUVs to interact with the main longitudinal rail crash
structures on a light car.
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Currently, three methods have been researched and are available to improve the structural
interaction aspect of compatibility of cars (including SUVs) in frontal impacts. There are no
procedures available with performance criteria for the other aspects of compatibility (i.e.
force matching and passenger compartment strength). The procedures available are:

Full-Width Deformable Barrier (FWDB) test

Test procedure

 Test speed 50 km/h.

 Load Cell Wall (LCW) consisting of cells of nominal size 125 mm x 125 mm which
cover a minimum area 2 m wide and 1 m high (Figure 18).

 Deformable barrier, two layers each 150 mm thick. Front layer consists of
honeycomb 0.34 MPa crush strength. Rear layer consists of honeycomb 1.71 MPa
crush strength and is segmented into blocks 125 mm x 125 mm which are aligned
with the cells of the LCW (Figure 18)

Figure 18: FWDB test showing deformable element and LCW

Source: Author

Metric

The metric proposed in the FIMCAR project (Johannsen, 2013) to assess geometrical
alignment states that a vehicle must fulfil minimum load requirements in Rows 3 & 4 and can
use loads in Row 2 to help meet this requirement under certain conditions (Figure 19).
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Figure 19: Geometric assessment of structural alignment using LCW
measurements
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Full-Width Rigid Barrier (FWRB) test

Test procedure

 Test procedure and LCW same as for the FWDB test, but without the deformable
element

Metric

 Specific metric not defined at present but a number of potential candidates exist as
a result of the FIMCAR project and NHTSA research (Johannsen 2013; Summers and
Prasad 2005). However, these would require further development.

US Auto Alliance voluntary commitment for geometric requirements for Light
Trucks and Vans (LTVs)
The US Auto Alliance developed the following requirements which were announced in 2003
as a first step towards improving the geometrical compatibility of LTVs:

Participating manufacturers will begin designing light trucks in accordance with one of the
following two geometric alignment alternatives, with the light truck at unloaded vehicle
weight:

Option 1: The light truck's primary frontal energy absorbing structure shall overlap at least
50% of the Part 581 zone AND at least 50% of the light truck's primary frontal energy-
absorbing structure shall overlap the Part 581 zone (if the primary frontal energy-absorbing
structure of the light truck is greater than 8 inches (20 cm) tall, engagement with the
entire Part 581 zone is required), OR,

Option 2: If a light truck does not meet the criteria of Option 1, there must be a secondary
energy absorbing structure, connected to the primary structure, whose lower edge shall be
no higher than the bottom of the Part 581 bumper zone. This secondary structure shall
withstand a load of at least 100 kN exerted by a loading device before this loading device
travels 400 mm as measured from a vertical plane at the forward-most point of the
significant structure of the vehicle.
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Figure 20: Typical front rail geometry and definition of Part 581 zone for US
voluntary standard

Source: US Auto Alliance

A benefit analysis performed by the European seventh framework FIMCAR project
(Johannsen 2013) showed that the benefit of improving the structural interaction aspect of
compatibility in Europe at that time, implemented using the procedures available, would be
small: 0.3% to 0.8% of killed and seriously injured (KSI) casualties although it should be
noted that the benefit was likely to be under-estimated. It should also be noted that this
analysis was based on the accident data available at that time and thus reflected the EUs
fleet make-up in the early 2000s.. Since then, the proportion of SUVs and MPVs has
increased. If the benefit analysis was re-done, this would likely have the effect of increasing
the benefit estimated.

Therefore, implementation of improved compatibility measures, based on today’s published
evidence are not likely to be worthwhile, unless they can be done in an inexpensive way. For
example, implemented as part of another measure, or the benefits increased, such as
measures to improve the other aspects of compatibility developed and implemented also.

4.2.4. More stringent crash test legislation for car-like heavy on-road
quadricycles (Category L7e-A vehicles)

In the new Framework Regulation for L-category vehicles (Regulation (EU) No 168/2013),
‘L7e-A’ was introduced as a new sub-category. Different to other L7e sub-categories, a key
parameter of L7e-A vehicles is that they are not restricted to ≤90 km/h. They do however
have a power limit of 15 kW and an unladen mass not including batteries less than 400 kg.

In the future there may be a shift to a greater number of car-like (L7e-A) heavy on-road
quadricycles being used on European roads, driven by the cost of fuel, a need to decrease
CO2 emissions and an associated drive to make vehicles lighter, which in turn may
encourage the greater use of these vehicles as substitutes to current small M1 vehicles
(cars). This may be encouraged further by the current European legislation which does not
require as many safety standards for L7e-A sub-category vehicles as for M1 category
vehicles, e.g. frontal and side impact tests are not required for L7e-A and neither
are pedestrian protection requirements.
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In light of this, Article 74 ‘Amendment of the Annexes’ of Regulation (EU) 168/2013 states
that:

‘Without prejudice to the other provisions of this Regulation relating to the amendment of
its Annexes, the Commission shall also be empowered to adopt delegated acts concerning
the amendments to:
(i) Annex II (B) and (C) as regards the introduction of additional functional safety and
vehicle construction requirements for subcategory L7e-A heavy on-road quads’;

The Commission have made an initial proposal for possible additional type approval
requirements for car-like L7e-A heavy on-road quads, subject to a cost-benefit analysis
(impact assessment) (Edwards et al., 2014). The proposal was mainly derived from a
comparison of the regulatory requirements for L7e-A and M1 category vehicles and
stakeholder consultation. The scope of the proposal is only for L7e-A sub-category vehicles
which are car-like, i.e. those which have an enclosed driving and passenger compartment
accessible by a maximum of three sides.
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5. CONCLUSIONS AND RECOMMENDATIONS
Given the demographic changes to the EU’s population, with increasing numbers of older
drivers and vulnerable road users, the changing vehicle fleet with respect to the size of cars
(e.g. growing numbers of SUVs and smaller city vehicles) and the sophistication of current
safety systems, it is important for the European Parliament to have a clear strategy which
encompasses all these factors along with a technology road map when developing policies
to reduce future road casualties.

This study considered whether SUVs and MPVs are more aggressive than smaller passenger
cars in collisions with VRUs and whether there are disadvantages to being in a small (light)
car in an accident with a bigger (heavier) car, e.g. a SUV.

No real world accident data evidence was found showing that modern European SUVs or
MPVs are more aggressive towards VRUs than smaller passenger cars. This is in stark
contrast with international findings, which show a higher VRU injury risk for these vehicles.
This might be explained by more pedestrian-friendly vehicle design, based on European
regulatory requirements, or more likely simply by an insufficient European evidence base
and research to be able to identify this trend. It should be noted that the kinematics are
different for pedestrians struck by SUVs compared to passenger cars because of the higher
bonnet leading edge. This causes a more severe impact to the pedestrian’s femur and
pelvis area with less rotation upper body and head leading to different injury patterns in
which some injuries can be more severe.

Further pan-European research is therefore warranted to address the question whether it is
necessary to improve the pedestrian protection legislation for larger vehicles, or indeed all
passenger vehicles.

As regards the question of whether there are disadvantages to being in a small (light) car
in an accident with a bigger (heavier) car, e.g. a SUV, the study concluded that the risk of
injury is typically greater in the smaller car if all other things are equal. However, all other
things are rarely equal and vehicle design is an important influencing factor, for example
how well stiff structures in the two vehicles are aligned (structural interaction) and the
presence of safety equipment and interior padding. UK accident data analysis showed that,
for all accident types, the injury rate for occupants in smaller cars was higher than that in
SUV and MPV type vehicles. In contrast, US accident data analysis showed that a person
has no greater fatality risk driving an average car compared to a much heavier truck based
SUV. However, it also showed greater risks for car occupants in side impacts if struck by a
SUV compared to another car. This discrepency between the regions is likely to be
associated with different collision typologies and fleet characteristics, with proportionally
many more SUVs, MPVs and pick-up vehicles in the US.

The study discusses potential measures to address these issues and the effect of an aging
population. Not all possible measures were considered, because the focus was on those
that are technically feasible, likely to be affordable and that will give greatest benefit with
respect to a regulatory cost benefit study. For example, there are two fundamental
approaches to resolving the problem that you will be at a disadvantage if you are in a small
(light) vehicle which collides with a bigger (heavier) vehicle, e.g. an SUV, assuming all
other things are equal. The first is to make the vehicle sizes and weights more even and
the second is to improve protection, in particular for the occupants of the small (light)
vehicle.  In this study the emphasis was placed on the second approach because the
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authors believe that this is the most realstic and therefore offers a greater chance of
success and possibly greater benefits, because it can help address other issues as well,
such as the lower bio-mechanical tolerance of older people who are becoming a larger
proportion of the population.

The recommendations from the study are:

Improved accident data collection

First and fore most it is essential that the best road casualty data practicable is collected in
a harmonised way across Europe. Currently, it is not possible to fully answer the questions
raised in this review, because of the lack of real world evidence. A pan European accident
investigation programme, similar to the NASS-CDS work in the US, would afford the
European Parliament and the citizens of the Union a clear and quantifiable measure of
current problems. Perhaps, more importantly such data would inform the development of
applicable and cost effective policies, technologies and solutions to prevent future loss of
life and injury on our roads.  To maximise the potential, such in-depth accident sampling
data should be made freely available to help democratise safety and remove commercial
barriers to saving lives.

Measures to improve safety of VRUs:

 Fitment of Advanced Driver Assistance Systems (ADAS), which help the driver with
the driving process, should be considered, in particular:

o Pedestrian and cyclist capable Autonomous Emergency Braking systems (AEB).

 Pedestrian AEB systems may share hardware and software with vehicle-
to-vehicle AEB and therefore the additional cost of pedestrian AEB may
not be as great as current figures suggest. Hardware costs are expected
to reduce over time, so fitment of these systems is likely to be cost
beneficial in the future.

o Intelligent Speed Assistance systems (ISA).

 The link between driving speeds and occurrence of injurious collisions
and the importance of reducing the impact speed as central part of any
injury mitigation strategy in VRU collisions warrant a close consideration
of ISA.

o Lane Keeping Assist (LKA).

 The results reviewed within this study show that LKA promises large
potential casualty savings, mainly amongst vehicle occupants, but also
protecting VRUs, and is likely to be cost-beneficial at a societal level in
the European Union.

o Reversing cameras.

 An initial TRL review of the benefit to cost ratio (BCR) of reversing
cameras concluded that in terms of safety alone, the BCR for Europe is
likely to be less than one (Hynd et al., 2015). Independent from the
installation of reversing cameras, an increasing proportion of cars are
fitted with multifunctional screens, which would dramatically reduce the
overall system costs and make fitment cost beneficial in the future.

 Improvement to crashworthiness of the vehicle structure should be considered, in
particular:
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o Improved A-pillar and windscreen frame protection.

 Large potential casualty savings could be offered by improved A-pillar
and windscreen frame protection, such as windscreen airbags, and
therefore should not be considered.

o Improved bonnet leading edge design for upper leg, pelvis and thorax
protection

 If VRU protection shall be improved with a particular focus on the elderly
or with a focus on large vehicles, such as SUVs, this measure should be
further investigated.

Measures to improve safety of vehicle occupants:

 Fitment of the following should be considered:

o Adaptive restraint systems for frontal impacts.

 In summary, advanced adaptive restraint systems appear to have the
potential to mitigate the problem of deceleration related restraint
injuries and protection for the thorax and elderly. However, further work
is required to develop these systems, in particular the link between the
restraint system and the pre-crash / accident avoidance system, and to
estimate their potential benefit.

o Curtain airbags for side impacts.

 A side curtain airbag would provide protection for head impacts in side
impact for struck side occupants (both front and rear seated) and
rollover type accidents. These are commonly fitted and promoted by
Euro NCAP, but not required by regulation. Ideally, these curtain airbags
should also help mitigate occupant ejection (both partial and full) and
thus meet the US legislative standard FMVSS 226 for ejection mitigation.

o More stringent crash test legislation for car-like heavy on-road quadricycles
(L7e-A).

 In the future there may be a shift to a greater number of heavy on-road
quadricycles being used on European roads because they have the
potential to be very fuel efficient. This may be encouraged further by the
current European legislation which does not require as many safety
standards for these quadricycles as for cars, e.g. frontal and side impact
tests are not required and neither are pedestrian protection
requirements. This should be reviewed

Also measures to improve crash compatibility should be considered further, in particular
those to improve structural interaction of SUVs in frontal impacts.

The review has begun to highlight the future work that is required to comprehensively
address the questions that are associated with assessing the ‘impact of higher or lower
weight and volume cars on road safety, particularly for vulnerable users’. The rate of
change with respect to the penetration of Advanced Driver Assistance Systems (ADAS)
fitted as optional or standard to passenger cars is unprecedented. These systems have
significant potential to help prevent future collisions and/or injuries, but they are largely
unregulated and have different performance characteristics. Therefore, it is difficult for
consumers to assess which are the best and most appropriate for them and their families.
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