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ABSTRACT

Current passive safety standards have already
achieved a very high level of occupant protection.
This is confirmed year by year through declining
numbers of traffic related fatalities. This trersl i
assumed to continue because more and more
vehicles on the road are designed to fulfill strong
safety requirements especially in high speed
crashes.

In order to further improve frontal crash protentio
active safety systems like automatic braking
systems are introduced to the market. These
systems are designed to mitigate the crash severity
and they are expected to have a great impact in
further reducing the number of injured persons in
traffic accidents.

This paper will discuss a method to estimate field
effectiveness of an automatic braking system in
combination with an adaptive restraint system in
frontal crashes.

The method is based on the German In-Depth
Accident Study GIDAS. Accidents are clustered in
relevant car-to-car scenarios. In each scenario the
effect of an automatic braking system and of an
adaptive restraint system on the injury outcome is
analyzed. The sum of all the injury risks is
weighted with the relevance of each scenario and
the expected value of MAIS3+ injured persons is
calculated with and without the integrated safety
system.

INTRODUCTION

In the year 2009 more than 35.000 fatalities
occurred in the EU in traffic accidents and more
than 1.5 million persons were injured. The cost for
society of these accidents including physical and
psychological damage to the victims and their
families represent approximately 130 billion € in
2009. Based on that societal burden the European

commission proposes to continue with the target of
reducing the overall number of road deaths by half
in the European Union by 2020 starting from 2010.
In order to achieve this strategic goal the Eurapea
commission has identified seven objectives for the
next decade. Two of these objectives are safer
vehicles and promoting the use of modern
technology such as advanced driver assistance
systems [1].

During the last decades also in the U.S. a great
success in increasing road safety was achieved as
Figure 1 shows.
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Figure 1. Motor Vehicle Fatality and Injury
Rates per 100 Million Vehicle Miles Traveled,
1966-2009 in the US [2]

From 2008 to 2009 fatal crashes decreased by 9.9
percent, and the fatality rate reduced in 2009 to
1.13 fatalities per 100 million vehicle miles of
travel. Furthermore, the injury rate per 100 miilio
vehicle miles traveled decreased by 6.3 percent
from 2008 to 2009. The decreased numbers of
fatalities certainly are a result of common effarts
the fields of regulatory and traffic laws,
enforcement, infrastructure, traffic education, tpos
accident care and vehicle technology. Regarding
vehicle technology a lot of new safety technologies
within the last 50 years have contributed to this
positive trend. Although passive safety systems are
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nowadays well-engineered there is still room for
improvements. Moreover, the trend in car safety is
towards integrated and adaptive safety systems.

Active safety systems like automatic braking
systems are designed to mitigate crash severity.
These systems have already been introduced to the
market, because they are expected to be very
effective in reducing the injury outcome of traffic
accidents. The most current efforts in development
of restraint systems tend towards adapting the
restraint performance to different crash parameters
In order to realize such an adaptive restraint
performance new components like adaptive airbags
and adaptive load limiters have been developed and
already found their way to the market.

Therefore, the largest benefit for reducing the
injury outcome in traffic accidents is expected by
combining active and passive safety systems to an
integrated system. Such an integrated safety system
is not only effective during the accident. In gexier

it assists the driver in the complete accident
causation process (see Figure 2).
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Figure 2. Process of accident causation and
operating scheme of integrated safety systems

[3]

In regular driving situations, condition safetytbé
driver should be assisted. That means that a good
physical and psychological condition of the driver
has to be assured. To this category belong all
activities and systems supporting the reduction of
the driver's workload and thus hold the probability
for errors as low as possible. An example of such a
system is driving comfort, air conditioning or seat
design. In critical and instable driving situatioas
integrated safety system helps to avoid an accident
or to mitigate the accident severity via adequate
countermeasures of the driver or an automatic
system like an emergency braking system. If the
collision cannot be avoided, passive safety
measures will mitigate the accident outcome. The
main issue is the evaluation of the efficiency of
such an integrated safety system.

unstable
driving
condition

collision
unavoldable

Benefits of passive safety systems can be evaluated
by means of crash tests. These crash tests are

crucial and an indisputable method to develop cars
which provide maximum protection for vehicle
occupants as well as pedestrians and other road
users. Repeatability is an important requirement in
crash tests which can be achieved by standardized
test configurations, the test itself and the
instrumentation. Crash tests enable a view into
higher accident severities compared to real world
accident databases.

Active safety systems intervene before the coltisio
and therefore modify the entire accident sequence.

Actuator

Functional
algorithm

Sensor
technologies

Figure 3. Components of an active safety system

[4]

Figure 3 shows the components of an active safety
system. An example of such a system is a crash
imminent braking system. A sensor monitors the
environment in front of a vehicle. If a critical
situation occurs an algorithm determines whether a
driver has already applied full braking power or
not. If he has not and the collision is unavoidable
braking actuator is activated and mitigates the
accident severity. But how efficient is such an
active safety system? Nowadays there are only a
few methods available for evaluating the efficiency
of an active safety system.

benefit

efficiency

Passive
L g Safety

time

Figure 4. Estimated benefit of integrated safety
systems [3]

Figure 4 shows the expected benefits of active and
passive safety measurements. Passive
measurements have already reached a very high
level and a good market penetration. For the future
active safety systems are expected to have a large
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potential for improving safety system benefits, but
their market penetration is still poor. So the
maximum  efficiency is expected through
combining active and passive measurements in an
integrated safety system.

Therefore, the objective of this paper is the
presentation of a method enabling the computation
of the efficiency of such an integrated safety
system based on real accident data.

STATE-OF-THE-ART

Busch [5] developed an assessment methodology
for the prediction of safety benefits of a driver
assistance system such as brake assist or an
emergency braking system. Figure 5 shows the
schematic process of the automated individual case
analysis.

The required data is taken from GIDAS (German
In-Depth Accident Study) [6]. At first the real
accident scenario sequence from GIDAS s
simulated without any active safety systems.
Second, a kind of virtual prototype is generated, i
accident scenarios are simulated with an active
safety system. The simulation requires the change
of each single scenario when an active system like
an emergency brake is available. At first a safety
benefit is calculated based on changes of physical
measurements, e. g. reduced collision speed.

\ GIDAS database |

[ Virtual prototype |
]

simulation: real sequence of
accidentevents
(w/o safety system)

simulation: virtual sequence o
accidentevents
(with safety system)

\ Safety benefit (physical measures) |

Safety benefit (physiological measures) |

Figure 5: Schematic process of the automated
individual case analysis [5]

Besides the information on accident circumstances,
GIDAS also includes information on injuries of
persons involved in the accident. These injury data
are used to establish the so called injury-risk-
functions. These functions describe the relatignshi
of physical measurements such as collision speed
and the injury risk. By using this relationship the

calculation of a safety benefit of an active system
in terms of injury reduction is possible.

For the first time, this method provided an
assessment of active safety systems based on real
world accident data for all kinds of road traffic
participants such as car occupants, vulnerable road
users etc. This method is useful if the effectamf
active safety system on the changes of a crash
scenario outcome are easy to model. But if the
complexity of an integrated safety system grows a
new procedure to evaluate the effects has to be
developed. That means that in each discrete time
step the changes in the environment and in the
decision making module of the active safety system
is necessary to be analyzed. Therefore, the
methodology from [5] had been revised and
enlarged in [7].

The assessment method, PreEffect-iFGS, presents a
procedure to assess the real-world safety berkefit o
integrated pedestrian protection safety systems
(IPPSS). The schematic procedure is depicted in
Figure 6. Initially, the real-world accident data
from GIDAS are imported in a system simulation
tool for reconstructing the original event of the
accident into a simulation scenario. Next the
changes to the original event of the accident Beca
of the existence of an integrated safety system is
analyzed. For this each system component like
sensor technology, algorithm or actuator is
modeled. In an early stage of the system
development general idealistic assumptions are
made for these component models. Later on in the
development process these component models are
getting more and more realistic by using test ttata
validate the component models. The influence of
various passive safety measures is implemented via
modeling varying injury-risk-functions using the
“Injury-Shift-Method” described in [8]. Depending
on the location of the pedestrian impact on the
vehicle, injuries will be reduced to minor injury i
the passive safety system of the car shows good
results at the point of impact. The effect of the
safety system in the event of the accident is
simulated based on the original scenario. Modified
physical measures are also correlated to a risk of
injury for each individual case allowing
determination of the safety benefit of an IPPSS in
terms of reduction of injured pedestrians for
various active and passive components.
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Figure 6. Method for assessment of integrate:
safety systems PreEffect-iFGS [7]

For the first time it is possible to model
integrated safety system for IPPSS with |
components. Even real algorithms can
implemented and their effect on the -world
accident data can be determined.

The main focus of this method lies on ind
pedestrians and not on occupants. However, el
of an automatidraking system on a driver or t
effect of various adaptive restraint systems is
considered. Therefore, taking into account
safety benefit of integrated safety systems ii-to-
car collisions, PreEffedFGS has to be extende

In [9] a new method to determine the safety bel
of integrated safety systems in ¢afrear collisions
based on actual realerld accident data |
presented. The schematic process of this meth
shown in Figure 7 displaying an improve
PreEffecttFGS methodology shown Figure 6.

The method is classified into two parts. In thst
part, the database is updated to current s
standards, i.e. the reported benefit from a n
integrated safety system is achieved not only
taking into account current safety standarbut
“on top” of these current standards.

& I~y PreEffect - integratedSafety

Figure 7. Method for assessment of integrate:
safety systems

In the second part, changes to the loads o
occupant because of the new integrated si
system are calculated via R&Zash ancoccupant
simulations.

METHOD

In this paper a first application of the mett
described in [9] on a subset of load caseth high
relevance in real world accidents is demonstre
In addition, an extension of the method towe
material damage will be present
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Figure 8. ThreeSteps to assess the effectivene

of an integrated safety systel

The method is divided into three steps. First
load cases of interest are defined. Therefore
accident database has to be chosen and analyz
those scenarios being very relevant for -world
accidents. The major goal of this paper is
calculation of the effectiveness of aautomatic
braking system in combination with an adap
restraint system in frontal crashes. Thereforey
frontal collided passenger cars will be conside
In the second step the implication of active
passive safetyystems on the road users and
vehicles is simulated. To determine the change
each impact because of zautomatic braking
system each scenario is simulated with-Crash.
The effect of an adaptive restraint system in te
of changed occupant loadss simulated in an
occupant simulatianin the third step for eac
simulated load case the changed risk of an Al
injury to the occupants is calculated. Furtherm
the changed impact speed is used for estimati
reduction to material dama

Step 1: Define

The method applies data from the-Depth
accident studysIDAS, which contais information
about the accident, affectevehicles and people
involved in the accident. GIDAS is the larg
project on investigation of accident data
Germany. Sincel999 about 2000 accidents |
year are collected in the greater areas of Hal
and Dresden according to a statistical samy
plan. GIDAS compiles only accidents with at le
one injured person [6].
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Figure 9. Distribution of the type of road users

For this study only accidents between passenger
cars are relevant. In Figure 9 the distributiornhef
type of road users is shown. 71% of all accident
participants in GIDAS are occupants of passenger
cars, MPVs, Minibuses or 4x4.

The distribution of the collision opponents of thes
71% involved people are shown in Figure 10. 54%

of the opponents are passenger cars themselves.

Another 10% of the opponents are objects like trees
or road signs. For this study only the collisions
between two passenger cars are considered.
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H Bicycle, Moped

¥ Pedestrian

= Motorcycle
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Figure 10. Distribution of collision opponents of
passenger cars

Since several studies of real-world accidents have
shown that accidents could be avoided if the car is
equipped with an electronic stability program
(ESP) the EU Parliament requires ESP system
being obligatory in all new vehicles from 2013 on.
In the considered database 10% of the passenger

car occupants are involved in a skidding accident.
These accidents are removed from the database.

11% of the remaining occupants are involved in

multiple collisions, i.e. collisions between more

than two opponents. Such accidents are very
complex and the effect of active and passive safety
systems is limited by a lot of constraints and

assumptions. In order not to overestimate the effec
of such an integrated safety system only the first
collision between two opponents is considered.

Figure 11 shows the distribution of the vehicle
segments in the remaining database. The segments
are chosen according to the coding of the German

Kraftfahrtbundesamt (Federal Motor Transport
Authority).
® subcompact and
compact class
105_0%

H lower middle-sized
and middle-sized
class

= upper middle-sized
and luxury class

max4

® Truck

m delivery van

Figure 11. Distribution of the vehicle segments

In the chosen data from GIDAS about 94% of the
vehicles belong to the subcompact, compact, lower
middle-sized, middle-sized, upper middle-sized or
luxury class. Only 6% of the persons involved in
the accidents are occupants of a 4x4, Truck or
delivery van. Therefore, for the following analysis
these types of vehicles are no longer considered.

The distribution of the vehicle segments matches
the homologation numbers of the
Kraftfahrtbundesamt very well. That means that
each vehicle has the same probability to collide
with each other segment and therefore, no
combination of vehicle segments exists, which has
a larger probability of accident involvement.
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Figure 12.
database

Summary of the filtering of the

In Figure 12 a summary of the filter steps desctibe

above is shown. After all of these filter steps 27%
of the people in the GIDAS database remain. This
subset is considered for later analysis.

Next the database is analyzed concerning the
impact constellations. Each impact constellation is
described by the point of first impact and the angl
between the longitudinal vehicle axes at the
beginning of the crash.

1416

Figure 13. Clustering of the vehicle geometry

The point of first impact is defined as the diseanc
from the foremost point of the car to the impact
point towards the longitudinal vehicle axis and
from the middle of the vehicle to the left or right
To determine generic impact points the width of the
vehicles is sub-divided in seven equal sized parts
(see Figure 13). The length of the vehicles also is
divided in seven parts according to crash relevant

areas, for example A-pillar, middle of the driver’s
door or B-pillar.

In order to describe the point of first impact
regarding the clustering as shown in Figure 13
some assumptions have to be made. The
homologation statistic of the Kraftfahrtbundesamt
lists all the vehicles, including make and typed an
how many of this vehicle models are homologated.
From each segment of interest about 50% of the
homologated passenger cars are analyzed according
to their geometrical partition. The segments are
grouped as shown in Table 1.

Table 1.
Summary of the segments
ID Segment Combined
segmen
AO0 Subcompact class Small
AO Compact class
A Lower middle-sized class  Medium
B Middle-sized class
C Upper middle-sized class Large
D Luxury class

For each of the combined segments the mean value
of the clustering shown in Figure 13 is calculated
terms of percentage of the length of the car (see
Table 2).

Table 2.

Clustering of the crash relevant impact areas
Cluster Small Medium Large
AA 11% 11% 12%
AB 11% 12% 13%
B 17% 14% 12%
C 18% 14% 12%
D 17% 14% 12%
EA 13% 17% 19%
EB 13% 18% 20%

The combination of the points of first impact and
the impact angle describes the impact constellation
Figure 14 shows an example of the clustered
impact combinations. This combination describes a
rear-end collision with an angle of 45° between the
longitudinal vehicle axes.
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This type of clustering generates 140 impact
constellations which describe the selected database

Each of these constellations can be assigned to an
overall impact situation, e.g. rear-end collision.

3% 1% = front end-front end

= front end-left hand
side
= front end-rear end

= front end-rigth hand
side

® Jongitudinal traffic

11%
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Figure 16. Distribution of seat occupancy

®vehicle driver
= front passenger|
rear passenger

In order to select scenarios with a high relevance
the field, in this analysis only the driver of the
frontal collided car is considered. About 66% df th
drivers are male and 34% are female. In step 2 of
the method (SIMULATE) the effect of passive
safety systems on the occupant is simulated with
HIll-dummies.

Table 3.
Comparison of the GIDAS population and
common dummy geometries

q
Av

= opposite traffic

Figure 15. Distribution of overall impact types

Figure 15 shows the distribution of these overall
impact types. About 40% of the selected occupants
are involved in rear-end collisions. Another 28%
are collisions between the front-ends of the
opponents.

For the following analysis only collisions with at
least one frontal collided vehicle are considered.
About 61% of the involved occupants of the
interesting database are passengers of frontal
collided cars, i.e. 16% of all the persons in the
GIDAS database according to Figure 12.

To determine the relevance of each scenario the
distribution of the seat occupancy has to be
analyzed (see Figure 16). 67% of the frontal
collided occupants are drivers, 22% are passengers
and 11% are sitting in the rear of the car.

Percentile] Weight| Weight | Height | Height
GIDAS | Hlll GIDAS | Hlll
dummy dummy
57 52kg | 54kg | 158cn] 152cmh
50" 74kg | 77.7kg] 173cm 175cm
95" 100 kg | 101kg| 188cm 188 cm

For this, the size and weight of the occupantfién t
database have to be compared with the dummy
geometry. Figure 17 and Figure 18 show the
cumulative distributions of the height and weight o
the occupants in GIDAS. In Table 3 the
comparison between the occupants in GIDAS and
the dummy geometries is listed. The dummy sizes
and the GIDAS occupant sizes are matching very
well.

100%
L. 80%
(8]
S 60%
=}
g 40%
'8
20%
0%
O W N O O T ON OO T AN WO I
< TN O O© ON~NMNOWODOWO,O O O O
R B B B I B I I B I B B I B R oV N )
height [cm]
Figure 17. Cumulative distribution of the

occupant height
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Figure 18. Cumulative distribution of the
occupant weight

The goal of this paper is do determine the efféct o
an automatic braking system in combination with
an adaptive restraint system based on real-world
accidents. Therefore, different accident severities
will be considered, to show the potential of the
adaptive restraint system. As a measurement for the
accident severity the change in velocity, due to

the collision is used.

20%
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16%

A O H D 5 S b S H

PN DD D DR DS
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W

Av classes [km/h]

Figure 19. Distribution of the Delta-v classes

Figure 19 shows the distribution afv in the
selected subset database. 20% of all frontal eallid
occupants suffered Av less or equal to 10km/h
and another 37% of this occupants are involved in
accidents withAv between 11 and 20km/h. In
summary about 57% of the frontal collided
occupants are involved in relatively low accident
severities.

In the next step representative accidents forhall t
accident severities are determined. For accident
severitiesAv less or equal to 40km/h (about 92% of
the frontal collided cars) fully covered rear-end
collisions with different relative collision veldas

are chosen. The relative collision velocity is the
velocity of the frontal collided vehicle minus the
velocity of the rear end collided vehicle at thedi

of collision.
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- 20%
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=
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12 =

Figure 20. Cumulative distribution of Av in the
subset dataset

In Figure 20 the distribution ofv is supplemented
with the cumulative distribution. The first three
black marked points are representatives for a mid-
class crash severity. They are equivalent to
completely covered rear-end collisions with.qof

40, 50 and 60km/h.

As representatives for high-class crash severity
with Av greater than 40km/h two crash tests known
as the Euro NCAP and the US NCAP frontal crash
tests are selected (see Figure 21). These both test
cover about 99% of the accident severities in real
life accidents.

Euro NCAP US NCAP
]

@I 5

J7ZE0N\

Figure 21. Load cases foAv > 40km/h

Next the braking behavior of the driver has to be
analyzed.

If the driver adjusted an average deceleration rate
higher than 6mfghe deceleration is boosted up by
the brake assist system (BAS) to the maximum
available deceleration dependent on the ground in
each considered accident scenario. Because the EU
decided to regulate the installation of BAS in new
cars from November 2011 on, the effect of a 100%
equipment rate of the BAS has to be accounted for.
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Figure 22. Cumulative distribution of the

deceleration rate (BV) [10*m/g] in the subset
dataset

In Figure 22 the cumulative distribution of the
deceleration rate of the driver in the subset degtab

is shown. About 25% of these drivers are not
braking at all, another 30% of the drivers adjusted
deceleration rate less than 6f/Therefore, in
about 45% of the frontal collided accident
scenarios a BAS is boosting up the deceleration to
the maximum available deceleration rate. This
maximum deceleration rate is only limited by the
maximum transferable braking performance due to
ground floor restrictions in each considered
accident scenario. Based on this analysis an
automatic braking system is able to reduce the
collision speed in 55% of the subset database.

One possibility to account for the braking behavior
of the driver in the method is to introduce
weighting factors. Based on the analysis above for
the automatic braking system a weighting factor of
0.55 is introduced, whereas for the adaptive
restraint system a weighting factor of 1.0 is cimpse
because it is able to be fully effective in eacigk
accident.

In this section an exemplary filtering of the
database towards load cases with high relevance in
real life accident scenarios was conducted. In the
next step the influence of an automatic braking
system in combination with an adaptive restraint
system on the selected load cases will be simulated

Step 2: Simulate

Exemplarily for the mid-class crash severity
accidents the influence of an automatic braking
system is simulated based on three rear-end
collisions from GIDAS (ANB1 - ANB3). For that

these load cases are reconstructed in PC-Crash, one

of the most common accident reconstruction
software. In Table 4 the parameters of the original

scenarios and the changes to them, if an automatic
braking system (ANB) is active, are listed.

Table 4.

Parameters of the load cases ANB1-ANB3
Parameter ANB1 ANB2 ANB3
VO 40km/h 50km/h 60km/h
BV om/s om/g om/s
available 8.8m/$ 8.8m/$ 8.8m/$
friction
VK e 39km/h 50km/h 60km/h
VK o* 32km/h 39km/h 49km/h
AVK (g 7km/h 11km/h 11km/h

Compared to the original relative collision speed
VK, a reduction of 7-11km/hA{VK,) in these
load cases is possible. Definitely, the amount of
AVK e depends on the setting of relevant system
parameters and environmental circumstances.

Next, the effect of an adaptive restraint system on
the loads to the occupants is simulated. Such an
adaptive restraint system consists of an adaptive
belt and an adaptive airbag. The restraint behavior
of these adaptive components is adaptable to
specific parameters of real-world accidents. Sdvera
studies have shown that it is advantageous if the
adaptive components are able to adapt their
restraint behavior to the crash severity and to the
anthropometry of the occupants [10].

The effect of such an adaptive restraint system on
the loads on the occupants is simulated with
specific simulation software, e.g. PAM Crash.
Because current occupant compartments are
designed for high crash severities it is assumatl th
the occupant compartment is still stable in the
considered mid-class severity accidents. Therefore,
only one occupant compartment model is used for
the simulation of the different crash severities.

To determine the effect of an adaptive restraint
system, the scenarios ANB1-ANB3 and both the
load cases from Figure 21 are simulated three
times.

First of all, the original scenario without any
braking system and without an adaptive restraint
system is modeled. In a second step, the scenarios,
changed by a braking action, are simulated without
the adaptive restraint system. In a final step, the
changed scenarios with an adaptive restraint system
are modeled. As a result from the occupant
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simulation the different loads on the occupants are
calculated.

In the second step (SIMULATE) of the method, the

influence of an automatic braking system and an
adaptive restraint system on the selected loadscase
was simulated. In the third step of the method, the
effectiveness of these systems is estimated.

Step 3: Assess

In order to assess the effectiveness of an automati
braking system in combination with an adaptive

restraint system the simulated changes of the load
cases have to be transferred in terms of injury
reduction or reduction of material damage.

For determining the influence of changed occupant
loads on the injury outcome injury risk functions
have to be used. In order to provide for
comparability with legislation and consumerism at
the best, the injury risk curves from the FMVSS
208 [11] are used. The considered injury level is
the so called MAIS3+, i.e. all occupants with at
least one body region injured more than AIS 2 (AIS
stands for the Abbreviated Injury Scale). To
calculate the overall risk of an MAIS3+ injury the
assumption is made, that the injuries of each body
region are independent. The combined MAIS3+
injury risk is calculated after the new US NCAP
regulation for Ri.. For frontal collisions
combines the injury risks for the head, the nelog, t
chest and the femur.

In this way a change of injury risk can be evaldate
for each specific load case. The sum of all the
MAIS3+ injury risks is the expected number of
MAIS3+ injured persons in the specified load
cases. The reduction of MAIS3+ injured occupants
by a new system (like an automatic braking system
and/or an adaptive restraint system) defines the
field effectiveness of this system.

Besides the injury outcome also the changes to
material damage are of interest.

The material damage of a vehicle in an accident
depends on a lot of factors. In order to determine
the influence of automatic braking systems on the
material damage some assumptions have to be
done. First of all, the material damage of eachicar

limited by the residual value of the car. An anays

of the Schwacke-list [12] suggests an exponential
degeneration of the residual value over the age of

the car. Under the assumption that the residual
value after three years amounts to half the origina
price, the residual value dependent on the age of
the car can be calculated as

RV (f) = OVx23 1)

where RV is the residual value, t is the age of the
car in years and QV is the original value of the ca
Because the database contains a lot of different
cars, for each combined segment an average OV is
estimated (see Table 1).

Table 5.
Estimated average original value

Combined segment Estimated average O

Small 17.500 €

Medium 35.000 €

Large 75.000 €

In order to calculate the resulting cost of repajri
depending on the crash severity several crash tests
were analyzed. The analysis showed that the cost of
repairing is more or less directly correlated te th
crash severityAv. Therefore, a regression analysis
betweenAv? and the cost of repairing damage
(CORD) is conducted (see Figure 23).

CORD (Av*)=208.82xAv*-1048.5 2

Formula (2) describes the correlatioriof in
m?/s* and CORD in percentage of the OV.

100%
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2
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()
S 60% <
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> 40%
£ 0% o
a (] D 4
& 20% &~
S 10%
g ow ad
0 50 100 150 200 250
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Figure 23. Regression ofAv over the cost of
repairing damage

This function assumes that the cost of repairing
damage does not depend on the segment of the car.

The material damage (MD) calculates out of a
combination of formula (1) and (2).
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MD(AV2, {)=min (2.4 (RV (), CORD(AV*)xOV)
3)

The reduced cost of repairing is calculated out of
the difference from the original MD without the
braking system and the MD resulting from the
reducedAv.

As shown in this section the method allows an
estimation of the changes to the injury outcome of
occupants and the resulting material damage.

Summary and outlook

In this paper a method is described to calculate th
effect of an automatic braking system in
combination with an adaptive restraint system on
the injury outcome of the occupants and on the
material damage of the cars. The method is
presented via some exemplary load cases with a
high relevance in real-world accidents. The great
advantage of this method is its modular
composition.

The database can be replaced with other databases
(e.g. U.S. accident statistics), whereby differasnce
of vehicle populations or infrastructure can be
accounted for. Therefore, the method allows
estimating the effectiveness of integrated safety
systems for arbitrary nations. For a worldwide
prediction national accident databases have to be
analyzed. In this regard harmonized accident
databases with respect to representativeness, data
structure and parameters according to the German
In-Depth Accident Study GIDAS are required.

In the method the functions for determining the
injury outcome and the material damage can be
easily replaced by other functions. So the metkod i
easily adoptable to the latest scientific findinfgs,
example renewed injury risk functions. Also, the
selection of the repairing cost function can depend
on the specific realization of the automatic bragkin
function components. Even if new types of
dummies for the evaluation of vehicle safety are
introduced into regulation and/or rating procedures
the method is still valid because only the occupant
simulation element and the injury risk function
element have to be adjusted.

Although this method is very generic in the futare

closer look to the robustness of the method is
necessary. A further region of interest is the
influence of the constitution of the load cases on

the calculated effectiveness. So the questionsdchas

be answered how many and how detailed load
cases must be chosen in order to get a valid
prediction of the overall benefits. Also the

sensitivity of the calculated effectiveness to the
weighting of load cases is an interesting field of
study.

Once the method is fixed in its constraints it ban
applied to study the effect of integrated safety
system parameters on the overall effectiveness of
the system. Furthermore it is necessary to find out
how strong are the relationships among relevant
system parameters with respect to the largest
achievable benefits and their limitations.

For example in order to study the benefits of an
adaptive restraint system on the injury outcome
new technologies for infinitely variable airbaggian
belts are desired because these components are
expected to maximize occupant protection.

In the future an integration of additional elements
to this method is planned to account for the latest
developments in vehicle safety. Especially vehicle-
to-vehicle or vehicle-to-infrastructure
communication technologies are expected to have a
great impact on further reducing fatalities and
injured people. So we are looking forward to
extend this method to assess also such kind of
integrated safety systems.

Finally an extension of this method to all kind of
road users has to be conducted in order to predict
prospectively the changes to all the real-world
accidents.
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