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ABSTRACT 

The development of electronic systems 
in cars is strongly increasing and especially 
driver assistance systems will be available in 
a short time. Therefore their effectiveness in 
accident avoidance related to defined critical 
situations and their influence on driver be- 
haviour has to be analysed. 

On the basis of the GDV large scale acci- 
dent material an assessment has been made 
which part of car crashes with personal in- 
jury could be influenced by driver assistent 
systems. This paper presents the results of 
the first research phase. 

INTRODUCTION 

In the past few decades, great success 
has been achieved in Europe in the field of 
traffic safety. Without it, the number of 
road casualties and follow-up costs would be 
much greater today. In the last few years, 
developments aimed at improving both traf- 
fic flow and traffic safety have concentrated 
on collective information and guide systems. 
In the area of automotive engineering in 
particular, passive vehicle safety has been 
improved. 

Accompanied by the rapid development of 
microelectronics, individual information and 
control systems are gaining in importance. 
They are usually linked to one particular 

vehicle and assist the driver in complex 
motoring situations which are objectively 
difficult to assess, perhaps even critical. 
They are intended to ensure that the constant 
increase in traffic volume is dealt with in a 
safe and efficient manner within an infra- 
structure that is only capable of limited ex- 
pansion and development. 

The present paper is devoted to driver as- 
sistance systems and their contribution to 
traffic safety. It concentrates in particular on 
the system of adaptive cruise control (ACC) 
which is intended to increase vehicle com- 
fort and to reduce the number of rear-end 
accidents (REA). The example of rear-end 
accidents is used to illustrate the general re- 
quirements that an adaptive cruise control 
system must fulfill in order to function 
properly, i.e. prevent accidents. 

The accident data used in this paper origi- 
nates from real traffic accidents in Germany 
which have been documented by records 
and protocols from the police, third party 
insurance companies, district attorneys and 
public prosecutors, by photographs, expert 
opinions and witness testimony. Two GDV 
accident databases were used which were 
created in connection with a representative 
survey of vehicle safety Ill and of autobahn 
accidents resulting in death 121. These sta- 
tistics comprise a total of more than 7000 
rear-end accidents - all of them involving 
personal injury. These statistics have been 
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evaluated several times by different authors, 
refer in this context to the bibliography. In 
addition, the results of the official accident 
statistics for Germany, which are published 
annually, have been used to supplement the 
above material 131. 

Adaptive cruise control is a radar-assisted 
system designed to regulate the spacing 
between the driver’s own car and a vehicle 
in front of it (Figure 1). The system recog- 
nizes the vehicles in front and regulates the 
speed of the driver’s car whenever the 
driver’s car fails to maintain a calculated 
safety margin. The safety margin is calcu- 
lated taking weather conditions, road condi- 
tions and speed into account. The safety 
margin is adjusted on the basis of a braking 

deceleration that does not exceed a maxi- 
mum of 2 m/s’. 

The stage of development (stage 1) now 
achieved by the adaptive cruise control sys- 
tem recognizes vehicles in front that are 
traveling at a speed of at least 40 km/h. 
Slowly moving vehicles, turning and sta- 
tionary vehicles are not identified, nor are 
pedestrians, cyclists and objects at the road- 
side. Test series and field tests using ACC 
prototypes installed in standard cars are cur- 
rently being conducted in Germany. The 
development of driver assistance systems is 
intended to enhance both individual motor- 
ing comfort as well as general traffic safety 
at one and the same time. 

Figure 1. Adaptive cruise control - main components (BMW AG, 1996) 

TRAFFIC ACCIDENTS IN GERMANY 

General results - There were approxi- 
marely 50 million motor vehicles on the 
roads in 1995, of which approximately 4 1 
million were automobiles. The annual dis- 
tance traveled by all motor vehicles totaled 
603.5 billion kilometers, 180.9 billion km 
(30 %) of which on German highways (the 
autobahn). Police authorities registered a 
total of 2.27 million traffic accidents na- 
tionwide in 1996. of which 1.90 million ac- 

cidents involved only material damage and 
0.37 million personal injury. 
The official accident statistics /3/ reveal the 
following events which, generally speaking, 
lead or have led to accidents (all types of 
accidents). These statistics also apply to 
rear-end collisions as well in the broader 
sense of the word. 

- Young persons between 18-25 years of 
age are by far the most endangered 
motorists. Based on a population of 
100,000, this age group have accidents 
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approximately three times more fre- 
quently than subsequent age groups. 

- About double as many men are involved 
in car accidents than women (both as 
persons causing accidents as well as 
persons involved in accidents). In the 
age group of young drivers (1X-25 years 
of age), men caused accidents in more 
than 70 % of all cases. 

- Based on total kilometers traveled, the 
number of persons involved in accidents 
has remained at the same level in the 
last few years, whereas the number of 

fatalities and serious injuries has de- 
clined. 

- An inadequate safety margin is cited 
with varying degree of frequency in 
police accident records as the main er- 
ror committed by car drivers. The per- 
centage of accidents involving personal 
injury on the German autobabn is 19 % 
and on country roads 8 %. As far as the 
age distribution is concerned, there is 
an accumulation among drivers 18-2 1 
years old and among drivers 45 years 
and older (Figure 2). 

Age oflnvdved Dwers 
j -$,E; Y,z: 

Figure 2. Drivers’ error “inadequate safety margin” per 1,000 involved persons /3/ 

- Approximately 35 % of all autobahn 
accidents registered by the police occur 
in zones with speed limits (v = 60 - 
130 km/h) and 5 % in or near construc- 
tion sites. 

- As far as lighting conditions are con- 
cerned, 213 of all accidents involving 
personal injury occur during the day 
and l/3 at night. These statistics are 

equally applicable to country roads and 
the autobahn network. 
Approximately 0,5 % of all accidents 
involving personal injury outside of 
town (autobahn and country roads) were 
accidents that took place in fog. 
Less than 1 % of all accidents involving 
personal injury could be attributed to 
technical defects on the vehicle itself. 
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Accidents with Personal Damage in 1996 

Figure 3. Distribution of accidents involving personal injury over daytime 

Rear-end accidents - Rear-end acci- 
dents can be filtered out of the official acci- 
dent statistics 131 by breaking down traffic 
accidents according to the type of accident. 
Rear-end accidents belong either to accident 
type 1 (collision with another vehicle which 
starts, stops or is stationary in quiet traffic) 
or to accident type 2 (collision with another 
vehicle traveling in front or with a station- 
ary vehicle). 

Of the total number of accidents that oc- 
curred in Germany in 1996, police regis- 
tered 

14,866 rear-end autobahn accidents, 11,363 
of these involving personal injury, 

and 

20,553 rear-end accidents on country roads, 
17,776 of these involving personal injury. 

According to the traffic conditions rear-end 
accidents are predominant among autobahn 
accidents (Table 1). Almost every other 
autobahn accident involving personal injury 
is a rear-end accident (46 %) and almost one 
out of every four accidents (21 %) is an ac- 
cident involving serious material damage. 

A total of 55,976 rear-end accidents in- 
volving personal injury occurred within city 
limits, thus accounting for 24 %  of all acci- 
dents involving personal injury within city 
limits. 

Table l-a 
Rear-end accidents involving serious material damage in 1996 according to location 131 

Type of Accident Urban Country Roads Autobahn Total 

abs. %  abs. %  abs. %  abs. %  

Rear-end Accidents 9.379 14,5 2.777 7,4 3.503 20,6 15.659 13,l 

Others 55.446 85,s 34.608 92,6 13.467 79,4 103.521 86,9 

Total 64.825 100 37.385 100 16.970 100 119.180 100 
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Table l-b 
Rear-end accidents involving personal injury in 1996 according to location /3/ 

Analysis Of Rear-End Accidents 

Responsible vehicle drivers - Men pre- 
dominate the picture both in the case of 
rear-end accidents as well as in other types 
of accidents. Approximately 70 % of the 
persons causing rear-end accidents are men. 

As far as the age distribution is concerned, 
drivers up to 30 years of age are the pre- 

dominant factor in the case of rear-end acci- 
dents. They are responsible for almost 50 % 
of all persons involved in rear-end acci- 
dents. Based on the ratio of responsible 
drivers to participants, elderly drivers (60 
years and older) are conspicuous in addition 
to young drivers up to 25 years of age (Fig- 
ure 4). 

Rear-End-Collisions 1990 Germany 

, Driver’s Age 

Figure 4. Driver’s age in rear-end accidents in Germany 
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Road category - Based on known find- 
ings, severe rear-end accidents involving 
personal injury (refer to Table la) occur 

- in 66 % of all cases on streets within city 
limits, 
- in 21 % on country roads and 
- in 13 % on the autobahn. 

Attendant circumstances - The major- 
ity of rear-end autobahn accidents happen 
on straight sections of road (75 X), whereas 
curves and junctions are where most acci- 
dents occur on country roads (approx. 30 % 
in each case), refer to Figure 5. 

As far as the light and road conditions are 
concerned, most rear-end accidents occur on 
dry pavement: 

Pavement 
dry 
dry 
wet 
wet 

and 
and 
and 
and 

Light Percentage 
light 41 % 
dark 29 % 
light 14 % 
dark 16 % 

Accidents with Personal Damage on Highways 

Germany 1996. n=?iZOE 

I 

Accident with Personal Damage on Freeways 

0 Germany 1996, n=24976 

Figure 5: Site of rear-end accidents /3/ 
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When the factors underlying the accident 
data were analyzed, there were no indica- 
tions the conditions of light and pavement 
were significant, although visibility was 
classified into two categories: clear and ob- 
scured 141. 

Involved vehicles - The evaluation of the 
data has provided the following indications 
as far as the vehicles involved in two-car 
rear-end accidents are concerned: 

- half of the vehicles involved had a vehi- 

smaller vehicles (< 1100 kg vehicle 
weight, I 55 kW engine rating) are 
more frequently the involved vehicle 
(the rear-ended vehicle) in their class; 
larger vehicles (2 1400 kg vehicle 
weight, 2 90 kW engine rating) are 
more frequently the cause of the acci- 
dent (the rear-ending vehicle). 
There are indications that older vehicles 
are more frequently the cause of the ac- 
cident in their age class. The statistical 
data, however, does not allow reliable 
conclusions to be drawn (Figure 7). 

cle weight of 11000 kg (Figure 6). 
Mass-Distribution of Passenger Can in Rear-End Accidents 

30% 

Figure 6. Passenger car mass distribution for rear-end accidents IS/ 

608 



Rear-End-Collisions 1990 Germany 

c-i 2 8 
E Year of First Registration 

6 8 8 8 

~-i---- - I 
.- 

Rear-End-Collisions 1990 Germany 

0 Struck Vehicle 

51.60 61-70 71.60 81-90 91-100 above 

Vehicle Power [kw 
r-~ - 

Figure 7. Passenger vehicles (model/year and power) involved in rear-end accidents (in Germany) 

Main causes of rearend accidents 

Figure 8: Main causes of rear-end accidents IS/ 

Causes - A random sampling of 520 rear-end accidents (two-car accidents involving personal injury) indi- 
cated the following main causes of accidents (Figure 8): 

- Driver misjudgment 64.7 % 
- Distraction/clouded awareness 20.9 % 
- Unpredictable behavior 15.1 % 
- Technical defects 0.2 % 

The cases designated “driver misjudgment” cases, a stationary vehicle was recognized, 
means in the majority of cases that the but only when it was already too late. 
driver “overlooked” the stopped or turning There is not an insignificant number of 
vehicle in front of his vehicle. In many cases in which drivers are distracted by an 
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accident, by tuning the radio or by children 
in the car. The unpredictable behavior of 
other motorists plays a causal role in 15 % 
of the rear-end accidents in this study. 
Technical defects are insignificant both here 
as well as in other types of accident. 

Based on the known findings, it is obvious 
that rear-end accidents are caused for the 
most part by inattentiveness and are not due 
to external, unavoidable circumstances. 

-v > 40 km/h 
-v L 80 km/h 
- v Z 100 km/h 

A comparison of driving speeds (Figure 9) 
reveals that in approximately half of all 
cases the differences amounted to between 
20 and 40 km/h. The differences in speed 
are greater on country roads than on the 
autobahn 141. 

When drawing up police reports about acci- 
dents, the police have attributed the error of 
inadequate safety margin to more and more 
young and elderly persons causing acci- 
dents, refer also to Figure 2. 

Driving and collision speed - State- 
ments about the speed of a vehicle prior to a 
two-car rear-end collision show that the per- 
son who rear-ends a vehicle ahead of him (v 
> 0 km/h) was traveling at the following 
speeds prior to the accident: 

100 % 
80 % 
60 %. 

the difference in speed at the time of the 
collision v,,, /5/. Accordingly, the differ- 
ence in collision speeds was less than 15 
km/h in more than 70 % of 496 evaluated 
rear-end accidents. v,,,, values greater than 
25 km/h occurred in only 6 % of the cases 
analyzed (Figure 10). 

The deformations of the vehicles involved in 
rear-end accidents can be used to determine 
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Figure 9. Driving speed differences of passenger cars involved in rear-end accidents on highways and 
autobahns 141 

Figure 10. Speed difference at the beginning of the crash phase for rear-end accidents of two passenger 
cars /5/ 
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Rear-ending stationary and moving 
vehicles - The number of stationary and 
moving vehicles involved in rear-end colli- 
sions (two-car accidents involving personal 
injury) are approximately the same. This 
ratio can be taken as an orientation value for 
all rear-end collisions irrespective of the lo- 
cation in which they occurred. 

Injuries - Approximately half of all per- 
sons injured on the autobahn sustain their 

injuries in rear-end collisions. In 1996 a to- 
tal of 20,210 persons were injured during 
rear-end accidents on the autobahn, 3 16 of 
whom were killed and 3,330 of whom suf- 
fered serious injury. The number of casual- 
ties on country roads totals 27,011, of 
whom 190 were killed and 3,655 were seri- 
ously injured. Rear-end collisions thus result 
in about 16 % of all persons injured on 
country roads and 50 70 of all persons in- 
jured on the autobahn (Table 2). 

Table 2: 
Motorists involved in rear-end accidents - 1996 I31 

Involved Mo- 
torists 
Rear-end Acci- 
dents 

72.552 24,9 27.011 15,9 20.210 49,5 119.377 23,8 

55.976 23,7 17.776 15,8 11363 45,6 85115 22,8 

Types of rear-end accidents - Zierden 
!6/ analyzed 24 rear-end accidents and used 
this to derive a typology of rear-end acci- 
dents (Figure 1 I). The data material used 
(GDV, 1990) contains rear-end accidents 

from all locations (city streets, county roads 
and the autobahn). The following were de- 
scribed as typical situations for rear-end ac- 
cidents: 

1: rear-end accident along a straight road (2 or more persons involved) 57% 
2: rear-end accident in junctions (with/without traffic lights) 32 % 
3: rear-end accident in curves 11 70 

The number of rear-end accidents involving 
several persons is not insignificant 15, 91. 
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Figure 11. Types of rear-end accidents I61 

Factor Analysis - A number of existing 
accident databases were used to evaluate pa- 
rameters for the events leading up to an ac- 
cident. One method is described below 
which was used to perform a complex sys- 
tern analysis of a database maintained by the 
German Insurance Association (GDV) con- 

taining 15,000 two-car accidents involving 
personal injury. Figure 12 shows the 
mathematical-statistical methods that were 
used either individually or in the sequence 
given. 
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Figure 12. Scheme of accident data analysis 

The calculation of frequencies and distribu- 
tions provides an overview of the individual 
characteristics. The connections between the 
accident characteristics are reproduced by 
the correlation matrix. In order to calculate 
the correlation coefficients, it is advanta- 
geous to assign values to the expressions of 
the individual characteristics (clear, rain, 
snow, hail, etc. for the example of weather) 
when the quantitative characteristics are 
known (e.g. weather conditions, visibility, 
etc.). The scaling method according to 
BargmaniSchiinemeyer (1989) was found to 
be suitable for this purpose. 

If there are many characteristics that de- 
scribe the accident, the connections in the 
correlation matrix can no longer be inter- 
preted. Factor analysis can then be used for 
the purpose of interpretation. The aim of 
factor analysis is to attribute the correlations 
between the characteristics to the action of 
common, linearly independent (fictive) fac- 
tors. To do this, the individual characteris- 
tics are represented in a coordinate system 
based on the calculated correlation matrix in 
such a way that this reproduces the existing 
connections as best possible. The axes of the 
coordinate system are termed “factors”. All 
characteristics are assigned “charges” with 
respect of each factor. These charges can be 
interpreted again as correlation coefficients. 
The difference between the original correla- 
tion coefficient and the correlation coeffi- 

cient reproduced by this procedure is termed 
the “residual”. The term “communality” is 
understood to mean the automatic correla- 
tion that is reproduced for each and every 
characteristic. It is a measure of the degree 
to which the deviation of a characteristic can 
be explained by the factor system found. 

Factor analysis methods construct the indi- 
vidual factors one after another in such a 
way that these factors achieve the best pos- 
sible reproduction of the existing correlation 
matrix. Based on this assumption, the first 
factor will thus have the greatest influence 
in the entire system. 

The coordinate system that is found can be 
modified by rotating the individual axes 
without changing the connections between 
the individual features. Figure 13 is an ex- 
ample of such a rotation for a two- 
dimensional coordinate system. The con- 
nections between characteristics M 1 . . M6 
cannot be clearly seen with respect to the 
original system (Fl, F2). In the rotated co- 
ordinate system (Fl’, F2’): however, it is 
obvious that characteristics M 1, M4 and M6 
are determined substantially by the first 
factor Fl’ and characteristics M2 and M5 
are determined by the second factor F2’. 
The charges of the characteristics are very 
small with respect to the other axis. Only 
characteristic M3 has large charges with re- 
spect to both factors. Hence, the factors can 
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be interpreted on the basis of the character- 
istics: F 1’ is explained by characteristics M4 
and M6, and F2’ is explained by character- 
istics M2 and M.5. 

; M2 h/I3* 

VQT 
M4’ ,’ 

M: ,_ , l M6 

_’ h;l 
.,’ 

0" .Fl 
Figure 13. Rotation of the coordinate system 

Factor analysis thus makes it possible to: 
- define a number of linearly independent 

factors which represent the common 
causes of the origin of the characteris- 
tics, 

- determine the influence each parameter 
has on each factor, 

- ascertain the extent to which the devia- 
tion of one parameter can be explained 
by the others (the “communalities” are 
a measure of this), 

- determine the ranking of the character- 
istics with respect to a selected target 
parameter by a special rotation of the 
factor charges. 

When this method is used to evaluate acci- 
dent data, the problem of the missing values 
must be given special consideration. This is 
a problem that occurs frequently (because 
forms are incompletely filled out; because 
the starting material makes interpretation 
impossible, such as an interpretation of the 
driving speed prior to the collision). This 
problem can be resolved by not using the 
correlation matrix itself as the input matrix 
for the analytical method, but rather by us- 
ing the matrix of the correlation coefficients 
that have been calculated for each pair of 
characteristics. This special point must be 
taken into account when interpreting the re- 
sults . 

Statistical analysis has been applied to a 
random sampling of n=3000 accidents. Of 
these samples, 1,500 cases were selected on 
the basis of the front-to-rear type collision. 
The connections between the described ac- 
cident characteristics were then investigated 
using the factor analysis procedure. Table 1 
shows the rotated factor charges that are 
discussed below. It is clear that the use of 
extracted factors 1 to 4 makes fundamental 
connections between the characteristics ob- 
vious. It is of course also possible to expand 
this procedure to include other factors as 
well. This, however, in no way improves 
the validity in this particular case, since the 
sum of the inherent values of the correlation 
matrix reproduced on the basis of the factor 
solution found is greater or equal to the sum 
of the inherent values of the correlation ma- 
trix that is based on the system of charac- 
teristics (the condition that will abort the 
procedure). This means that the factor solu- 
tions that have been found can be used to 
explain at least 95 % of the total variance of 
the present system of characteristics. 

As described above, the factor charges de- 
picted in Table 3 are correlations between 
the characteristic and the factor, i.e. the 
factor is determined by the intensity 
(amount) of the correlation coefficient due 
to the characteristic (e.g. factor 1 correlates 
to 0.93 of the total extent of damage 01). 
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The characteristics, on the other hand, are 
determined on the basis of their correlations 
with the factors. 
n the present case: factor 1 can be regarded 
as the factor for the accident sequence (the 
high correlation with the total extent of 
damage to both vehicles). Factor 2 repre- 
sents the vehicle size of the driver causing 
the accident (output and mass) and factor 3 
indicates the vehicle size of the person in- 
volved in the accident. Finally, the severity 
of the injuries and the age of the driver 
causing the accident predominate in factor 
4. 

The sex of both drivers, the original regis- 
tration of the vehicle involved in the acci- 
dent as well as the age and extent of injury 
to both drivers could not be explained on the 
basis of the factor system; the communali- 
ties for these characteristics are smaller than 
the maximum random value of the correla- 
tion coefficient which amounts to approx. 
0.05 in 1,500 cases (with an error probabil- 
ity of 0.05). This means that the variations 
of these characteristics cannot be attributed 
to the other characteristics. They are either 
independent input parameters for this total 
system, or they are influenced by other 
characteristics not yet contained in the sys- 
tem. If the accidents can be described more 
extensively by supplying additional accident 
characteristics (in particular those describing 
the circumstances and sequence of events 
leading up to the accident), then one can 
rightly expect to uncover new findings in 
accident research by using the factor analy- 
sis method. 
Comparison with the United States - The 
General Estimates Systems (GES) database 
contains a representative random sampling 
of the traffic accidents that have occurred in 
the United States of America. For the year 
1994, there are 13,702 rear-end accidents in 
all locations contained in the random sam- 
pling totaling 55,759 accidents. The random 
sampling also includes rear-end accidents 
caused by or involving trucks. Compared 
with the results for Germany, the following 
similarities and differences were found with 
regard to rear-end accidents: 

Similarities 
- a dominance of male drivers responsible 

with a high number of young and eld- 
erly drivers 

- rear-end accidents usually occur on dry 
pavement ( > 70%) 

- rear-end accidents frequently occur at 
good visibility (no rain, fog) - approx. 
75% 

- drivers responsible frequently drive old 
vehicles (> 5 years) 

- inattentiveness is virtually the sole rea- 
son for rear-end accidents 

- low collision speeds, 63 % of all U.S. 
cases occur at less than 32 km/h (= 20 
mph) 

Differences 
- higher proportion of rear-end accidents 

at junctions and crossings in the U.S. 
(USA 44 70, Germany 27 % (mean 
value for country roads and the auto- 
bahn)) 

- more rear-end accidents in daylight in 
U.S. (USA 79%, Germany 55%) 

- based on their share of traffic, luxury 
vehicles cause fewer rear-end accidents 
in U.S.; the opposite trend has been 
found for Germany 

- the speed limits are lower in the U.S. : 
50 % of all rear-ending vehicles occur 
while the vehicle is travelling slower 
than 32 km/h ( =20 mph) and 78 % 
slower than 56 km/h (=35 mph) 

- there is a greater number of rear-end 
accidents involving stationary vehicles 
in U.S. (86 % in the U.S., about 50 % 
in Germany) 

- there is a greater number of rear-end 
accidents at junctions with traffic sig- 
nals in U.S. (26 % USA, 14 % Ger- 
many) 

Additional findings for the U.S. 
- in 72 % of all rear-end accidents, the 

driver responsible for the accident does 
not react to prevent the accident; in 11 
% of all cases, he attempts to brake 

- 90 % of all drivers causing accidents do 
not suffer injuries 

- the influence of alcohol was cited in 3 
% of all rear-end accidents 
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- the airbag activated in 1.4 % of all 
cases 

Table 3: 
Factors for the analysis of rear-end- accidents 

Minimum: 2,08E-04 3,69E-04 6,99E-04 1,19E-06 
Maximum: 054712 0,33685 0,08561 0,06419 

The differences shown above can be ex- 
plained by, among other things, the differ- 
ence in traffic conditions and the difference 
in driving behavior in both countries. The 
above-mentioned differences should also be 
taken into consideration when using the ac- 
cident data. 

ACCIDENT AVOIDANCE AND 
SAFETY BENEFITS 

The safety benefits that can be achieved by 
putting the AAC system on the market can 
only be estimated, since there are no past 
figures available on the number of cars 
equipped, no past information on the system 
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properties of the standard product nor any 
practical experience, among other things. 

Assuming that 
- it is not possible to detect stationary 

objects 
- that speeds exceed 40 km/h 
- that all cars (100 %) are equipped with 

an AAC system 
- that the system functions properly 

first generation ACC systems would influ- 
ence the outcome of approximately 40 % of 
all car to car rear-end accidents on country 
roads and 60 % on the autobahn. 

Even if the focal point of rear end crashes 
with personal injuries is characterized by a 
crash into a stopping car or a car with a 
speed lower than 40 kph, the number of 
crashes which might be influenced by AAC 
is considerable: 

autobahn - approx. 7,000 rear-end 
accidents involving per- 
sonal injury and about 
12,000 persons involved 
in accidents (= approx. 
27 % of all autobahn ac- 
cidents involving per- 
sonal injury) 
- approx. 2,000 rear-end 
accidents involving se- 
vere material damage (= 
approx. 12 % of all 
autobahn accidents in this 
category) 
- approx. 20,000 rear- 
end accidents involving 
minor material damage 
(= approx. 12 % of all 
autobahn accidents in this 
category) 
- reduction in accident 
costs by approx. 440 
million Deutschmarks 

country road - approx. 7,100 rear-end 
accidents involving per- 
sonal injury and 11,000 
persons involved in acci- 
dents (= approx. 6 % of 
all accidents involving 

personal injury on coun- 
try roads) 
- approx. 1,100 rear-end 
accidents involving se- 
vere material damage (= 
approx. 3 % of all acci- 
dents in this category on 
country roads) 
- approx. 11,000 rear- 
end accidents involving 
minor material damage 
(= approx. 3 % of all 
autobahn accidents in this 
category) 
- reduction in accident 
costs by approx. 350 
million Deutschmarks 

The cost volume was estimated using recog- 
nized cost records (Deffke et al, 1995). 
Zierden (1997) cites a value of 36,000 
Deutschmarks as an orientation value for the 
average amount of damage in rear-end acci- 
dents involving personal injury. This value 
contains an amount of 17,000 Deutschmarks 
for material damage and 19,000 Deutsch- 
marks for personal injury and has been cal- 
culated from rear-end accidents in all road 
classes. The comparatively low average is 
explained by the low subsequent damage in 
the case of rear-end accidents. 

In view of the fact that in the foreseeable 
future only a small number of vehicles will 
be equipped with the ACC system (only 
newly registered cars) and bearing in mind 
that there is only a limited possibility of 
avoiding rear-end collisions, it can justifia- 
bly said that the practical impact of first 
generation of ACC systems will be lower by 
a factor of 10. This would then mean that 
the first generation ACC system will influ- 
ence the outcome of less than 2 % of all 
autobahn accidents and less than 0.3 % of 
all accidents occurring on country roads. 

These percentages are very low, although 
the safety benefits to persons involved in ac- 
cidents and potential material damage must 
not be overlooked. If 10 % of all cars were 
equipped and the above-mentioned assump- 
tions are applicable, then the safety benefits 
(per year) would still amount to about 2,300 
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persons involved in accidents and approxi- 
mately 80 million Deutschmarks. 

SYSTEM REQUIREMENTS AND OUT- 
LOOK 

Traffic safety can be improved by devel- 
oping new technologies. As becomes clear 
using the ACC system as an example, such 
systems must be highly efficient to make 
their influence felt in traffic accidents. In 
the case of the ACC system, it appears im- 
perative to make detection of stationary and 
slowly traveling vehicles possible, to en- 
hance the efficiency of the system and to 
extend its field of application to country 
roads and streets within city limits. 

Since drivers cause rear-end accidents as a 
rule out of inattentiveness and since the 
regulatory process is subject to compara- 
tively simple marginal conditions, the de- 
velopment of the ACC system is basically 
promising for situations involving rear-end 
accidents. More details about the speeds in 
rear-end accidents and the follow-up costs of 
the accidents are necessary in order to be 
able to more exactly differentiate costs and 
benefits. 
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