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Evaluation of In-vehicle safety devices 

Abstract 

The aim of the study is to give an overview over the currently existing evaluation studies 
about the following In-vehicle safety devices: 
• Car dynamics, including ABS, traction control (ASR), electronic stability program

(ESP) and Heading control,
• Distance keeping / Autonomous (adaptive) cruise control (ACC),
• Collision avoidance.
• Alcohol and drug control,
• Driver alertness monitoring,
• Vision enhancement,
• Pedestrian monitoring /Blind corner monitoring,
• Route information systems.

Each system is evaluated under four aspects: 
technical description, interaction concept, expected effects for traffic safety and 
behavioural studies. 
The technology analysis shows the importance of a detailed technical description as 
integral part of a behavioural evaluation study. Under identical names and abbreviations 
(e.g. ACC) systems with quite different lay-outs and functionality are subsumed. It is 
sure that different lay-outs and system parameters can influence the results of 
behavioural analyses in a significant way.  
The interaction concept covers the question, whether the system is activated by the 
user or operates automatically and self-paced. 
The prediction of effects on traffic safety is based on global or detailed accident 
analyses and on expert evaluations. 
Behavioural oriented evaluation studies could be found for ABS, ACC and collision 
avoidance systems. A few studies are published for driver alertness and some for route 
information systems. For the other systems evaluation studies with respect to driver’s 
behaviour are rare or not existing. Especially long-term studies or investigations about 
motivational effects or changeover of risk behaviour couldn’t be found. 

The report finally presents a description of an ideal research and development process. 
This process starts with the identification of deficits and problems of drivers, followed by 
an analysis of the reasons behind the actual behavioural problems (e.g. handling 
deficits or motivation deficits). On the basis of the parameters identified in these first two 
steps, not only the design and technical test-procedures, but, also the appropriate 
evaluation and product marketing must be performed.  
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Evaluation of In-vehicle safety devices – literature survey 

1 Introduction 

Traffic density increases and consequently risk potential for each driver rises. Also the 
amount of information which could be transferred to the driver grows. Up to now it is not 
clear or sure, whether much information is helpful to the driver.  
Currently two main streams to solve these problems are discussed: 
 Telematic systems,
 transfer of traffic to public transport.

Fig. 1: Overview 

Telematics, a combination of tele-communication and informatics, covers a wide range 
of systems, from complex and interrelated systems like traffic management on the one 
side, till simple stand-alone systems like reversing aids on the other. Telematics seems 
to be a subject, difficult to define with a fuzzy set of systems. As WEYD states: „La té-
lématique routière ... Elle ressemble à un grand laboratoire où seraient menées d’ in-
nombrables expériences, souvent pragmatiques, parfois empiriques, dans des do-
maines de pointe, dont on ne maîtrise pas encore toutes les combinaisons.“ (1996, p. 
27). 
Even if the definition is not precise and the effects of telematic systems are discussed 
controversially, there is no doubt about the market potential of telematics. HILGEN-
DORF (see IV, 1997e, p. 519) postulates a market with a turnover of more than 100 mil-
lion DM per year.  

Active safety devices can be seen to some extent as subset of telematic systems. Even 
it is intended not to need or use tele-communication for the operating of the systems, 

Traffic density increases Amount of information in-
creases 

Problem solving by telematics ? 
Telematik als Lösung? 

Problem solving by public
transport?  
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some of them would work with higher performance with additional information from oth-
er cars or an information centre. The restriction to on-board systems without the need of 
any infrastructure is merely influenced by financial and political than by technological 
reasons. 
But, as a matter of fact, autonomous, In-vehicle safety devices are developed and will 
further be developed. As for the whole group of telematic systems the potential benefit 
must be evaluated. 
 
Data base for the study: 
Basis for the current study was a literature survey, based on several sources: 
 A former literature study on ‘telematics and traffic safety’ (BASt project, FÄRBER & 

FÄRBER, in press), 
 the relevant journals on traffic safety and ergonomics, 
 project and laboratory reports, 
 conference proceedings, like ITS conference reports 
 a literature search in 4 data banks: 
 Motor Industry Research Assoc., Nuneaton, UK (MIRA),  
 Nat. Tech. Info Service, Springfield VA, USA (NTIS), 

 Engineering Index Inc., Hoboken NJ, USA (IEEE), 
 Forecast International, Newtown CT, USA, 

 Search with different search machines in world wide web. 
 
Because telematics is a rapidly developing field, the danger of any report about the ac-
tual status of telematic systems and also evaluation studies is to be obsolete after a 
short period of time. Thus, also studies currently being under work are reported, giving 
the reader the opportunity to inform about the outcome of the studies in the next time. 
 
Goal of the study: 
Within the framework of GADGED the goal of the present study is, 
to find out, where evaluation deficits for In-vehicle safety devices exist, in order to  
develop evaluation criteria in a further study. The detailed description of the technology 
is a precondition to analyse the possible impacts of such systems as well as the value 
of the behavioural studies. 
As first step the relevant systems are analysed with respect to technology and available 
evaluation studies.  
Finally a research guideline is proposed for the development of In-vehicle safety devic-
es and the selection of appropriate evaluation procedures. 
The authors are well aware of the fact that a meta-analysis of the existing evaluation lit-
erature would also have been a sensible approach. A meta-analysis allows an evalua-
tion and combination of different studies with respect to their methodological precise-
ness, number of subjects, number of variables controlled, etc. A weighted combination 
of the single studies (according to the above mentioned criteria) comes to a single val-
ue, representing for example ‘expected effect on traffic safety’. However, as will be clear 
from the report, the evaluation studies differ so much and the systems analysed are by 
no means technical identical (even if the have the same name) that a meta-analysis is 
currently not sensible. 
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2 List of the analysed systems 
 
Analysed are systems, which can be classified under the heading „In-vehicle safety de-
vices“, i.e. systems installed in vehicles to increase car and/or traffic safety. Not covered 
are passive safety devices only moderating the consequences of an accident.  
In accordance with this definition the following systems are analysed with respect to : 
 Technology, 
 interaction concept (warning or intervention system), 
 expected influences on traffic safety, not minding whether this is based on individual 

behaviour or the change of the whole traffic system 
 performed evaluation studies. 
 
List of the systems: 
1. Car dynamics 
 Anti-block systems (ABS) 
 Traction control systems (ASR) 
 Electronic stability program (ESP) and Adhesion monitoring 
 Heading control systems (HCS) 
2. Distance keeping - Adaptive Cruise Control 
3. Collision avoidance 
4. Reversing aids / Parking aids 
5. Alcohol and drug control 
6. Driver alertness monitoring 
7. Vision enhancement 
8. Pedestrian monitoring / Blind corner monitoring 
9. Route information systems. 
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3 Analysis of the systems 
 
This chapter analysis the above listed In-vehicle safety devices with respect to: 
 Technology, 
 interaction concept (system-paced, initiated by the driver or on demand of the driv-

er), 
 expected effects on traffic safety, 
 evaluation studies, if available. 
 
Regarding the expected effects on traffic safety, there are five aspects to consider: 
 
1. The system offers a possible increase of safety to the driver, due to better infor-

mation. 
 
2. Traffic safety can decrease, if the system requires a high mental load of the driver: 

Mental load is high, if there is a need for an intensive dialogue, if the informational 
content is high, if the driver is ‘forced’ to answer the system, if the driver cannot in-
terrupt communication. 

 
3. Traffic safety can decrease, if the system causes a high sensory distraction of the 

driver. This happens, if the system, for example, demands long and often glances or 
the driver gets distracted from driving, because he has to handle the system one- or 
both-handed. 

 
4. A very crucial aspect is safety in the situational context. Here traffic safety of all traf-

fic participants is to consider, not only the safety of the driver and the vehicle. 
Speeding in turns, for example, not only endangers the driver and his car, but also 
following or approaching cars and pedestrians. 

 
5. After all, traffic safety can decrease, when the driver gets an unjustified feeling of 

safety, because of the In-vehicle safety devices, making him drive more risky. 
 
The expected effects on traffic safety in chapter 3.1 to 3.9 are based on the rating of 23 
experts, working on traffic safety. The rating was done on a 5-point rating scale on the 
above cited aspects 1 - 4 (FÄRBER & FÄRBER, in press).  
Aspect 5 was not evaluated by the experts because the knowledge concerning this as-
pect is extremely weak. The evaluation of aspect 5 would only have been a ‘very per-
sonal sight’ of the experts.  
If available, accident statistics and other theoretical analyses concerning the expected 
effects on traffic safety, were mentioned. 
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3.1 Car dynamics 
 
3.1.1 General description 
 
Systems to improve longitudinal or lateral control are in the stadium of implementation 
or right before that status. How far these systems provide a risk reduction or a higher 
risk (cf. risk homeostasis theory, WILDE, 1978) is currently an open question.  
 
 
3.1.2 Car dynamics – interaction concept 
 
Systems under development, implementation or market penetration act either self-
paced and automatically by reducing engine power or changing shock absorber charac-
teristics, or by warning the driver by haptic-kinaesthetic signal on the gas pedal or steer-
ing wheel. 
 
Examples form literature for self-paced car dynamics systems: 
ABS and ASR (GIES, 1991), active roll stabilisation from Bosch (SCHÖTTLE et al., 
1996), the acoustic friction sensor from BMW and Porsche, the stability program ESP 
from Mercedes-Benz. General descriptions on car dynamics are given  by HAMBERG-
ER et al.( 1996 a, b), a system for speed regulation for BMW is explained by MOSER 
(1996). 
 
Examples from literature for warnings: 
Driver assistance systems (REICHART, 1996; STANTON, 1995), a warning system for 
lane-keeping from Mitsubishi (JEDA, 1996) or a lane keeping assistant (AI, 1996 a; 
BRAESS & REICHART, 1995 b). 
 
 
3.1.3 Car dynamics – expected effects  
 
Concerning car dynamics, we can report expected effects on 
 car dynamics, working automatically and 
 warnings, concerning car dynamics. 
 
According to experts’ evaluation (compare aspects 1 - 4 in chapter 3) automatic influ-
ence of car dynamics 
 offers a small amount of information, 
 the mental load of the driver is expected to be medium, 
 also sensory distraction of the driver is expected to have a medium level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
Warnings concerning car dynamics, after experts’ evaluation, 
 offer a high amount of information, 
 the mental load of the driver is expected to be medium, 
 sensory distraction of the driver is expected to reach a high level and 
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 the impact on traffic safety, seen in a situational context and taking into account the 
traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
In particular the following systems are discussed under the general heading driving dy-
namics: Anti-block systems, traction control, electronic stability program and heading 
control. Even systems for distance control, often called Autonomous or Adapative 
Cruise Control systems (ACC), belong to the same group of active safety devices, these 
systems are treated separately. They origin from a different starting point, the cruise 
control integrating distance information. 
 
 
3.1.4  Anti-block system (ABS) 
 
Anti-block systems are known under different names like ABV, ABS, and ABS plus.  
They improve the qualities of the car during braking especially on surfaces with different 
friction parameters on different wheels. These differences are called -split. 
 
ABS is the first realisation of a whole family of friction control and improvement systems, 
followed by traction control (ASR) and electronic stability program (ESP). The basic 
technical aspects of friction control are shown in figure 2. 
 
 

 Fig. 2: Basic aspects of tyre-road friction monitoring  
  (compare: BRAESS & REICHART, 1995).  
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3.1.4.1 ABS - interaction concept 
 
Anti-block systems are only active as long the driver presses the braking pedal. Further, 
a hard braking action is necessary. The feedback is a moderate pulsation of the braking 
pedal and a sound in some (especially older) cars. 
 
 
3.1.4.2 Technology of ABS 
 
ABS (Bosch): 
This system is designed to prevent blocking the wheels of a vehicle during hard braking 
manoeuvres to guarantee maximal deceleration rate as well as the possibility to steer 
while braking.  
 

Components: 
The system consists of optoelectronic wheel revolution sensors, additionally valves in 
the braking circuit, and a processing and control unit.  
 

Principle of operation: 
The rotation velocity of each wheel is measured. If the driver presses the braking pedal, 
a control unit modulates individually the pressure for the brake cylinder of each wheel in 
accordance with its revolving speed. The modulation principle is to prevent each wheel 
from blocking as well as maintaining a maximum deceleration rate. ABS is activated 
whenever the engine runs. There is no possibility to switch off the system. The anti-lock-
system unit tests proper functioning itself together with a test of the whole braking sys-
tem whenever the engine starts, and continuously during driving. Failures of the system 
are displayed to the driver. If this occurs he is still able to brake conventionally without 
the anti-lock feature.  
 
 
ABS plus (ITT-Automotive):  
This system is designed to maintain a maximum of deceleration while braking, the pos-
sibility to steer while braking and takes different driving situations into account.  
 

Components: 
The system consists of optoelectronic wheel rotation sensors, a double brake pressure 
booster with pressure sensors, steering angle, yaw angle and lateral acceleration sen-
sors, a processing and control unit, additional valves in the braking circuit, and motor 
management control electronic.  
 

Principle of operation: 
The rotation velocity of each wheel is measured. Additionally the processing unit moni-
tors the dynamic state of the vehicle continuously. With its advanced signal analysis the 
system tries to detect whether the vehicle drives in a curve and/or is changing its state 
of load and reaches therefore the limits of adhesion of each individual wheel. The 
thresholds of the ABS controller are modulated on the basis of this signal analysis dy-
namically. When the driver brakes, the control unit not only raises or lowers the pres-
sure for the brake cylinder of each wheel in accordance with the adhesion of that wheel, 
but ABS plus influences the motor management to get additional deceleration if neces-
sary. The asymmetric distribution of pressure between the front wheels compensate the 
yaw momentum and therefore allows the driver to change direction during emergency 
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brakes. The rising of the ABS threshold at the outward wheel in a curve reduces the 
braking distance additionally. If the driver brakes during lane changing or zigzag cours-
es, the system is able to anticipate these manoeuvres using pattern recognition and 
compensates driver’s actions that would bring the vehicle into an unstable condition 
without the system. Goal of the advanced technique of ABS plus is: 
 first the maintaining of a maximum of deceleration (given a certain pressure of the 

driver on the braking pedal ), and  
 second to put or hold the vehicle in a stable driving condition.  
 
ABS plus is activated whenever the engine runs. There is no possibility to switch off the 
system. The ABS plus controller unit tests the proper functioning of itself and the whole 
braking system whenever the engine starts, and during driving continuously. Failures of 
the system are displayed to the driver. If this happens he is able to brake down conven-
tionally, but the blocking of wheels isn’t prevented and the ability of steering to avoid 
collisions while braking is reduced (FENNEL, 1998).  

 Fig. 3: ABS plus control circuit.  
 
 
3.1.4.3 Anti-block systems - expected effects 
 
GIES (1991) analysed on the basis of accident statistics, in which circumstances anti-
lock systems could be of any effect: they will be effective within all driving manoeuvres 
causing normally the blocking of one or more than one wheels. Drivers are not very 
keen to handle this complex regulation of side slippery and simultaneous braking (e.g. 
in a curve with changing friction of the ground). With an anti-lock system the manoeu-
vrability and stability of the car is improved. 
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In 40 % of the accidents an anti-lock system would have been effective. The author 
guesses that in 15 % of the observed accidents an anti-lock system would have been 
reducing accident consequences or preventing the accident. 
In detail: In 24 % of the cases under investigation the driver tried a combined steering 
and braking manoeuvre without being able to avoid the accident. Here an ABS would 
have been helpful. But, one prerequisite would have been the correct reaction of the 
driver, i.e. he had be familiar with the system. Furthermore, space for an evasive action 
would have been necessary, a condition which is often not given in urban areas.  
For accidents with pedestrians the percentage of blocking brakes is 68 %. The projec-
tion for ABS comes to a reduction of accidents to 5,8 %. 
For curve driving accidents, in coherence with a preceding braking manoeuvre, the ma-
noeuvrability would have been guaranteed in 6,6 % of all cases. 
On wet road surfaces together with higher speeds, a reduction of accidents of 3,4 % for 
cars with ABS is expected (GIES, 1991, p.185 ff). 
 
 
3.1.4.4 Anti-block systems - evaluation studies  
 
Statistical data analysis, EVANS (1998): 
 
EVANS (1998) examined statistical data comparing General Motors passenger vehicles 
having ABS as standard equipment (1992 models) and without ABS (1991 models). “Af-
ter correcting for model year effects not linked to ABS, the following associations be-
tween ABS and crash risk were found by averaging the data from five states” in the 
USA: 
 “a 10  3 % lower crash risk on wet roads than on dry roads, 
 a 22  11 % lower risk for a pedestrian crash (assuming no change for non-

pedestrian crashes), 
 a 39  16 % increase in rollover crash risk (assuming no change in risk for non-

rollover crashes). 
... It was found that for wet roads ABS reduced the risk of crashing into a lead vehicle by 
32  8 %, but increases the risk of being struck in the rear by 30  14 %.” (EVANS, 
1998). 
 
 
ABS study, COLLARD (1998): 
 
COLLARD (1998) reports results of ABS studies: many of them “demonstrated measur-
able reductions in multiple-vehicle collisions, the decrease in many cases was offset by 
an apparent increase in single-vehicle collisions for ABS-fitted vehicles, resulting in es-
timations of the net benefit of ABS of approximately zero.” (COLLARD, 1998). 
 
 
ABS field experiment, ROMPE et al. (1987): 
 
ROMPE, WALLRICH & SCHINDLER (1987) report a study  with 77 drivers having no 
experience with ABS who had to perform 5 different driving manoeuvres with and with-
out ABS. GIES (1991) summarises the results as follows: “Especially effective was ABS 
for a -split braking manoeuvre. Drivers were able to manage the situation more often 
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by the factor 6,27. For braking in a curve, neglecting the curvature, the standard vehicle 
left the road more often by the factor 2,7 – 2,75. No statistical significant advantages 
could be found for the manoeuvres get out of the way and straight braking .Even if the 
drivers knew that the collision with a suddenly appearing obstacle could be mastered 
only by braking and simultaneous steering, most reacted only by braking. Steering ma-
noeuvres which could solely not be successful, were tried quite seldom.” (GIES, 1991, 
p. 143) 
 
 
ABS field experiment, ASCHENBRENNER et al.: 
 
The question, whether the knowledge about the safety gain of an ABS influences speed 
and distance behaviour is very important for the evaluation of such devices. Especially 
because this knowledge is incomplete, e.g. ‘ABS reduces braking distances’, the driver 
will have a wrong expectation. This assumption is supported by ASCHENBRENNER, 
BIEHL & WURM, (cited after GIES, 1991), who found a more risky and offensive driving 
behaviour with ABS. Questions on the effects of ABS are answered by the drivers with 
too high expectations and an overestimation of the advantages. Very often shorter brak-
ing distances, disregarding road surface conditions, are named. Also better lateral con-
trol , even for situations without braking, are supposed by the subjects. 
 
 
Test track performance evaluation of ABS, FLICK & FORKENBROCK (1998): 
 
FLICK & FORKENBROCK (1998) report that a number of statistical analyses of crash 
databases have shown that the introduction of ABS does not appear to have reduced 
the number of automobile crashes for certain situations. While it appears that involve-
ment in multi-vehicle crashes on wet roads have been reduced with ABS, these reduc-
tions were offset by an increase in the frequency of single-vehicle, run-off-road crashes 
(rollovers or impacts with fixed objects). Because causes are unknown the authors con-
ducted tests using current ABS systems on a wide range of road surface conditions and 
maneuvers. The surface conditions include as wide range of real-world conditions as 
possible, including high and low coefficient surfaces, off road surfaces, transitions 
across surfaces, and rough road surfaces. With this test FLICK & FORKENBROCK 
want to identify possible correlation with the types of crashes noted in the crash studies.  
 
 
Questionnaire of NHTSA concerning ABS (1998, current): 
 
The National Highway Traffic Safety Administration (USA) is sending out a question-
naire by WWW. 34 questions concerning relevant parameters of persons (e.g. driving 
experience), car equipment (ABS), functioning of ABS, personal experience with ABS 
and if the subject wishes more information about ABS. 
Data collecting is still running, first results should be available until the end of 1998.  
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3.1.5  Traction control systems (ASR, ETS)  
 
3.1.5.1 General description 
 
Traction control systems are designed to maintain a maximum of friction between tyres 
and road surface, regardless of the road condition. In this sense, these systems are dy-
namically adapting evolutions of the well known differential gear box systems of conven-
tional cars.  
 
 
3.1.5.2  Traction control - interaction concept 
 
Traction control systems are self-paced systems which cannot be influenced by the 
driver. 
 
 
3.1.5.3 Technology of traction control systems 
 

Components:  
As basis of the traction control system the revolving speed sensors of each wheel of the 
ABS are taken. A control unit to compare the rotation speeds, an actuator system to act 
on the motor management and/or power distribution between wheels to reduce power 
for wheels individually, and a feedback device to inform the driver whenever the system 
is in action.  
 

Principle of operation:  
While the differential gear box looks only for rotation differences between the two 
wheels at the propeller shaft, the traction control system takes into account all four 
wheels. It calculates the friction conditions for each wheel with a high sampling rate. 
Whenever the rotation speed of one wheel indicates lost of friction, the power manage-
ment and power distribution system reduces the power for this wheel without influencing 
the other wheels. Goal is to maintain a maximum of friction of the whole vehicle. When-
ever the system starts to control the friction automatically, an indicator lamp informs the 
driver that he has reached the physical borders of friction between wheels and road. 
This should help the driver to get aware of the situation and/or to learn to avoid such 
situations in the future. (BRAESS & REICHART, 1995). 
 
 
3.1.5.4 Traction control systems - expected effects 
 
‘AST is designed to improve stability and manoeuvrability in driving situations character-
ised by high acceleration and high lateral forces. On the basis of accident statistics 
GIES (1991) supposes an influence of ASR in 5.5% of all accidents - but only if drivers 
haven’t entered the curve too fast. These 5.5 % can be divided as follows: 
 In 5.1 % ASR could be effective on snowy or icy roads, uphill or downhill. 
 ASR is especially helpful for light rear-wheel driven vehicles, tending to unstable 

manoeuvring conditions due to high power engines. 0.4% of accidents could be 
avoided for this group of vehicles with ASR (GIES, 1991, S. 187 ff). 
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ASR is more and more implemented in buses. During wintertime traction control can 
doubtless improve handling qualities of buses. Severe bus accidents are mostly caused 
by other factors like too long working hours of the drivers and other traffic participants 
(c.f. FÄRBER et al., 1995). 
 
 
3.1.5.5 Traction control systems - evaluation studies 
 
No evaluation studies are available. 
 
 
3.1.6 Electronic stability program (ESP) and Adhesion monitoring system 
 
3.1.6.1 General description 
 
ESP systems are the next step in the evolution of systems to prevent unexpected driv-
ing conditions, regardless of bad road conditions and/or inadequate driver actions. ABS 
systems show their potential only in the case of emergency braking or braking with dif-
ferent friction for each tyre (-split). ASR/ET system concentrate on the friction of the 
wheels but manipulate only the power transmission to each axle in critical friction condi-
tions. The new developed ESP systems will control the yaw and roll behaviour of the car 
to stabilise the course of the vehicle in critical driving situations without any active input 
of the driver. 
 
 
3.1.6.2 ESP and AMS - interaction concept 
 
ESP acts self-paced and can normally not be switched of by the driver(exception AU-
DI).AMS is a warning system without any direct influence on car or car dynamics. 
 
 
3.1.6.3 Technology of ESP and AMS 
 
ESP (ITT Automotive / Audi):  
This system is designed to combine ABS, ETS and ASR into one system which controls 
the whole driving dynamics of a car.  
 

Components:  
The system consists of sensors for individual wheel rotation speed, additional sensors 
to measure slip, yaw, oblique run of wheels, lateral and longitudinal acceleration and 
forces, a steering angle sensor, and sensors recording the pressure of the braking pow-
er booster and the force the driver puts onto the braking pedal. A processing and control 
unit to process the sensor signals, and an actuator system to vary the braking forces for 
each wheel individually, a braking controller and a controller to manipulate the motor 
management, an indicator to inform the driver whenever the system is in action.  
 

Principle of operation:  
On the basis of the sensor signals of the ABS and the additional sensor data, the pro-
cessing unit develops a complete picture of the dynamic state of the vehicle in time and 
the driver’s intentions with respect to steering angle, driven speed and braking pressure. 
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A very quick operating model - based comparison process - decides which action is 
necessary to stabilise the movement of the vehicle. The controller uses a single lane 
model of drive dynamics and calculates a target yaw rate. This target signal is used to 
calculate target values for the motor management and the braking system. Both target 
values superimpose the otherwise calculated ABS and ASR target values. The control 
actions are performed for each wheel individually. An indicator informs the driver when-
ever the system is in action (FENNEL, 1998). 
 
The AUDI system differs from the ITT system mainly in the interaction concept. It can be 
switched off, but reactivates whenever the driver brakes. A flashing indicator informs the 
driver that the system is in action (MANN, 1997). 
 
 
Adhesion monitoring system AMS (Porsche):  
The adhesion monitoring system of Porsche is a totally different approach. The system 
doesn’t influence any vehicle parameters to prevent dangerous driving situations. In-
stead of that the actual driving dynamics situation is displayed, leaving the responsibility 
to decide and to act at the driver.  
 

Components:  
Sensors to measure wheel rotating speed, yaw variation speed, steering angle, lateral 
acceleration. Acoustic sensors to estimate the amount of water on the road, and oblique 
run sensor to detect ice on the road. A processing unit and a display to show the driver 
his actual state.  
 

Principle of operation:  
The sensors are comparable with that of the ESP systems. Also the processing and 
knowledge basis are similar. In addition to ESP systems the AMS measures the road 
condition to detect danger of aquaplaning with acoustic sensors. An oblique run angle 
measuring device is responsible for ice detection. It is known, that the thickness of a 
water film on the road correlates with the sound level in the wheel casings. Ice on the 
road surface influences the dynamic behaviour of the oblique run angle.  
 
In contradiction to the other developers of driving dynamic assistant systems, Porsche’s 
system is not designed to act automatically. The system only displays the dynamic state 
of the wheel adhesion together with the borders of safe driving (adhesion potential) with 
respect to driving dynamics in a 2-dimensional space (longitudinal and lateral accelera-
tion). The display is designed to help the driver to identify the source of the problem. 
The adequate reaction to reestablish a stable condition is up to him (WINTERHAGEN, 
1995). 
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 Fig. 4: Adhesion potential display (compare: WINTERHAGEN, 1995). 
 
 
3.1.6.4 ESP and AMS - expected effects 
 
ESP became popular in conjunction with the elk-test of the A- Mercedes. The value of 
this test is controversial amongst experts. ESP seems to be a necessary feature for a 
completely new generation of cars, characterised by short wheelbase in relation to the 
height of the car. The high centre of gravity of these vehicles can be compensated by 
electronic means. Further effects for traffic safety are currently not known. 
 
 
3.1.6.5 ESP and AMS - evaluation studies 
 
No evaluation studies are available. 
 
 
3.1.7  Heading control systems (HCS)  
 
3.1.7.1 General description 
 
The development of lane keeping systems or of systems assisting the driver in lane 
keeping follows different directions. The main differences between the systems concern 
the sensors and feature detection devices as well as differences in car-driver interac-
tion.  
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3.1.7.2 Heading control systems – interaction concept 
 
Heading control systems are designed as warning as well as intervention systems. 
Warnings are presented in principal in all sensory modalities: optical, acoustical and 
haptic. Automatic interventions bringing the driver back to the ‘right’ way lack often in-
formation about driver’s intentions or the surrounding traffic. 
 
 
3.1.7.3 Technology of heading control systems  
 
HCS (BMW):  
The "Fahrerassistenzsystem" of BMW uses a classic feature detection approach to 
evaluate driver's deviation from the best course in the lane. If an important deviation is 
detected the system tries to bring the driver back to the centre of the lane applying addi-
tional steering wheel forces in the appropriate steering direction.  
 

Components:  
A video camera with a feature detecting unit, a processing unit, a steering wheel actua-
tor.  
 

Principle of operation:  
A video camera is mounted on the inside rear-view mirror to monitor the traffic lane and 
vehicles ahead. A feature detector unit analyses parts of each frame (method: "area of 
interest") and is able to recognise the lane bordering lines. Thus the unit is able to cal-
culate the relative position of the vehicle in the lane. The position is continuously com-
pared to the hypothetical position of an ideal ride. If the driver leaves this ideal course, 
the control unit adds a momentum onto the steering wheel to force the driver back in the 
right direction. If the driver releases the steering wheel, the system is automatically 
switched off.  
 
The steering wheel forces are more seen in the sense of a warning. Therefore, the driv-
er can override the system under all circumstances. 
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Fig. 5:Principle of BMW's Heading control (from: BRAESS & REICHART, 1995) 
 
 
HCS (Mitsubishi):  
MITSUBISHI has been working on three different systems to keep the driver in the lane. 
The first approach is similar to the BMW approach. The second approach uses only lat-
eral acceleration and reduces motor power if too high accelerations are detected. This 
is a solution in between a HCS and an ESP system (see above). The third approach is 
not a strictly in-vehicle solution but uses external sources of information to decide 
whether speed and acceleration of the vehicle are inadequate.  
 

Components (HCS, 1st):  
A lane detection camera, a steering angle sensor, vehicle speed sensor, yaw velocity 
sensor, a turn signal switch monitor, and a buzzer for warning sounds.  
 

Principle of operation (HCS, 1st):  
The system monitors lane guidelines with a video camera and warns the driver by an 
acoustic signal if he deviates from the lane.  
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 Fig. 6: Mitsubishi’s lane deviation warning system architecture (1)  
  (from: JEDA, 1996, p.27).  
 
 
The principles of lane detection and detection of significant, dangerous deviations from 
the lane are not specified. The warning philosophy is - in short - inadequate. The warn-
ing beep of the lane deviation device has no informational contents! (JEDA, 1996). 
 
 
Components (HCS, 2nd):  
A not specified sensor for lateral accelerations, a device which is able to reduce the mo-
tor power.  
 

Principle of operation (HCS, 2nd):  
This system, similar to heading control, uses Fuzzy-Logic to prevent wrong handling of 
the car. If the system detects a dangerous lateral acceleration, the motor power is re-
duced. It is not possible to evaluate this system because no details of operation, accel-
eration thresholds or displays for driver's information are specified (ATZ, 1993). 
 
 
Components (HCS, 3rd):  
A system of external beacons transmitting radius of curves and corners to the car, vehi-
cle speed sensor, accelerometer, steering wheel angle sensor, a not specified warning 
device, and an actuator system to brake the vehicle automatically.  
 

Principle of operation (HCS, 3rd):  
The system receives information concerning the radius of approaching corners and 
curves from roadside beacons and warns the driver, if the car is running too fast. If the 
driver ignores the warning, the system automatically reduces vehicle’s speed. It is not 
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possible to evaluate this system because of the missing details on operation, warning 
signals, and operational thresholds (JEDA, 1996).  
 
 
HCS (research):  
This vehicular steering system named ‘cooperative co-pilot’ is developed to assist the 
driver to keep vehicle in the lane safely.  
 

Components:  
A not specified device to recognise the road curvature and width ahead, sensors for lat-
eral acceleration and steering angle, other not specified vehicle motion variables, a 
computing and decision unit, an actuator to correct the steering actions of the driver.  
 

Principle of operation:  
The design concept is a steering control system with the driver and co-pilot operating at 
the same time. The developed co-pilot can monitor driver's control actions and correct 
them if necessary. The co-pilot can generate the bounds of feasible steering angle by a 
special designed controller, and it can determine whether the appropriate steering cor-
rection should be applied. The previewed road curvatures are utilised and shaped as 
control references by a developed guidance law to reduce vehicular lateral acceleration. 
Vehicle motion variables and road width are also employed for generating suitable zone 
of steering angle.  
 
 
3.1.7.4 Heading control systems - expected effects  
 
Theoretically heading control systems should have a serious effect on traffic safety. 
Single accidents due to lateral control errors – associated with too high speed – are a 
problem especially for rural areas. Systems really helpful to the driver are going into the 
direction of automated driving. The current development status of the systems allows no 
serious estimation of the effects. 
 
 
3.1.7.5 Heading control systems - evaluation studies 
 
No evaluation studies were available. 
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3.2 Distance keeping – Adaptive cruise control 
 
3.2.1 General description 
 
The aim of distance keeping systems is the regulation of a safety distance to a leading 
car. Mostly systems for automatic cruise control are augmented with this feature. They 
are known under the name ACC (Adaptive Cruise Control), AICC (Autonomous Intelli-
gent Cruise Control) or ADR (Automatic Distance Regulation). The main difference be-
tween distance keeping and collision avoidance is the lacking ability of ACC-systems of 
adequately reacting to stationary objects. They cover different safety problems, behav-
iour patterns and expectations of drivers. Therefore a distinction between the two sys-
tems is commonly accepted. 
 
Examples from literature: AICC or ACC (AI, 1996a; CHALOUPKA et al., 1998; DORIS-
SEN & HÖVER, 1996; HIPP & JUNG, 1997; REICHART & HUBER, 1998; WINTER-
HAGEN, 1995; WÖRDENWEBER et al., 1996), ADR (HAMBERGER et al., 1996a, b), 
Manoeuvring (GODTHELP et al., 1993). 
 
 
3.2.2 Distance keeping – interaction concept 
 
Systems for distance keeping are in principal driver activated or de-activated. If they are 
activated they operate automatically regulating longitudinal control. Activation is current-
ly performed with a button, deactivation can also be done with a switch but is in any 
case performed by pressing the braking pedal. For liability reasons the driver gets a vis-
ual feedback when the system is in operation. 
 
 
3.2.3 Distance keeping – technology 
 
Autonomous intelligent cruise control systems (AICCS):  
 
AICC systems base on the cruise control systems taking the distance to vehicles ahead 
into account  

 
 Fig. 7: AICC definition (from: DORISSEN & HÖVER, 1996, p. 397). 
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Given a pre-set target speed the car will hold this speed but also adopt to lower speeds 
of leading vehicles according to traffic conditions. The systems varies in the sensors 
used, and in their viewing field. Radar sensors working in the milli- or microwave band, 
using the Doppler effect for maximal field of view in depth and wide, are able to detect 
targets even in curves not being affected by bad weather conditions. Laser emitting / re-
ceiving devices for maximal precision of measurement are small and easy to build in, 
but suffer from bad weather conditions like the human vision. The crucial point of all 
systems is the generation of a reliable image of the real world on the basis of non-visual 
information. For example radar can detect sharp edges at a far distance, but these are 
only edges and no images. They can be reflected from a tree, a bridge, a road sign or 
anything else. Laser is more precise, but only for small distances and good weather 
conditions. Without knowledge of the world and good models it is impossible to decide, 
what kind of obstacle is in the path of the car. To cover dynamic situations it is further-
more necessary to have knowledge on the history of the objects ahead. For example, a 
car coming from the overtaking lane into my lane can have a smaller distance because 
it is normally accelerating. 
Beside their knowledge base the systems vary in their warning philosophy, and the ex-
tend to which decelerations of the car are performed automatically.  
 
 
AICC (MAN):  
This system reflects most of the properties of European AICC systems. The observation 
range is restricted to the lane before the car small parts of adjacent lanes. The maximal 
deceleration in the automatic braking mode is moderate.  
 

Components:  
A radar sensor, a detection unit, a steering wheel angle sensor, a speed sensor, a pur-
suing unit, a central strategic unit with actuators affecting the motor management, the 
retarder, and the brakes, and a display and control unit to communicate with the driver.  
 

Principle of operation:  
The radar sensor in the front of the vehicle measures distance and azimuth of reflecting 
objets in front of the truck. The following detection unit combines the signals to distinct 
objects, calculates the quality of the object recognition and their distance. These data, 
the steering angle and the driven speed are input data of the pursuing unit. On the basis 
of the current course, the steering angle and the speed driven, this unit guesses the 
course of the lane ahead. This guess is used to determine the relevant proceeding ve-
hicle from all sensory objects. Position, distance and relative speed of this vehicle is 
transferred to the central strategic unit. This unit is able to classify the situation into one 
out of a set of typical traffic situations (i.e. approach to a slower vehicle, lane change of 
another vehicle to the own lane, leaving of another vehicle of the own lane, etc).The 
traffic situation chosen determines the sort of action the strategic unit performs. The 
strategic unit is able to control fuel injection, brakes and the retarder. Because of a false 
alarm rate >0 to irrelevant  stationary objects (e.g. trees along the roadside, a tin on the 
road) the maximal deceleration is limited to 2.5 m/s2for safety reasons. Hard unex-
pected and meaningless braking manoeuvres would endanger other traffic participants. 
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 Fig. 8: ACC system architecture from MAN  
  (compare: HIPP & JUNG, 1997, p. 405). 
 
 
The driver can choose the desired speed. Feedback about this speed is shown on the 
AICC display in the dashboard. If the system detects a vehicle in the same lane ahead, 
it displays an icon and starts to control the distance automatically. In accordance with 
the traffic situation cluster, recognised from the strategic unit, the system uses different 
control strategies and time lags (HIPP & JUNG, 1997).  
 
 
AICC (BMW):  
The system of BMW uses a broader detection area and is able to operate in two modes. 
In the driver assistance mode, the system influences the driver to maintain the appro-
priate distance to the vehicle ahead by means of an active gas pedal, in the automatic 
mode, the vehicle maintains the appropriate distance itself by manipulating the speed of 
the vehicle.  
 

Components:  
A laser distance measurement system to observe the lane ahead as well as the adja-
cent lateral lanes, sensors for speed, road conditions, and visibility, an input device for 
the desired speed, a controller unit, an ACC display unit, additional LEDs in the speed-
ometer, an active gas pedal, and systems to manipulate the speed via motor manage 
ment and brakes.  
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 Fig. 9: Adaptive intelligent cruise control (assistant mode) of BMW  
  (from: BRAESS & REICHART, 1995b) 
 
 
Principle of operation:  
The triple laser sensor system measures the distance and relative speed of the vehicles 
ahead. The sensor system is able to detect not only the next vehicle ahead in each lane 
but vehicles in front of them too. The control unit calculates from these data a dynamic 
picture of the whole traffic scene in front of the car. From the relative movements of the 
traffic around the car, hypotheses about the intentions of these moving objects, the 
driven speed, the condition of the road, the visibility depth, and the desired speed the 
system decides to accelerate, decelerate or hold speed  
In the assistant mode, the system influences the driving speed via the active gas pedal. 
In automatic mode, the system controls the speed itself via the motor management, the 
gear driven and at least via automatic braking actions. In both modes, the driver is able 
to override the vehicle actions at any time. The system is activated by the driver. It is 
switched off by a control, any braking action of the driver, or if the speed falls below 50 
km/h. The driver can determine the time lag (distance to the vehicle ahead) in three 
steps. (See: AI, 1996a; BRAESS & REICHART, 1995 a+b). 
 
 
AICC (Hella):  
This system uses the laser technology and different warning/action modes on the output 
side.  
 

Components:  
Infrared pulse laser sensor (LIDAR), a speed sensor, controller unit, warning display, 
and an automatic motor management and braking device.  
 

Principle of operation:  
The operation principle of the Hella system is similar to the others mentioned above.  
The system acts in different modes whenever the actual speed has to be reduced. In 
the comfort mode, speed reductions are performed in influencing the motor manage-
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ment and the gear box. In automatic braking mode, the system acts on the motor man-
agement and gear box too. Additionally automatic braking is supplied in several possi-
ble modes:  
 automatic braking of the system,  
 automatic braking only when the driver touches the brake pedal,  
 braking force controlled by the system,  
 braking forces of the driver and the system are added,  
 braking force of the driver is added only to the braking force of the system when the 

driver brakes harder than the system does.  
(see: AI, 1996a; DORISSEN & HÖVER, 1996) 
 
 
AICC (CTE, Bosch, Mercedes Benz):  
Celsius Tech Electronics (CTE), Bosch and Mercedes Benz developed similar systems 
on the basis of radar distance sensors (see above, AICC system MAN). The systems 
differ slightly in their controller strategies and the properties of the MMI.  
 

Components:  
Millimetre wave radar sensor with 130 m range. a feature extraction and pursuing unit, 
steering angle and speed sensors, a strategic unit with the possibility to influence the 
motor management, the gear box, and the brakes, displays and control units to interface 
with the driver.  
 

Principle of operation:  
These three AICC systems work on the basis of a millimetre wave radar for autonomous 
cruise control and collision warning/avoidance. The systems are designed to work on 
multiple line motorways, motorways and main roads. They only operate above a certain 
speed. The principle of signal processing is described elsewhere (above, AICC system 
MAN). The Mercedes Benz system ("Abstandsregel-Tempomat") is described in more 
detail because it will come to market in autumn 1998. The system uses a model-based 
neural distance controller, which directly gives control signals to throttle and brake. The 
neural network itself consists of a simple multi-layer feed forward perception network. A 
special training method is used where the neural network is trained on detailed nonline-
ar longitudinal vehicle model by minimising a cost function. Only a few simulated driving 
manoeuvres are necessary to train the controller. Practical road tests show, that the 
model-based neural distance controller can be used for intelligent autonomous cruise 
control as well as for distance control in stop & go-traffic. All systems control the driving 
speed in affecting the motor management, gear box and automatic braking up to a cer-
tain limit of deceleration. Only the system of Mercedes Benz supplies the driver with ad-
ditional warning messages, if the distance reduction exceeds a critical speed. All sys-
tems show their current state, target speed and the detection of vehicles ahead on a 
display. The controls for the driver are comparable to the former cruise control handle. 
(AI, 1996a; ERIKSSON & AS-BENGT, 1997; FRITZ, 1996).  
 
 
AICC (Porsche):  
This system differs from the others described above, having no facility of automatic 
braking.  
 



 24 

Components:  
Sensors and processing units of this system are comparable to the Hella system (see 
above).  
 

Principle of operation:  
The distance to preceding cars or obstacles in the lane ahead is measured by means of 
optical sensors (infrared band) from Leica. The calculated distance is compared with the 
target distance, computed from the speed driven. If the actual distance becomes small-
er than the target distance, the throttle valve position is influenced. Porsche does not 
plan any automatic actions on the brakes (WINTERHAGEN, 1995).  
 
 
3.2.4 Distance keeping – expected effects 
 
Distance keeping, according to the expert’s evaluation, 
 offers a medium amount of information, 
 the mental load of the driver is expected to be low, 
 also sensory distraction of the driver is expected to be low and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be positive (FÄRBER & 
FÄRBER, 1998). 

 
HIPP & JUNG (1997) postulate that systems assisting the driver to keep safety distanc-
es to leading vehicles would help to avoid or at least moderate accidents, caused by too 
short distances. On the basis of the accident statistics shown this would be for 9% of 
accidents with person injury. Taking into account also freight traffic, the percentage 
would increase to 15,6%. 
 
“On the basis of the GDV (German Insurance Association) large scale accident material 
an assessment has been made which part of car crashes with personal injury could be 
influenced by driver assistant systems.” (LANGWIEDER, FROST & BACH, 1998, p. 2). 
The statistics, used by the authors, comprise a total of more than 7000 rear-end acci-
dents - all of them involving personal injury.  
 
The safety benefits of the ACC system are estimated as follows: 
“Assuming that it is not possible to detect stationary objects, that speed exceed 40 
km/h, that all cars (100 %) are equipped with an ACC system, that the system functions 
properly, first generation ACC systems would influence the outcome of approximately 
40 % of all car rear-end accidents on country roads and 60 % on the autobahn.”  
But “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 justifiably 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 influence 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 assumptions are applicable, then the safety benefits 
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(per year) would still amount to about 2,300 persons involved in accidents and approxi-
mately 80 million DM.” (LANGWIEDER, FROST & BACH, 1998, p.18 f). 
 
 
3.2.5  Distance keeping – evaluation studies 
 
Investigation of AICC by TÜV-Rheinland, presented by DORISSEN & HÖVER (1996): 
 
TÜV - Rheinland made a series of field studies in real traffic situations. The parameters, 
to describe behaviour were: longitudinal dynamics of vehicles, video clips of driving sit-
uations and the corresponding opinion of the drivers. 
The conclusion, drawn by DORRISSEN & HÖVER is, that drivers are capable to handle 
the system safely. It is also expected that, with an AICC, the comfort of driving is in-
creasing and the influence on the traffic security is positive. 
The acceptance of the system and further developments are strongly related to the 
available sensors for distance measuring (p. 405). 
 
Results in detail (p. 402 f): 
The article reports only subjective results, the description is descriptive. 
An AICC driving test performed with 30 subjects without braking interference by the sys-
tem showed that the acceleration, conducted by the speed controller was rated ‘pleas-
ant’ and ‘sufficient’. Following another car was rated ‘pleasant’, ‘relaxing’ and ‘comforta-
ble’. The overall rating of the system was ‘secure’ respectively ‘very secure’. 
The essential critics: 
 While approaching targets, they (the targets) are recognised and detected too late, 

especially light vehicles like motorbikes. 
 Loss of target or false detection of targets in curves. 
 Problems of targets detection at lane borders (p. 404). 
 
Many subjects had a positive opinion about the system and would like to have it in their 
next car. However this depends on the price and the expected kilometres they drive on 
highways. 
 
 
Tests on AICC, CHALOUPKA et al. (1998): 
 
CHALOUPKA et al. (1998) report about 94 driving tests with AICC. They performed 
standard and free observations of the driving behaviour and of the people involved in 
the traffic situation. 
The authors draw the conclusion, that behaviour observation alone cannot show clearly 
why people behave in particular ways, because motivation behind the observable be-
haviour is not known (p. 112). 
 
Results in detail (p. 75 f): 
 Drivers with AICC vehicles do not overtake more often, but they change lanes to 

keep their lanes ahead clear. 
 They  cooperate less with others. 
 When driving with AICC, less security and less braking actions are observed when 

pedestrians are involved. 
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 Speed is more homogeneous, but in some situations, where speed should be re-
duced, a faster speed is kept. 

 Distance keeping is improved resulting in less braking actions to hold the right dis-
tance. 

 
Making distinctions about the road type (p. 77), one conclude, that in slow city traffic 
and on highways, less critical situations related to distance keeping and speed occur. 
However the probability for critical events, related to lane change, interaction with other 
traffic participants at crossings and in situations concerning right of way increases. 
The analysis of the questionnaire data shows (p. 85 f): 
 50% of the subjects think that the AICC makes sense, 
 the reaction of the system is rated as ‘too late’ by a great number of subjects, 
 the reactions of the system are not predictable: sometimes an expected reaction 

never occurs, 
 wrong reactions of the system, for example in curves and with other vehicles in the 

adjacent lane, 
 nearly 50% of the subjects lose some ‘joy of driving’ because of the system. 15 to 

25% get nervous because of the feedback system, 
 50% say, that the feedback system withdraws driver’s attention from the traffic situa-

tion for a short time ( a critical point in the light of traffic safety), 
 more than two thirds would like to have that system in their cars, 
 nearly half of the subjects want to have the option to switch off the system, 
 43-46% want the system only if it works perfectly secure, 
 two thirds of the subjects think they drive more slowly as usual, 
 also two thirds think the system does not interfere with their lane change behaviour  

( this statement does not correlate with the observed data!). 
 
Unwelcome effects of the system, named by the subjects, are (p. 100): 
 you rely on being warned in case of danger, 
 you unlearn particular capabilities, which could cause problems in case of a system 

malfunction, 
 warning signals can confuse and overload the driver, 
 driving gets more boring and makes more tired. The driver loses attention. 
 
The authors summarise the following behaviour changes (p. 121): 
 positive: important adaptation of security distances to leading vehicles, 
 positive: speed regulation, 
 positive: speed harmonisation, 
 negative: longer safety distances provoke other drivers to fill that gap, which causes 

more conflicts related to lane changing, 
 negative: problems to continue driving (for example: if you are mentally poled to the 

car in front), 
 negative: problems interacting with „ weaker“ traffic participants (especially when us-

ing the lowest automation level). 
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ACC driving simulator study, NILSSON (1996): 
 
In a simulator experiment driving with ACC was studied during exposure to ‘critical’ traf-
fic situations, which focused on functional limitations of the ACC concept. The compari-
son between ACC and unsupported driving showed the following results: 
 “approaching a stationary queue lead to more collisions among ACC users than 

among unsupported drivers, possibly because of too large expectations leading to 
too late and abrupt interventions. 

 A car pulling out in front of the driver, lead to identical and immediate reactions by 
unsupported and ACC supported drivers. All ACC drivers reacted (braked) before 
warnings were presented, possibly because of overlearned behaviour. 

 Cars ahead braking hard lead to strong but less immediate driver actions with larger 
variability. No difference was revealed between unsupported and ACC supported 
drivers. Nine of the ten ACC users waited to take over control until the warning was 
received. 

 The collisions among ACC drivers could neither be explained by increased driver 
workload nor by decreased level of driver alertness. 

 The ACC was well accepted in spite of its” “limited capability to handle certain situa-
tions.” NILSSON, 1996, p. 1259, 1254). 

 
 
Video data analysis, ROBINSON, INMAN & KOZIOL (1998): 
 
ROBINSON, INMAN & KOZIOL (1998) obtained naturalistic driving data from 10 vehi-
cles equipped with an Intelligent Cruise Control system and data acquisition systems. 
The primary purpose of the video analysis tool was to assist in the determination of a 
set of driving scenarios, close calls, and driver reaction times. Other required data used 
to determine potential safety benefits were range (to preceding vehicle) and range rate. 
At the moment only preliminary results emanating from the video analysis are available.  
 
 
Video data analysis for ACC within MOTIV, FÄRBER et al., current: 
 
Within the MOTIV project a video analysis of driver behaviour on urban main roads and 
motorways is currently performed. The results of this behaviour observation will be used 
for the design and definition of minimal capabilities of such systems as well as for the 
definition of test criteria. The data analysis is nearly done. The results will be available 
in autumn 1998.  
 
 
Acceptance of distance warning and distance keeping systems, survey,  
GRIMMER, ADELT & STEPHAN (1995): 
 
The survey by GRIMMER, ADELT & STEPHAN (1995) is not a behavioural evaluation 
study. With scenarios the authors tried of give an impression to the subjects, how dis-
tance warning and distance keeping systems are working, and tried to examine in this 
way their acceptance of the systems.  
Three quarters of the 1,074 test persons rate the systems to be ‘good’, if they work 
technically perfect. The same number has doubt about the reliability of the system. 69% 
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would agree to test such a system, more than a half of the subjects can imagine to get 
used to the system. 48% think they would use the system very seldom, if their car would 
be equipped. Especially remarkable is that 86% demand the switch off option as an im-
portant feature. Reasons for this demand could be, that nearly 50% feel unsafe while 
driving. 60% felt like giving away control and 45% fear to lose fun of driving, using such 
a system (GRIMMER, ADELT & STEPHAN, 1995, p. 43 f) 
 
 
3.2.6 ACC technology and evaluation studies - concluding remarks 
 
The varying results of the behavioural studies and the detailed description of technology 
of ACC systems throws some light on the problem of evaluating in-vehicle safety devic-
es. As can be seen from the description of technology, one safety device is not like the 
other – even the use similar technology and the same name. The concrete layout de-
fines to a great extent the potential benefits and the restrictions of the system. Conse-
quently, evaluation studies can come to quite different results. A minor change of sen-
sor technology, underlying ‘intelligence’ or MMI can dramatically influence impact on 
traffic safety. That means, evaluation studies must exactly define the system parame-
ters of the system under investigation. It means furthermore that the results of different 
evaluations are difficult to compare, unless this system description is considered. 
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3.3 Collision avoidance 
 
3.3.1 General description 
 
Collision warning and avoidance systems try to detect obstacles (cars or static obsta-
cles) with the aid of CCD cameras, microwave radar or laser radar (e.g. Fiat, Jaguar,, 
Lucas, Matra, Mazda, Mitsubishi, Nissan, Renault, Rover, Toyota, Volvo), or with a pie-
zoceramic device  (Polaroid), or they want to detect the distance to all sides (Delco). 
Eventually they brake automatically. 
Japanese manufacturers develop and test these kind of systems (JEDA, 1996; ATZ, 
1996; SPREITZER, 1996) in test-vehicles. German car manufacturers and suppliers 
have been more reserved, partly based on the experiences of the PROMETHEUS pro-
ject. To react adequately in all possible situations, extremely long time lags are neces-
sary associated with the probability of many false alarms. A new approach, using multi-
ple sensors, including computer vision, mechanically-scanned microwave radar, and 
sensor fusion to improve the sensor integrity and hence reduce the rate of false-alarms 
has been started with the AC-ASSIST project (CLARKE, ~1997). For Europe and Amer-
ica concept cars and experiments are published (HALLER et al., 1995; JANSSEN & 
NILSSON, 1993; JANSSEN & HUGH, 1994; SHINAR, 1995, SHINAR et al., 1997; WE-
BER et al., 1994; ZIMMERMAN, 1993). 
 
 
3.3.2 Collision avoidance - interaction concept 
 
Two systems can be differentiated: warning and interrupt systems. While German and 
American manufacturers prefer warning systems, Japanese manufacturers  favour an 
automatic braking intervention, if the driver does not react to an optical or acoustical 
warning of an obstacle.  
 
 
3.3.3 Technology of self initiated Collision avoidance systems (CAS):  
 
Collision avoidance systems can theoretically be seen as high-end ACC-systems, com-
bined with features of parking assistant. But, according to the principle of operation, CA 
systems ( with one exception) look only for obstacles ahead of the car disregarding in-
tentions of the driver or other traffic participants. This isolated ‘view of the world’ is one 
weakness of these systems.  
 
CAS (Mazda, Mitsubishi, Nissan, Toyota):  
The manufacturers call their developments "automatic braking systems". But in reality, 
all four systems are obstacle detection, warning, and sometimes automatic braking de-
vices.  
 

Components:  
A CCD camera, a milliwave radar system, a feature detecting unit, a processing unit, 
several warning displays (auditive, visual), and an automatic braking system.  
 

Principle of operation:  
This automatic braking system uses CCD cameras mounted on the inside rear-mirror to 
monitor the traffic lane and vehicles ahead. If the system spots an obstacle, milliwave 
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radar mounted on the front of the vehicle determines its distance from the vehicle. If it 
judges the situation to be dangerous, the system issues audible and visual warnings, 
and tells the driver to take evasive action. If the driver does not respond, the system au-
tomatically applies the brakes to avert or at least reduces the severity of a collision.  
No detailed information is presented in which way obstacles are really detected, neither 
decision criteria to decide whether a given situation is dangerous or not are explained 
(JEDA, 1996).  
 
 
CAS (research):  
A more advanced system, integrating ACC features is vaguely described by KEIJIi 
(1996). But, on the basis of the information given, it is not possible to classify or analyse 
the system in a more precise way.  
 

Components:  
A not specified "stereo image sensor", other components are not mentioned or ex-
plained.  
 

Principle of operation:  
A safety vehicle using an obstacle detection system with a stereo image sensor has 
been developed. The matching method adopted for this stereo system is the small area 
based matching to yield a distance distribution image. The road shape and solids are 
estimated from the distance distribution image. The safety vehicle has three functions 
for the 'avoidance stage' proposed in the advances safety vehicle concept as follows: 
(1) a collision alarm system, (2) an automatic collision avoidance system, (3) lane keep-
ing alarm system (KEIJI, 1996). 
 
 
3.3.4  Technology of driver initiated Collision avoidance systems  
 (Mercedes Benz) 
 
The „Bremsassistent“ calculates the braking forces which are necessary and sufficient 
to avoid collisions with other vehicles or obstacles ahead. The system is able to brake 
automatically, but begins its action only when the driver himself has initiated the braking 
manoeuvre.  
 

Components:  
Sensor systems to detect obstacles or vehicles ahead in the path, a detecting and pur-
suing unit, braking controller unit, sensors to detect braking actions of the driver. 
 

Principle of operation:  
The ‘Bremsassistent’ calculates distances to obstacles or vehicles ahead continuously. 
Together with the driven speed and the road conditions it is able to calculate the appro-
priate braking forces to avoid collisions. The system does not act automatically but 
needs an initiative action of the driver. At this moment the system increases braking 
forces up to the calculated level, disregarding the braking forces of the driver. 
 
 
Add-on system to driver initiated CAS (research):  
This system can be seen as collision avoidance system in a wider sense. It is designed 
to perform emergency braking actions more effective.  
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Components:  
Four laser sensors near gas and braking pedal, a processing unit, an automatic braking 
device.  
 

Principle of operation:  
The „Reflex Control System“ uses four sensors to observe movements of the driver's 
right foot. If he takes his foot away from the gas pedal rapidly and moves it towards the 
braking pedal, the system decides that the driver intends to start an emergency stop. 
Whenever this happens, the systems performs an emergency braking manoeuvre. If the 
driver’s foot has reached the braking pedal to start the braking himself, the automatic 
braking stops. If his foot doesn't reach the braking pedal, the automatic braking is can-
celled within 500 ms.  
The system is planed to be integrated in the "Bremsassistent System" of Mercedes 
Benz (MÜLLER, 1997).  
 
 
3.3.5 Collision avoidance - expected effects  
 
Concerning collision avoidance, we can report expected effects on 
 car initiated collision avoidance and 
 collision warning.  
 
According to experts’ opinion car initiated interventions to prevent collisions  
 provide a small amount of information, 
 the mental load of the driver is expected to be medium, 
 also sensory distraction of the driver is expected to have a medium level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
Collision warning, after the experts’ evaluation, 
 offers a medium amount of information, 
 the mental load of the driver is expected to be medium, 
 sensory distraction of the driver is expected to reach a high level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
MALATERRE & FONTAINE (1993) estimate the percentage of users who have at least 
one need covered by an anticollision device with 38 % (inside and outside built up are-
as). But they note that this percentage provides an imperfect appraisal of the effective-
ness of aids as it considers neither the number nor the severity of avoidable accidents 
(p. 19). 
 
PEREL (1998) is going to examine recent research findings related to older driver safety 
problems and driving capabilities that are relevant to the design of collision avoidance 
technologies. LING SUEN & MITCHELL (1998) think, that collision warning systems will 
increase safety of elderly and disabled drivers. 
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PARASURAMAN, HANCOCK & OLOFINBOBA (o.J.) stress the importance of the cred-
ibility of a collision warning system: „Imperfect detection conflates the false alarm rate 
and experience with other technologies confirms operator aversion to false warnings. 
Although sensitive alarm systems with high detection rates and low false alarm rates 
have been developed, the posterior probability of a collision given an alarm can be quite 
low because of the low base rate of collision events.”(p. 1). 
“...Consistently true alarm response occurs only when the a priori probability of a signal 
is relatively high. There is no guarantee that this will be the case in many real systems. 
More generally, these results suggest that designers of collision-warning systems must 
take into account both the decision-threshold at which these systems are set and the 
priori probabilities of the collision types, if these are known. ... Decision thresholds for 
collision-warning systems must be set not just for high hit and low false alarm rates, but 
for relatively high values of posterior true alarm probabilities as well.” (p. 10). 
“As a result, only a small proportion of alarms will represent true collision scenarios. 
These and other factors can conspire to reduce alarm effectiveness in collision-warning 
systems.” (p. 1). 
 
 
3.3.6 Collision avoidance – evaluation studies 
 
Investigation on three displays for collision warning, DINGUS et al. (1997b): 
 
Three different displays for collision warning are tested. 
 A car symbol, becoming bigger in relation to the distance to the leading car, starting 

to blink at a critical distance with a frequency of 4 Hz; 
 A stack of nine bars which are illuminated more and more, depending on the de-

creasing distance of the leading car; changing their colour (from green to orange and 
red) and finally blinking at a distance less than 0.9 seconds. 

 Two quadrilateral warning fields, one orange/yellow, one red, illuminated according 
to the distance to the leading car. 

 
The test track is 40 km long. Compared to the baseline measurement the distance with 
the blinking car increases of 0.2 seconds. The other two displays are of no effect.  
In a further experiment the effects of false alarms are investigated: Older drivers, keep-
ing generally more headways are not influenced by false alarms. Younger drivers are 
not effected by a false alarm rate up to 30 %; they hold the longest headways at a false 
alarm rate of 31 – 60 % (DINGUS, McGEHEE, MANAKKAL, JAHNS, CARNEY, 
HANKEY, 1997b). 
 
 
Collision warning study, VARALDA et al. (1995): 
 
“The ... study was conducted in a simulator. The driving task was car following on a 
three-lane motorway. The visibility condition was either clear sight or heavy fog. During 
driving the subjects were visually warned for collision as well as for obstructions ahead. 
Two MMI solutions were studied: one with a single display for integrated presentation of 
the two types of warnings, and another where separate displays at different locations on 
the dashboard were used for the presentation of two types of warnings. A control condi-
tion without support system was included as reference. 
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In the car following task, and hence focusing on collision warning, both MMI solutions 
lead to longer headways in seconds (average 5.6 s) and longer distances in metres 
(average 93 m) compared to driving without support system (averages 3.7 s and 63 m) 
when the sight was clear. On the other hand, especially one of the MMI conditions pre-
senting warnings to the drivers resulted in larger headway and relative speed variability, 
than the control condition. The proportion of the driving time when the drivers kept clos-
er to the preceding car than a set safety margin was also reduced (from 39 % to 11 %). 
In the obstacle avoidance task, and hence focusing on medium range warnings, the 
lane change performance differed between the conditions when the support systems 
were used, and the reference condition when they were not. Both MMI solutions lead to 
earlier initiations of obstacle avoidance manoeuvres (average 5.0 s, 59 m before the 
obstacle) and less abrupt steering manoeuvres (average 12 °/s) compared to unsup-
ported driving (averages 4.4 s, 49 m, 22 °/s, respectively). 
 
Driving performance certainly differed between the two visibility conditions. In the fog 
the distance to preceding vehicles (both in metres and in seconds) were shorter, and 
the variability in driving was less. The initiation of obstacle avoidance manoeuvres was 
earlier and the steering less abrupt in fog compared to in clear sight. No interaction ef-
fects were obtained between the independent factors visibility and MMI, meaning that 
the visibility effects were not influenced by MMI solution. 
The driving performance was not found to be influenced by MMI solution. Thus, integra-
tion of the two different types of warnings on a single display had neither positive nor 
negative effects on driving performance. In the condition with separated displays, warn-
ings presented in the central field of view could not be proven to be more positive than 
warnings presented more peripherally from a driving performance point of view.” (HAL-
LER, BECKER, GERBINO, HOFMANN, MORELLO, NILSSON & VARALDA, 1995, p. 
2.2). 
 
 
Collision avoidance support study, JANSSEN & THOMAS (1994): 
 
A simulator experiment is reported that compares “three collision avoidance systems 
(CAS) on car-following performance and overall driving behavior and adverse (fog and 
darkness) as well as normal visibility conditions.” 24 male “subjects received CAS-
support while following preceding vehicles at pre-specified distances and speed differ-
entials” (JANSSEN & THOMAS, 1994, p. 179).  
 
“There were no significant interactions between CAS and visibility conditions, which 
should be considered to be the core result of the experiment. ... A CAS can indeed bring 
down the amount of close following, as well as the average overall driving speed. The 
only system that does both of these is the ‘4sTTC + Added Counterforce’ CAS. For this 
system there is also the suggestion that the vehicle is not in the left lane so often, which 
is indicative of a certain disinclination to perform overtaking manoeuvres. The braking 
distance HUD did not result in any beneficial effect on behaviour at all.” (p. 181).  
 
In short: “Beneficial effects on driving behavior were most consistently associated 
across visibility conditions with the CAS that used a 4s time-to-collision criterion fol-
lowed by an action on the vehicle’s accelerator (i.e., an increased counterforce on the 
pedal). This included a reduction in the amount of short following headways as well as 
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an overall reduction in average driving speed. Other systems appeared to suffer from 
compensatory effects, the inclination to drive somewhat more carelessly because the 
support is available.” (p. 179). 
 
 
Collision avoidance - field experiment, TÜV Rheinland (~1998): 
 
A new function, which may be used in isolation or in combination with ACC, is called 
AC-ASSIST. It should warn the driver if a stationary or significantly slower obstacle is 
detected. If he does not take control of the situation, emergency brake intervention will 
commence. A field experiment on a test track takes place in autumn 1998, responsible 
for this experiment is TÜV-Rheinland. The results are not available at the moment (see 
announcement AC-ASSIST paper). 
 
 



 35

3.4 Reversing aids / Parking aids 
 
3.4.1 General description 
 
Parking aids are devices, related to collision warning, but technically less sophisticated. 
They are constructed for the detection of static obstacles at low speeds. They should 
assist the driver in narrow parking slots. 
 
 
3.4.2 Parking aids – interaction concept 
 
The parking aid is either activated by the reverse gear (i.e. system-paced) or on de-
mand of the driver. Systems using cameras inform the driver (e.g. AYALA et al., 1995) 
while systems using ultrasonic technology only present a warning signal (e.g. ATZ, 
1990; HB, 1995; STAHL & HÖTZEL, 1996). 
 
 
3.4.3 Parking aids – technology 
 
Parkpilot, Parktronic System (PTS):  
 
Parking aids use different sensor techniques to measure distances to obstacles in the 
path of the vehicle. Most developers concentrate on the detection of obstacles behind 
the car, only one system looks for obstacles in the front, too. The systems differ in their 
way how to display the distance information to the driver. Better systems display it in the 
area of the rear window of the car, when the car moves back. Other systems provide 
very detailed display information with video and/or graphical representation of the sur-
rounding.  
 
PTS (Bosch):  
This system uses distance information and displays it, according to one of three dis-
tance classes, to the driver.  
 

Components:  
There is no information about sensors and processing unit available. The report de-
scribes only a display unit in form of a traffic sign, and an auditory warning. 
 

Principle of operation:  
The operating range covers 160 – 30 cm. The MMI consists of a display, mounted on 
the rear parcel shelf of the car, plus an auditory warning. The display panel shows a set 
of different coloured lights, similar to a set of traffic lights. When the reverse gear is en-
gaged, a continuous green light shows the system to be in operation. The pre-warning 
area begins at a distance of 160 cm and is indicated by a green flashing light. As the 
distance between the car and the object closes, the display changes to yellow, than red 
and, when the obstacle is 30 cm away, to flashing red (AYALA, BARHAM & OXLEY, 
1995). 
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PTS (Mercedes Benz):  
This system detects obstacles not only behind, but also in the front of the vehicle. The 
distance to objects is displayed optically; additional warning sounds are generated, if 
necessary.  
 

Components:  
Ultrasonic distance sensors, capacitive sensors, a processing unit, warning displays in 
the left and middle part of the dashboard and additionally in the rear upper part of the 
vehicle cabin.  
 

Principle of operation:  
The ultrasonic parking system for the E-class of Mercedes-Benz helps the driver to es-
timate distances to obstacles, in areas around the car, which are invisible for the driver. 
Further, it is possible to optimise the use of cramped parking spaces and detect obsta-
cles (also pedestrians) in time. Beside the ultrasonic sensor a capacitive sensor system 
redundantly and completely observes the area of interest. To achieve correct measures 
at very close distances the capacitive sensor system is recalibrated (based on ultrason-
ically measured distances), while approaching an obstacle. If obstacles are detected in 
the protection area, warning displays in the left and middle part of the dashboard and 
additionally in the rear upper part of the vehicle cabin show the driver available space to  
continue his parking manoeuvre. At a distance smaller than 30 cm the optical display 
becomes red and additionally an interrupted warning sound is generated. If the distance 
undergoes 20 cm, the sound becomes continuously.  
 

 
 Fig. 10: Vertical and horizontal protection areas of the MB parking system;  
  top)       vertical protection area,  
  bottom) horizontal protection area (see: STAHL & HÖTZEL, 1996).  
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Mercedes-Benz plans the development of a system which can detect parking slots 
along the roadside large enough for the car driven. If the driver is looking for a parking 
slot and the space between two cars is wide enough, he will be informed by speech 
output. Furthermore, semiautomatic parking aids on the basis of the system (STAHL & 
HÖTZEL, 1996) are under investigation. 
 
 
PTS (GEC Marconi Avionics):  
The system measures distances between the rear end of the car and obstacles behind 
it. The distances of objects is displayed on top of the dashboard in form of a symbolic 
distance measure.  
 

Components:  
A laser sensor centrally mounted on the rear bumper, a processing unit, and a display 
with coloured LEDs installed on the top of the dashboard.  
 

Principle of operation:  
This reversing aid uses the scanned output of a laser diode. The sensor unit is centrally 
mounted on the rear bumper of the vehicle with a viewing angel of +/-85° in azimuth and 
from 0° to +20° up to +60° elevation. The maximum range of the system is 3 m, with a 
minimum range of 10 cm. A simple MMI based on a LED type display with colours cor-
responding to different distance ranges is installed on top of the car’s dashboard. De-
tails of the distance measurement or the values of the distance ranges are not ex-
plained. ( AYALA, BARHAM & OXLEY, 1995). 
 
 
PTS (Yazaki):  
This system uses techniques and algorithms known from telerobotics to scan the area 
behind a vehicle, analyse the data and display the results of the analysis to the driver. 
The user can switch between a symbolic representation including real distances of the  
objects recognised and a video-view. This system is the only one which is able to detect 
wholes or gutters in the road behind the car.  
 

Components:  
A laser projector installed on the upper rear part of the car, a CCD camera installed side 
by side to the laser, a frame memory, a data processing unit, a steering angle sensor, a 
buzzer, and a video monitor.  
 

Principle of operation:  
Input data of a video camera are temporarily stored in the frame memory and processed 
by the data processing unit, to generate a three-dimensional position of an obstacle or 
gutter. The data processing unit also anticipates the path of the car from steering angle 
sensor signals and warns the driver about the danger of collision via a buzzer and the 
display.  
To avoid injuries of persons eyes, passing behind the car and looking in the direction of 
the laser beamer by chance, the pulses are restricted in time to only 40 ms. Additionally 
an ultrasonic proximity sensor was installed next to the laser projector. Once an object 
within a distance of 40 cm is detected from the laser projector, the laser is stopped and 
a warning is given to the driver.  
On the display unit the observation area is indicated in top and side view so as to in-
clude the car body to help the driver gauge the detection result more easily. The obser-
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vation area is divided in 25 cm meshes, and the height of a light spot within a mesh 
which takes the highest or lowest value in a three-dimensional position measurement is 
displayed as the height of the mesh. If there is any obstacle in the anticipated path of 
the car, the message ‘Obstacle on route!’ is displayed and the driver is warned by a 
buzzing sound.  
The system can show the area behind the car in a natural view, the system shows a pic-
ture like from a rear view mirror. In this case, the video picture is displayed with left and 
right inverted and with superimposures that indicate the distance and width of the car 
(SASAKI, ISHIKAWA, OTSUKA & NAKAJIAMA, 1994). 
 

 
 Fig. 11: Light spot projection area and CCD camera photographed area  
  (see: SASAKI, ISHIKAWA, OTSUKA & NAKAJIAMA, 1994) 
 
 
3.4.4 Parking aids – expected effects  
 
Positive effects can occur for trucks or buses, to avoid accidents caused by overlooking 
children behind the truck while reversing. 
 
Concerning parking aids, we can report expected effects on 
 information systems and 
 warning signals. 
 
According to experts’ evaluation parking information  
 offers a high increase of information, 
 the mental load of the driver is low, 
 sensory distraction of the driver is expected to be medium and 
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 the impact on traffic safety, seen in a situational context and taking into account the 
traffic safety of all traffic participants, is expected to be medium, too (FÄRBER & 
FÄRBER, 1998). 

 
STAHL & HÖTZEL (1996) are expecting, that the parking aid will help the driver to rec-
ognise persons (e.g. children) or obstacles (e.g. flowerpot) and to use the parking space 
in an optimal way.   
 
 
3.4.5 Parking aids - evaluation studies 
 
Reversing aids study, AYALA, BARHAM & OXLEY (1995): 
 
AYALA, BARHAM & OXLEY (1995) tested two reversing aids, a dashboard-mounted 
system by GEC-Marconi Avionics and Bosch’s Parkpilot, consisted of a display mount-
ed on the rear parcel shelf of the car plus an auditory warning. Over 100 current drivers 
aged 65 to 86 took part in the experiment. 
“The trials showed quite clearly that both reversing aids helped subjects to park far 
closer to target objects. In the GEC trial, without the device, only 58 per cent of the 
sample stopped within one metre of the post or crowd barrier, but this figure increased 
to 95 per cent when the aid was in use. There was no evidence, however, of the aids 
having an impact on positioning, nor did they appear to affect the number of collisions 
that subjects had during trials. In fact, for both systems, for the first manoeuvre of the 
trial, 23 per cent and 42 percent (with GEC’s and Bosch’s reversing aid respectively), 
made contact with the two metre post when using a reversing aid, whilst only a small 
percentage (11 and 17 per cent, respectively) hit the post when the device was not in 
use. The number of collisions declined rapidly for subsequent manoeuvres with the aid, 
suggesting a learning process.” (p. 573).  
“The fact that subjects tended to take longer over manoeuvres and make more changes 
of glance direction when using the reversing aid further supports the hypothesis that the 
device increases the complexity of the driving task and thus the visual and mental work-
load of the driver. Finally, the results of an after-trial questionnaire showed that the large 
majority of the sample found both systems easy or very easy to understand, to use and 
to perform all the reversing manoeuvres included in the trials. Although two thirds of the 
sample said that the audible feature on the Bosch Parkpilot was useful, 18 per cent did 
not hear it. The main aspect subjects were impressed by from both devices was the in-
formation they received as to the distance to obstacles whilst they reversed. Improve-
ments were product-specific; whilst the main improvement suggested for the GEC de-
vice was to provide an audible warning, for the Bosch aid it was to provide subjects with 
side detection.” (AYALA, BARHAM & OXLEY, 1995, p. 574). 
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3.5 Alcohol and drug control 
 
3.5.1 General description 
 
When a breath alcohol ignition interlock device in the vehicle is installed, prior to start-
ing, the driver is required to provide a breath sample by blowing into the device. If the 
alcohol content of the breath sample exceeds a pre-set limit, the starter will be locked 
out and the vehicle cannot be driven. Once the vehicle is in motion, the driver is re-
quired to provide additional breath samples at random intervals.  
In the USA, drivers who lost their license because of driving drunk, get the license back 
if they agree to drive only with their car fitted with an alcohol control unit. These units 
are recommended for driving youngsters too.  
 
Three versions are available: 
 alcohol ignition interlock device, ordered by Court mandate, 
 systems to protect young drivers making the mistake to drink and drive, 
 systems for commercial or corporate fleets (SENS-O-LOCK, 1998). 
 
 
3.5.2 Alcohol control – interaction concept 
 
The interaction is system-paced, i.e. the test starts, when the driver turns the ignition 
key. But, the general activation of the system can be willingly or mandatory be the gov-
ernment or the company. 
 
 
3.5.3 Alcohol control - technology 
 
ACS (Asi):  
SENS-O-LOCK is a breath alcohol analyser which is designed to for personal use in 
cars. It prevents car driving with a significant B.A.C. (blood alcohol concentration).  
 

Components:  
The system consists of a car control unit and a central processing unit, a data recorder 
mounted under the dashboard, and a hand held sensor mounted within easy reach of 
the driver.  
 

Principle of operation:  
The SENS-O-LOCK system requires that a breath sample is given before the car can 
be started. From that sample, the B.A.C. (blood alcohol concentration) is measured / 
calculated. If a safe breath is provided, SENS-O-LOCK will allow the driver to start the 
vehicle. Once the car is on the road, a rolling re-test is conducted at a random time in-
terval to assure that the driver doesn't drink while driving. If a re-test will fail, first the 
message: "Pleas stop the vehicle!" is heard. After a sufficient time to do so, the light will 
flash and the horn will beep continuously until the vehicle is pulled off the road and the 
engine is turned off. The system will never stall or kill the engine.  
The unit has a user friendly design with voice instructions. The system contains a digital 
memory chip which records all operations that the vehicle and driver undergo. Activities 
recorded are: PASS, FAIL, B.A.C. levels, results of rolling re-tests, attempts to circum-
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vent or tamper with the system, battery disconnection, as well as the date and time of 
each ‘event’. The system is able to store 3,350 separate events.  
 
 
3.5.4 Alcohol control - expected effects  
 
Currently, no expert evaluation is available for the system. But it is well known that 
drinking and driving is a severe problem in most countries. Even a rough estimation of 
possible effects on traffic safety needs knowledge about the following parameters: 
 Are there any possibilities to overrule the system? 
 Would people accept such a system on a voluntary basis to prevent themselves of 

drunken driving? 
 What is the impact of rolling re-tests at random intervals during driving on traffic 

safety? 
 What governmental regulations are planned and can politically be realised? 
 
 
3.5.5 Alcohol and drug control – evaluation studies 
 
These systems are just going to market. No evaluation studies could be found.  
 
 



 42 

3.6 Driver alertness monitoring 
 
3.6.1. General description 
 
The idea, to measure driver’s state and apply countermeasures if the driver is drowsy, is 
quite old. Currently research on drowsiness is going on e.g. in Japan (JEDA, 1996), 
USA and Canada (DFAS project, ~ 1996). While the DFAS-study recommends to inform 
drivers, that “sleep is the principal countermeasure to fatigue”, we  found different pro-
posals, like to pour out fragrance (e.g. Mitsubishi, Nissan), stop and go of radio music in 
the rhythm of 30 s (Mazda), voice warning (Honda), optical, acoustical or haptic warn-
ings (Toyota). 
From a scientific point of view, currently no valid measurement of drowsiness is possi-
ble. 
 
 
3.6.2 Driver alertness monitoring - interaction concept 
 
The driver alertness monitor works only system-paced.  
 
 
3.6.3 Driver alertness monitoring - technology 
 
Driver alertness monitoring systems (DAMS):  
 
Two classes of methods are used to monitor the driver's state of drowsiness, methods 
which analyse the stability of the driver’s steering actions (lane-related measures), and 
methods which use physiological parameters to estimate the condition of the driver 
(physiological measures). Whenever the performance, observed with one or both meth-
ods, falls below a certain threshold, the driver is supposed to be drowsy and a series of 
countermeasures are activated.  
 
DAMS (Mitsubishi, Honda):  
These systems works with lane related measures. The centre of the lane is compared 
continuously with the lane keeping actions of the driver. If his performance falls below a 
criterion value, some actions are started to let the driver stop the ride or to rise his alert-
ness.  
 

Components:  
Mitsubishi: A lane detection camera, sensors for steering wheel angle and vehicle ve-
locity, a processing und judgement unit, audio warning, haptic and olfactory displays, as 
well as an automatic braking system.  
Honda: Yaw and speed sensors, a navigation device providing lane position data, a 
processing unit, and a speech output unit.  
 

Principle of operation:  
Mitsubishi: The drowsiness warning system monitors the centre lane of the road with a 
CCD camera, and monitors the steering angle and vehicle speed.  
If the system determines that the driver is drowsy, it issues a warning through the car‘s 
audio system, which advises the driver to go to a rest. It also vibrates the driver’s seat 
and the steering wheel, and pours out a fragrance through the vehicle’s ventilation sys-
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tem. It is planed to add an automatic brake function if the driver does not respond to the 
alerting signals. The lane detecting and lane keeping quality criteria are not specified in 
detail.  
Honda: This system detects driver drowsiness using navigation technology that calcu-
lates driving position based on data from a yaw rate sensor and a vehicle speed sensor. 
The sensor, installed in a navigation system, detects the vehicle’s deviation from ideal 
path when driver’s alertness level falls and sends an voice warning to the driver. No 
precise information is given which navigation data and devices are used in detail. The 
lane keeping criterion is not specified. (JEDA, 1996) 
 

 
 Fig. 12: Mitsubishi’s drowsiness warning system (JEDA, 1996).  
 
 
DAMS (Nissan, Siemens):  
Both systems use only physiological parameters to detect drowsiness of the driver.  
 

Components:  
Nissan: A video camera to record the driver's eyes and line of sight, a feature extracting 
unit, a judgement unit, audio warning and olfactory displays.  
Siemens: A video camera, an image and signal processing system that monitors the 
eye lid movement, several display units like a synthetic voice, a buzzer or alarm, flash-
ing dome lights, a vibrating steering wheel or gradual bumping of the brakes.  
 

Principle of operation:  
Nissan: This system uses the monitor camera located in the instrument panel to detect 
driver drowsiness. The camera focuses on the driver’s facial expressions and the fea-
ture extracting unit estimates how much the driver has his eyes opened. The system 
gives a warning sound if it detects drowsiness or if the driver has taken his eyes off the 
road. The air-conditioner also sends a fragrance into the cabin to refresh the driver.  
Siemens‘ drowsiness detection system links a video camera to an image and signal 
processing system that monitors the eye lid movement of the occupant. The system 
gathers signals from the driver and compares it to his average blink rate. An algorithm 
determines from these data whether the drowsiness threshold has been exceeded. Be-
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fore an occupant falls asleep, the system recognises measurable performance decre-
ments with associated psychophysiological signs, such as a substantial change in blink 
rate. This behavioural change allows the system to send a waking-up signal to the driv-
er. Warning devices presently being tested include a synthetic voice, a buzzer or alarm, 
flashing dome lights, a vibrating steering wheel or gradual bumping of the brakes. 
These warning signs should alert drivers being in danger to fall asleep preventing pos-
sible accidents caused by drowsiness. (JEDA, 1996). 
 
 
DAMS (Toyota):  
This system uses a combination of physiological and lane-related measurements.  
 

Components:  
A steering wheel angle sensor, a sensor for driver’s heart rate, a not specified judge-
ment unit , visual and auditive displays on the dashboard, a vibrating seat, and automat-
ic brakes.  
 

Principle of operation:  
The system uses steering angle and driver pulse as parameters to monitor if the driver 
is drowsy. The steering sensor located in the steering wheel and a pulse sensor at-
tached to the driver’s wrist detect early signs of drowsiness. If the sensors determine 
that alertness is declining, it triggers alarms (visual and auditive) on the dashboard dis-
play which advises the driver to take a break. If driver’s alertness level declines even 
further, the system vibrates the seat. If there is no response, the system will activate 
electronically controlled brakes to automatically stop the vehicle. No detailed information 
is given about the relation between heart rate and drowsiness, or steering wheel angle 
variation (absolutely or relatively) and driver condition. (JEDA, 1996).  
 
 
3.6.4 Driver alertness monitoring - expected effects  
 
According to experts’ evaluation driver alertness monitoring  
 offers a small amount of information, 
 the mental load of the driver is expected to be medium, 
 also sensory distraction of the driver is expected to have a medium level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be small (FÄRBER & FÄRBER, 
1998). 

 
 
3.6.5 Driver alertness monitoring - evaluation studies 
 
Fatigue warning systems study, VINCENT, NOY & LAING (1998): 
 
The purpose of the study of VINCENT, NOY & LAING “was to determine if behavioral 
adaptation occurs following exposure to the effects of a fatigue warning system (FWS). 
Drivers were asked to complete two overnight driving sessions (pretest and posttest), 
one week apart, with an instrumented vehicle on a closed track. Drivers were informed 
that they could pause anytime they felt the need for a break. A 15 minute break was im-
posed when drivers hit one of 35 cones placed at regular intervals along the track. 
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Thirty-two drivers were randomly allocated to one of two groups: a fatigue warning sys-
tem (FWS) group and a control group. The FWS group was exposed to the fatigue sys-
tem during the posttest. An observer activated a tone whenever drivers met specific fa-
tigue criteria. Drivers in the control group did not receive any tones during completion of 
the drives. 
Results indicate that breaks are not very effective in reducing objective and subjective 
fatigue. There is some preliminary evidence that behavioral adaptation to the FWS did 
occur. Subjective and objective fatigue levels, prior to a break, were higher for FWS 
drivers during the posttest. Break frequency and duration were unaffected by the pres-
ence of the FWS. Recognition of the impact of behavioral adaptation mitigating the ef-
fects of safety systems is only beginning to emerge. This study extends earlier work on 
behavioral adaptation to IST.” (VINCENT, NOY & LAING, 1998). 
 
 
Driver Fatigue and Alertness Study (DFAS), WYLIE et al (1996): 
 
This study employed a between-subject design involving four driving schedule condi-
tions. Measures were taken of 80 commercial motor vehicle drivers’ physiology, alert-
ness, and performance during driving and of their physiology during off-duty sleep. The 
database covers more than 200,000 miles of driving, 4,000 hours of video data and 
9,000 hours of physiological recordings. 
“The strongest and most consistent factor influencing driver fatigue and alertness in this 
study was time of day. Drowsiness, as observed in video recordings of driver’s face, 
was markedly greater during night than during daytime driving. Peak drowsiness oc-
curred during the 8 hours from late evening until dawn.” (p.6). “Hours of driving (time-
on-task) was not a strong or consistent predictor of observed fatigue. ... Lane tracking 
performance was better in the 10-hour than the 13-hour conditions. ... In the surrogate 
tests, cognitive performance (via Code Substitution) was better in the 10-hour condi-
tions. Vigilance and reaction time (via Simple Response Vigilance Test) were better in 
the 13-hour conditions. ... Hand-eye coordination (via Critical Tracking Test) did not 
show condition-related variation. ... There was little correlation between Stanford Sleep-
iness Scale self-ratings and objective performance test scores. However, self-ratings of 
fatigue level on Stanford Sleepiness Scale correlated positively with time-on-task, indi-
cating that driver may have the feeling of increasing fatigue with increasing time-on-task 
even if there are no strong performance changes.” (p.7).  
Large individual differences among drivers were found. For example, 36 % of the driv-
ers were never judged drowsy in the video records, 49 % were judged drowsy 10 or 
fewer times, and 15 % were judged drowsy more than 10 times. In this last group the 
number of drowsy episodes ranged from 12 to 40, with an average of 22 episodes dur-
ing their 4-5 day participation period (p.9). No significant relationships were found be-
tween driver age and fatigue (p.10). 
The authors resume, that “there is no quick fix and no single solution to the fatigue prob-
lem. Sleep is the principle countermeasure to fatigue. All drivers need to ensure that 
they obtain adequate sleep. Drivers must also be afforded the opportunity to obtain ad-
equate sleep.” (U.S. Department of Transportation et al., ~1996). 
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Driver status / performance monitoring research, WIERWILLE et al. (1996): 
 
WIERWILLE, LEWIN & FAIRBANKS (1996) developed different algorithms to detect 
driver drowsiness. But the revised algorithms, too, showed lower correlation between 
dependent drowsiness measures and independent performance-related measures than 
expected after specification. However, classification accuracy improved when a criterion 
of ‘drowsiness or performance’ was used, with performance assessed directly from a 
lane-related measure. 
 
 
Evaluation of a drowsy driver detection system, RAU (1998): 
 
RAU (1998) reports a NHTSA-program to develop drowsiness detection models and al-
gorithms based on field data. The project has started in 1996 and is still in work. 
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3.7. Vision enhancement  
 
3.7.1 General description 
 
Manufacturers work on different technologies to improve lighting of the road. Examples 
are: automatic light distribution regulation, automatic dip of headlights (e.g. LIDAR sen-
sors of Hella, see WÖRDENWEBER et al., 1996) UV lights, infra red lights with an infra-
red camera (BRAESS & REICHART, 1995b; BARHAM et al., 1995, BARHAM, 1997), 
light adaptation for different road geometry using digital road maps (see  HAMBERGER 
et al. 1996 a, b). 
All these attempts try to improve driver’s sight under adverse weather and sight condi-
tions. 
A rain sensor which is situated on the inside of the windscreen can evaluate different 
weather conditions, like heavy rain or mist and regulate the speed at which the wind-
screen wipers operate (HB, 1995). 
 
 
3.7.2 Vision enhancement - interaction concept  
 
Systems are designed to work sensor-triggered after a principal activation by the driver.  
 
 
3.7.3 Vision enhancement - technology 
 
Two main approaches exist to enhance vision at night time or under bad weather condi-
tions. The one (active VES) uses additional sensors, information sources like digital 
maps and special installations to concentrate the headlights on that part of the road 
ahead, which is of significant interest for the driver. In addition to that adaptation, intelli-
gent in-car systems can adapt the light distribution depending on speed and steering 
angle.  
The second (passive VES) uses non-visible sources of illumination of the road, which 
have a broader or deeper range ahead. Special sensors receive the reflected emissions 
and transform them into visible light. The additional image of the road ahead is then 
displayed to the driver.  
 
VES (Honda, Toyota):  
These active VES vary the headlight intensity and the distribution of the headlight beam 
in curves. Goal is quick obstacle detection (Honda), or the achievement a bright view of 
the lane ahead (Toyota).  
 

Components:  
Honda: A sensor system to measure steering angle, vehicle speed, position of the turn 
signal switch, information from the navigation system and actuators to move headlight 
reflectors.  
Toyota: A system of millimetre wave radar emitter/sensors and CCD cameras, a series 
of additional sensors and actuators.  
 

Principle of operation:  
The principle of operation of Honda’s system is not specified in detail. Toyota’s system 
uses millimetre wave radar and CCD cameras to monitor the lanes ahead of the vehicle 
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for oncoming traffic or vehicles to be overtaken. The system then automatically adjusts 
headlight intensity not to blind other drivers. This system provides the driver with the 
brightest possible view of the road ahead. It also detects curves and adjusts the light 
distribution in the curve. (JEDA, 1996). 

 
 
 Fig. 13: Light distribution of Honda’s active headlight (from: JEDA, 1996, p. 30). 
 
 
VES (Jaguar):  
This passive VES lights the road in front of the car with special infrared light sources 
and receives the reflected emissions with a camera. The image is transferred into visi-
ble light and projected via head-up display (HUD) device onto the windscreen of the ve-
hicle, overlaying the normal view.  
 

Components:  
Two infrared headlamps, a CCD camera (monochrome, DSPCAM, Texas Instruments), 
and a HUD unit.  
 

Principle of operation:  
The system uses a monochrome CCD camera operating over a waveband of 400 to 
1200 nm. Special infrared headlamps besides the conventional headlamps were used 
to illuminate the scene with infrared light with a main beam pattern. The energy from 
these head lamps is invisible for the human eye, but the sensor is able to form an image 
using this energy. The output of the camera is connected to a head-up display unit  
mounted in the dashboard. The HUD produces a collimated image to be projected into 
the windshield. The image is configured to overlay the driver’s normal view of the road 
scene, 25 m in front of the driver. The additional image doesn’t cover the whole wind-
shield, but only a window in the central area of vision (see: AYALA, BARHAM & OX-
LEY, 1995; RUBAS, 1996). 
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3.7.4 Vision enhancement - expected effects  
 
According to experts’ evaluation the improvement of the outside vision  
 offers a high amount of information, 
 the mental load of the driver is expected to be low, 
 also sensory distraction of the driver is expected to have a medium level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be positive (FÄRBER & 
FÄRBER, 1998). 

 
Based on accident statistics WÖRDENWEBER, LACHMAYER & WITT (1996) expect 
that car illumination reduce one of the main risks of night accidents. The authors state 
that in 1993  49.6 % of fatalities occur at night rides, while the mileage during night-time 
is only 20 - 25%. Factors influencing night-time accidents are, beside sight conditions, 
drowsiness and alcohol. Fatal accidents occur mainly on rural roads and motorways. 
But, no exact prediction how sight improvement during night-time could affect traffic 
safety can be made (WÖRDENWEBER, LACHMAYER & WITT, 1996). 
 
BRAESS & REICHART (1995b) come to a different evaluation They expect a gain of 
comfort by vision enhancement means for bad sight conditions (night-time and fog). The 
expected safety gain is comparable low due to higher speeds with these assistant sys-
tems. 
 
LING SUEN & MITCHELL (1998) think that night vision enhancement will increase safe-
ty of elderly and disabled drivers. 
 
 
3.7.5 Vision enhancement - evaluation studies  
 
Survey on acceptance, GRIMMER, ADELT & STEPHAN (1995): 
 
GRIMMER, ADELT & STEPHAN (1995) did a survey on acceptance of vision en-
hancement systems using scenario technique. 1,074 subjects took part in the investiga-
tion. The statement: ’if it would operate reliable, I find such a system very good’ was an-
swered by 
 44%  - ‘I fully agree’,  
 35% - ‘I partly agree’. 
73 % of the persons have doubts about the technical reliability of the system. 70% were 
willing to test the system, 56% could imagine to adopt to it. 
 
 
Near infrared night vision system, BARHAM, OXLEY & AYALA (1995): 
 
A night vision system, developed by Jaguar, uses near infrared technology. To provide 
the driver with an enhanced image of the scene ahead in conditions of reduced visibility 
a head-up display is used. An experiment at the perimeter track of an airfield, using 30 
drivers aged 65 or older, showed the following results: “... with the head-up display, 
dummies dressed to simulate pedestrians could be identified from a moving car at dis-
tances that were on average 50 metres greater then when the system was not in use. ... 
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In spite of the system’s success in increasing volunteers’ visual range at night, there 
were several people who experienced difficulty when using the head-up display.” 
(BARHAM, OXLEY & AYALA, 1995, p. 26f). 
On the Vision in Vehicles Conference in 1997 a demonstration of the further develop-
ment to the image displayed and to the nature of the user interface with the system was 
announced by BARHAM. On this conference only standing pictures were shown, there-
fore there was no possibility to proof adequacy and performance of the system. Espe-
cially the goodness of fit of the two images is an important problem - the real driving 
scene outside the car and the synthetic scene generated by the infrared system must 
be congruent, otherwise there could be more negative influence on the driver’s percep-
tion than the expected positive potential of the system. 
 
 
Vision enhancement system in fog - simulator study, NILSSON & ALM (1996): 
 
A study was conducted in the VTI driving simulator with 24 experienced drivers in a be-
tween-subject design with three visibility conditions: a clear sight condition with 480 m 
sight distance, a fog condition (50 m sight), and a fog plus vision enhancement system 
condition (50 m sight plus VES). The VES “generated” a copy of the simulator’s video 
picture, in clear sight version, black and white, 17 x 12 cm in size, positioned directly on 
the bonnet of the car, in the drivers’ central line of view, approximately 1.4 m in front of 
their eyes.  
The mean speed levels were 61 km/h in the fog condition, 91 km/h in the fog plus VES 
condition, and 105 km/h in the normal sight condition. These differences are significant. 
Subjects drove closer to the centre line of the road in the fog condition, their variation in 
lateral position was smallest. Most variation in lateral position was found in the VES 
condition. This variation indicates, that drivers, who used VES “seem to have larger 
problems than the other drivers to keep a steady course.” (NILSSON & ALM, 1996, p. 
269). The control of lateral manoeuvres, looking at the monitor while overtaking a van, 
seems to be quite difficult, too. “Most drivers moved their eyes between the VES moni-
tor and the real road.” (p. 269).  
When a red square appeared 400 m in front of the car, subjects should brake as fast as 
possible. Reaction time was 0,82 s in the normal sight condition and 1.07 s in the VES 
condition, reaction distance was 25 m and 28 m (not statistically significant). In the fog 
condition reaction time and distance, of course, were much longer (23.14 s, 385 m), be-
cause the subjects sight was only 50 m. Workload, measured by subjects’ rating, only 
showed significant effects of visibility for the factors ‘mental demand’ and ‘physical de-
mand’, but not for ‘time pressure’, ‘performance’ ‘effort’, and ‘frustration level’. ‘Mental 
demand’, as well as ‘physical demand’ was rated highest for driving in fog, lower for 
VES supported driving in fog, and lowest for driving in clear sight. 
The authors conclude, that “it seems both possible and acceptable to use a small repre-
sentation of the traffic environment, in order to support drivers in poor visibility. Further 
studies are necessary concerning long-term effects, MMI aspects, and effects of varying 
driver strategies for information acquisition.” (p. 270). 
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3.8 Pedestrian monitoring / Blind corner monitoring 
 
3.8.1 General description 
 
Especially Japanese manufacturers follow the idea, to detect pedestrians during night-
time and to solve the blind corner problem. Research is purely technology driven, mak-
ing no comments to user-centred information presentation. (JEDA, 1996). 
 
 
3.8.2 Pedestrian / blind corner monitoring - interaction concept  
 
The systems are activated on driver’s  request, then operating automatically.  
 
 
3.8.3 Pedestrian / blind corner monitoring - technology 
 
Pedestrian monitoring systems (PMS):  
 
Pedestrian monitoring systems are designed to detect pedestrians (or simple obstacles) 
close to the vehicle or in the path of it. The different developers use different sensor 
techniques, and different scan areas to look for obstacles or pedestrians.  
 
 
PMS (Nissan): 
This system detects pedestrians in front of the vehicle and shows the direction of the 
pedestrian.  
 

Components:  
A infrared sensor, (a feature detecting unit,) and a display.  
 

Principle of operation:  
The front scene of the vehicle is observed with a sensor for sources of infrared rays. 
The viewing angle and the detection range of the sensor are not specified. The rough 
direction of pedestrians is displayed at the top part of the instrument panel. It is not 
specified whether there is a processing unit to extract relevant information to display or 
if the display shows all sources of infrared signals leaving it to the drivers responsibility 
to perform the extraction (JEDA, 1996). 
 
 
Blind corner monitoring system (BCMS):  
 
Blind corner monitoring systems are designed to inform and/or warn the driver whenev-
er an obstacle enters the predicted path of the vehicle outside the driver’s direct visual 
field. Different developers use different definitions of ‚blind corner‘. Therefore different 
solutions for operation principles, sensor type, position and  displays exist.  
 
 
BCMS (Toyota):  
This system is designed to provide the driver with a look to the left and right into streets 
at intersections. Additionally the system provides a rear view.  
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Components:  
Two CCD cameras mounted on either side of the front bumper, and a dash-mounted 
display, two CCD cameras for the rear view projecting their output on the windshield 
and the back glass.  
 

Principle of operation:  
The two front cameras display their view to the left and to the right in a display on the 
dashboard. Whether the driver has to switch the image from left to right, or if the both 
views are displayed side by side, isn’t explained.  
The output of the camera on the left front is projected onto the windshield. The output of 
the rear camera is projected onto the back glass. (JEDA, 1996). 
 
 
BCMS (Mazda, Mitsubishi):  
This system is designed to provide the driver with a rear 
view like the view to the left, middle, and right rear view 
mirrors.  
 

Components:  
Three CCD cameras mounted on the left and right front 
door, one camera on the top of the rear lift gate, and 
three LCD displays in the upper area of the instrument 
panel.  
 

Principle of operation:  
The three cameras substitute the three conventional rear 
view mirrors. The three displays in the upper area of the 
instrument panel show the camera’s view so that the 
driver can check both sides and the rear of the car with 
minimum eye movements (JEDA, 1996).  Fig. 14: Top view of Mazda's 
     BMC vehicle; a) left, 
    b) right,  
    c) rear camera.  
 
BCMS (Mitsubishi):  
This system is designed to monitor the lanes aside and behind the car, to warn the driv-
er if he attempts to change lanes without checking.  
 

Components:  
A side-rear stereo camera, a side-passive beam sensor (front), a side passive beam 
sensor (rear), a rear stereo camera, a vehicle speed sensor, a steering angle sensor, a 
yaw velocity sensor, and a turn signal switch, a processing unit, and a not specified 
warning display.  
 

Principle of operation:  
The system calculates target distances from the sensor and video signals. The principle 
of pattern recognition or feature extraction is not explained. The system is designed to 
warn the driver about vehicles approaching from the rear, and it warns the approaching 
vehicle simultaneously by projecting a warning message. It informs the driver about the 
distance of the two vehicles, if he attempts to change lanes. The form of the warning in-
formation and the type of display is not explained (JEDA, 1996). 
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BCMS: 
This system detects moving obstacles in the blind corners of stationary vehicles.  
 

Components:  
A Doppler microwave radar sensor, a display unit.  
 

Principle of operation:  
The system uses Doppler microwave radar to detect moving objects directly in front or 
to the right of the vehicle. The system supplements regular school bus or vehicle mir-
rors. It operates only while the vehicle is stationary. The precise principle of operation, 
the extraction of significant signals from noise, and the form the moving objects dis-
played are not specified (JOHNSTON, MAZZAE & GARROTT, 1996).  
 
 
3.8.4 Pedestrian / blind corner monitoring - expected effects 
 
According to experts’ evaluation pedestrian monitoring or blind corner monitoring  
 offers a high amount of information, 
 the mental load of the driver is expected to be medium, 
 also sensory distraction of the driver is expected to be high and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
 
3.8.5 Pedestrian / blind corner monitoring - evaluation studies  
 
Pedestrian detection system, JOHNSTON, MAZZAE & GARROTT (1996): 
 
The authors developed two systems to detect moving pedestrians either directly in front 
of or to the right of the bus. System A turned off as soon as the bus moved 6 - 12 inch-
es. The display showed an icon of the school bus, turned straight forward. 
System B turned off when the door was closed and no moving objects were present in 
the area of coverage. The display also showed an icon, but the front of the bus was 
looking to the right. 
The systems were installed at two school buses which were operated on eight consecu-
tive days for a total of 16 runs with different drivers, eight with each system.  
The sensors of both systems operated reliable. There were no false alarms generated 
during laboratory testing, but during the operational testing there was one case with sys-
tem A, in which the system failed to detect children, one false alarm and several false 
alarms with system B. 
Seven out of eight drivers reported using system A to make a decision about whether or 
not to start the bus, and in the other test condition six out of eight drivers preferred sys-
tem B. Information from the system was considered in 90 % (A) or 74 % (B) of situa-
tions. Drivers reported using their mirrors somewhat more often than before. The visual 
warnings seemed to be neither distracting nor annoying. The auditory warning for sys-
tem A was rated to be acceptable, but not so for system B. “Drivers responded favoura-
bly when questioned about the utility and potential safety of pedestrian detection sys-
tems.” (p. 9). The presence of the systems did increase the associated level of safety. 
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Drivers answered to turn on always system A, if available, and most of the time system 
B. 
The authors conclude, that over all systems do a good job of informing the driver as to 
when there is a moving object in front or along the right side of the bus (JOHNSTON, 
MAZZAE & GARROTT, 1996). 
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3.9 Route information systems 
 
3.9.1 General description 
 
Information concerning the route shall assist the driver. This information is directly trans-
ferred to the vehicle from a central or distributed information centre. Typical examples 
are: traffic information, info concerning route and road conditions, free parking slots or 
service stations. The main question for this kind of information is, how it is requested by 
and displayed to the driver. If this is done not too often and user-friendly, not overload-
ing a sensory channel needed for observation of traffic scenes, the additional infor-
mation can improve safety. Traffic safety can also be improved, when these systems 
help to transfer traffic to other transportation means. Under the keyword intermodality 
many attempts are discussed to ease the change from one transportation system (car) 
to others (public transport) to reduce for example traffic density. Reduction of motor traf-
fic reduces the probability of accidents. 
 
Data transfer into the vehicle disregarding specific description of the information trans-
ferred is published by the following manufacturers: ARDIS (MELE, 1993), DeTeMobil 
(KREMER & MERTENS, 1995; MERTENS, 1996), Grundig (AI, 1996 b), IBM, Intel, Mi-
crosoft (SZ, 1998) and authors like KELLER (1995), PLOSS & TSCHOCHNER (1997). 
 
Traffic regulation is analysed by ANDRESEN et al. ( 1993), traffic flow cover publica-
tions by ANGERMÜLLER et al. (1996), CHASSANG et al. (1996), FAU (1994), 
GERNER (1996), IV (1997g), KRAUSE (1996), SCHLICHTER & REICHART (1998), 
SCHMIDT R. (1996), THOMAS (1995), for route information see: EMMIS (1994), IV 
(1997g), traffic management systems: BOLTZE et al. (1997), parking management: 
CHEVREUIL (1994), IV (1997a), KONHÄUSER (1996), KROSTITZ & KÖTHNER 
(1993), KRUX (1998), service stations: FKT (1995), meteorological data: WEYD (1994), 
information connecting private and public transport: HELLÅKER et al. (1993), hazardous 
goods transport: ISERMANN & MÜLLER-KÄSTNER (1996). 
 
Of course data transfer is also possible and useful from cars on the road to an infor-
mation centre, for example concerning road conditions (WINTERHAGEN, 1995). 
 
 
3.9.2 Route information systems - interaction concept  
 
After principal switch on by the user the system can be activated automatically or on 
driver’s request. 
 
 
3.9.3 Route information systems - technology 
 
Several technical standards have developed until now for the transfer of information be-
tween cars and information centres. On first sight the kind of data transfer has little to do 
with the driver-vehicle interaction and thus with traffic safety. But, the technology of data 
transfer, the service providers and the devices in the car define the kind of information 
that will be transferred. For example, GSM technology is currently closely linked to mo-
bile phones and the services offered by telecommunication providers.  
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RTS/TMC: 
Digital radio receiver working in the VHF band using the radio data package protocol / 
traffic message channel. Relevant traffic information is transmitted to the vehicles travel-
ling in the region where the transmitting station is located. This information is displayed 
to the driver via a visual display and/or voice output. If the vehicle is equipped with a 
navigation or positioning system, the messages could be filtered according to the actual 
position and destination of the trip.  
 
GSM: 
Mobile network (cellular) telephone functions allow the transmission of data parallel to 
voice messages or instead of them. The system is able to transfer packed data up to 
9.6 kb/s. Short message service (SMS) with messages of sizes less than 160 charac-
ters can be transferred in both directions, point to point, parallel to speech connection. 
In SMS point to multipoint = cell broadcast mode, packets of information within the 
speech data can be transmitted with 400 bits/s to all mobile units within a cell.  
 
Pager: 
Operating at the same band with identical transfer rates as GSM, a pager is only able to 
receive messages and display them (visually) to the driver in form of short text strings.  
 
IR beacons and other roadside information devices: 
These systems are capable to transmit relevant information to the vehicle and the driv-
er. If the transmitted information is static, systems are comparable to conventional road 
signs. But, given the appropriate infrastructure, they are able to transmit information 
which changes with varying traffic, roads, or travel conditions. Their data could be 
transmitted to the driver in a direct way - through the visual channel - or indirect via dif-
ferent receiving devices in the car. These devices transform and store the information. 
They can display the message on demand or operate automatically. The vehicle itself 
can transmit data, concerning relevant parameters of the ride of general interest (i.e. 
speed driven) via these installations to traffic management centres.  
 
GPS: 
The satellite based global positioning system provides only data concerning the position 
parameters of a set of satellites. These data are extremely useful to calculate the actual 
position of a vehicle. Traffic, road, or travel information cannot be obtained from these 
signals.  
 
 
3.9.4 Route information systems - expected effects  
 
Concerning route information systems, we can report expected effects on 
 information, automatically displayed to the driver and  
 information, demanded by the driver. 
 
According to experts’ evaluation information, automatically displayed to the driver  
 offers a high amount of information, 
 the mental load of the driver is expected to be high, 
 as well as sensory distraction. 
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 The impact on traffic safety, seen in a situational context and taking into account the 
traffic safety of all traffic participants, is expected to be small (FÄRBER & FÄRBER, 
1998). 

 
The same kind of information, on active demand of the driver, is rated to be better in two 
aspects: 
 the information content is high,  
 the mental load of the driver is expected to be medium, 
 sensory distraction of the driver is expected to reach a high level and 
 the impact on traffic safety, seen in a situational context and taking into account the 

traffic safety of all traffic participants, is expected to be medium (FÄRBER & 
FÄRBER, 1998). 

 
 
ANGERMÜLLER et al. (1996) report the results of a market study showing high im-
portance (4.5 on a scale from 0 to 5) for traffic information from a user’s point of view. 
As especially important information concerning traffic jams, detour recommendations 
and free roads are treated. Of minor importance speed, duration and prediction of tail-
backs was named by the subjects. General information services reached only a value of 
2.25 in this study (ANGERMÜLLER, TILGNER, GABLER & REISCH (1996). 
 
 
3.9.5   Route information systems - evaluation studies 
 
A report of KRAUSE (1996) concerns the introduction of the warn- and information-
system COMPANION in the north of Munich. On a highway section with high accident 
rates drivers are warned by blinking posts, to indicate tailbacks, accidents etc. By 
means of the scenario ‘puncture of a truck on the hard shoulder’, slower speeds were 
observed for the condition ‘blinking posts’. The mean speed reduction was of 25 - 30 
km/h, at a speed platform of 130 - 150 km/h. The amount of critical time-lags on the 
overtaking lane went down from 27 % to 15 % (SCHLICHTER & REICHART, 1998). 
 
HELLÅKER et al. (1993) describe that PROMISE, a system where data processing 
equipment of transport operators and value added service providers operate seamlessly 
with telecom infrastructures and end user terminals, is implemented in Gothenburg, 
Sweden. The services that are planned to be available are: parking occupation over-
view, parking availability, parking reservation, parking event information, road traffic in-
formation, weather situation, weather outlook and some data for public transport 
(HELLÅKER, PALMGREN & TURUNEN, 1993). 
 
GERNER (1996) reports on a planned field test in Nordrhein-Westfalen, Germany. The 
aim of the study is to gather Floating Car Data (FCD), to measure traffic flow of each 
driver for other drivers. Each vehicle equipped swims like a cork in the traffic stream. 
Many of these Floating cars should give an actual and realistic image of current traffic 
conditions. Under the acronym VERDI  it is performed with about 1000 cars under real-
istic conditions (WWW, 1998e; LARIMA, 1997). No results are currently available. 
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KRUX (1998) speaks about a planned experiment in real traffic with an information sys-
tem, called ‘Cologne Parkinfo’. “Aim of the project is to transmit information into the ve-
hicle. In a first step it is planned to transmit the number of free parking facilities and the 
trend of occupancy of each multi-storey car park into individual routing guidance sys-
tems of the vehicles and to guarantee the guidance to the free parking facilities. Addi-
tional a concept for the reservation of free parking facility will be developed and tested.” 
( KRUX, 1998, p. 60f). 
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4 Evaluation in the framework of an ideal research and  
 development (R&D) process 
 
The development, evaluation and introduction of active safety devices should follow a 
defined schedule, here called ideal R&D (research and development) process. An anal-
ysis of this ideal process can give valuable insights in the current status and deficits of 
evaluation studies. The process of research, development, evaluation and implementa-
tion should comprise 5 steps: 
 
1. Identification of deficits and problems of drivers 
2. Definition of underlying reasons for this behaviour 
3. Design of the system 
4. Test and evaluation 
5. Production and marketing 
 
 
4.1 Identification of deficits and problems 
 
The starting point for the decision whether an active safety device may be helpful or not, 
is the identification of traffic safety problems or behavioural deficits of drivers. Hints for 
these deficits or problems  can be obtained mainly from three sources: 
 Accident rates, 
 critical behaviour,  
 unwanted behaviour.  
 
What can we learn from accident analysis? 
Accident rates analysing data about frequency and severity of accidents, related to spe-
cific groups of drivers or cars, give clear hints where the increase of traffic safety is val-
uable. But, as will be shown, even the data are very reliable (due to the great number of 
cases analysed), their validity remains a problem.  
An extract of the German road accidents statistics (1996) will demonstrate the difficul-
ties: In 19.8% speed was not appropriate, which means it was too high. 11.5% of all ac-
cidents of cars / busses / trucks are caused by too small safety distances. Only 0.5% of 
the accidents go ahead with overstrain. In 14% the ‘give right’ rule was misjudged. Fi-
nally, in about 5% drivers showed wrong behaviour towards pedestrians.  
 
Which conclusions could be drawn?  
First, speed and distance keeping is the major causation for accidents. Hence, assistant 
systems for speed and distance keeping would influence traffic safety in a significant 
manner. Second, from a statistical point of view drowsy drivers are no severe problem 
for traffic safety (0.5% of accidents are explained by drowsiness). Nevertheless, driver 
monitoring systems are under research and development all over the world (see chap. 
3.6). 
The very precise calculation based on accidents has one weak point: Accident analysis 
doesn’t say much about the underlying reasons for the accidents. According to FELL 
(cited after GIES, 1991), traffic accidents are caused in 46 % by perception errors, in 40 
% by decision errors and only in 9% by performance errors. That means, accidents can 
have many sources and therefore different countermeasures. 
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First consequences from these two examples are: 
First, as the example ‘drowsy drivers’ shows, development of active safety devices is - 
at least partly - independent from accident frequency. 
Second, accident analysis gives only hints where the development of active safety de-
vices is useful from a statistical point of view. It doesn’t say much about the underlying 
reasons for accidents. 
 
Observation of critical behaviour: 
Accident analysis has another weakness, namely that accidents are (fortunately) rare 
events. To cope this problem, the observation of critical incidents (ZIMOLONG et al. 
1977) is used as database for the identification of risky situations. These data about 
traffic conflicts widen the insight into accidents, because they take into account actions 
of drivers also in the pre-crash phase.  
 
Unwanted behaviour: 
Unwanted behaviour may result in critical behaviour, but must not. For example a 
drowsy driver can come into a critical situation where immediate reaction is necessary 
and fail because of his prolonged reaction time. The data about unwanted / illegal be-
haviour stem partly from accident analysis, partly from investigations of the police. For 
example the proportion of drivers with alcohol is obtained testing all drivers’ blood alco-
hol concentration during night-time in a defined area. 
 
 
4.2  Definition of underlying reasons 
 
The definition of the underlying reasons for a specific behaviour is the crucial point for 
design, evaluation as well as for marketing of a driver assistance system. Coming back 
to the above mentioned examples this can be made more clear. 
 
Many reasons can be responsible for the acceptance of too short distances or too high 
speeds. It could be a problem of perception, motivation or action. If short headways are 
caused by perception deficits, better feedback would be the appropriate solution. If they 
are caused by motivation deficits, technical means must reinforce the driver when he 
holds greater distances to a leading car, or legal regulations must enforce longer head-
ways. If the problem occurs because of action deficits, the active safety device should 
assist the driver on the handling / control level (see RASMUSSEN, 1986).  
The same consideration can be applied for the example ‘drowsiness’. One question is of 
course, how many drowsy drivers are on the road and involved in an accident. The ma-
jor question for the development of countermeasures is: Why do they behave in such a 
way? Don’t they realise to be drowsy, or do they, and only want to reach their destina-
tion taking into account a calculated risk? Again, the answering of these kinds of ques-
tions is of central importance for the layout and test of the driver assistance system. 
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4.3  Design of the system 
 
The design and construction phase of the system is first of all up to technicians who 
guarantee high technical reliability under all working conditions.  
Integral part of the design phase must be the question of user deficits and needs, i.e. 
the behavioural level, where the assistance system should help the driver. Another item 
which separates effective from ineffective solutions is the man-machine-interface (MMI). 
A principally good system can lose its effectiveness with a bad MMI. Bad MMI solutions 
can on one hand influence traffic safety directly by distracting the driver. A typical ex-
ample is a navigation system with the display of a road map. Reading times are doubt-
less too long for using while driving. Not perfect MMI solutions can indirectly influence 
safety by annoying the driver or making him a fool.  
For example the voice output: ‘Please let off your handbrake.’ is not accepted by users, 
because it disgraces them. The minor change: ’Please check your handbrake.’ lets the 
problem of disgrace disappear. 
 
 
4.4 Test and evaluation 
 
Test procedures must of course cover technical reliability under varying conditions. Par-
allel to the technical evaluation behavioural evaluation is necessary. For many existing 
In-vehicle safety systems evaluation studies have been performed (see chap. 3). But, 
are they sufficient, exhaustive or at least adequate? To our opinion evaluation studies 
are only valuable, when they cope with the following questions: 
 What behavioural aspects are touched by the assistant system and which parts of it 

are evaluated by the study. For example, distance keeping is a problem of percep-
tion and motivation. Thus, ACC evaluations have to be done not only under the ideal 
conditions of an experiment, where subjects behave co-operative, but also under 
‘realistic’ conditions like time-pressure etc. 

 The second aspect, closely linked to the selection of the appropriate behavioural 
cluster, is the definition of relevant test-items. This statement sounds trivial to a re-
searcher, but, as studies in the past demonstrate, it is by no means. For example, 
many experiments have been done to decide, whether analogue or digital speedom-
eters are better. Mostly the task of the subjects was, to read a speed from the 
speedometer and tell it to the experimenter. The answering times for digital speed-
ometers were always faster than for analogue ones. This is a trivial result, because it 
is of course faster to read a number (for example 52 km/h) and to pronounce it, 
compared to the task of transforming a pointer into a number and then pronounce it. 
If one changes the subject’s task slightly, asking: ‘Are you driving within the permit-
ted speed limit?’, and he is again driving around 50 km/h, results change and favour 
the analogue instrument.  

 Behaviour of drivers cannot be seen as isolated phenomenon. Traffic and traffic 
safety is a highly interactive matter. Evaluation studies must therefore the interaction 
aspect into account.  

 What concrete MMI-solution and technology is used in the system analysed? In 
chapter 3 several examples for different technologies, having different capabilities 
and advantages / disadvantages are described. Many of them use the same name, 
for example ACC, but they are by no means the same. It is important for evaluation 
studies to hold technology and MMI aspects constant or to vary them systematically. 
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 Finally, a crucial point for evaluation are long-term effects. Behaviour adaptation to
new technological systems can have positive or negative effects. For example,
glance frequencies to route guidance displays are reduced as a function of experi-
ence (FÄRBER, 1995). On the other hand longer use of ACC- or vision enhance-
ment systems can lead to unjustified expectancies and influence traffic safety nega-
tively in the long run.

4.5 Production and marketing 

Why marketing is an important factor within an ideal R&D process? The main problem 
of marketing is to excite attention of potential customers on the one hand and not to 
provoke unrealistic expectations. An old, but still interesting example is the introduction 
of ABS. ABS was first introduced as a system to reduce braking distances. This is partly 
true within the limits of physics. The main advantage of ABS is the maintenance of ma-
noeuvrability while braking on surfaces with -split. As a consequence of the marketing 
strategy: ’ABS reduces braking distances.’ - wrong expectations were evoked at the 
customers and accidents were caused.  
Good and realistic experimental evaluation studies should therefore instruct subjects in 
a way similar to the marketing strategy. Doing this, expectations about the system and 
behaviour will be as realistic as possible. 

4.6 Final conclusion 

If one accepts the description of the ideal R&D process as guideline for the develop-
ment and evaluation of In-vehicle safety devices, and compares it to the evaluation 
studies in chapter 3 a discrepancy is obvious. What is urgently needed is a clear 
framework for the existing In-vehicle safety devices, and devices planned for the future 
with respect to the correct evaluation procedures. 
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