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Summary
This project is in line with the Vision Zero attitude that long-term nobody should get
seriously injured or killed in the transportation system. Information has been searched
particular in the area of drowsy driving. The overall goal with this project is to avoid
accidents by investigate the parts influence of the system. The system in this case is the
driver and the car and the connection between them. It is an attempt to find out more
about the interface between the two parts.

To make this possible it has been necessary to get to know about the control system and
update the block diagram of the system. The block diagram shows a simplification of
this complicated system. The measured signals can be seen in it. The signals have been
measured during driving in a private car, they have been visual analysed above all.

Measured signals are Torque at Steering Wheel, Side Acceleration and Yaw Velocity
(speed of visual deviation). The new in this project is the measuring of the Yaw
Velocity; it is done by filming the visual impression through the windscreen.
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1 Introduction
This report is about measuring the communication between the driver and the vehicle.
Measurement and simulation have been done in the area, but there haven’t been found
anyone measuring on exactly what here is called micro communication. This
investigation is just in the beginning of a large work to find out as much as possible
about this control system and what’s affecting it.

1.1 Background
To understand the meaning of this report it can be fine to have an overall picture of the
traffic system and an explanation of why to develop safety device system.
It has long been assumed, that drowsy drivers have gotten into accidents by falling
asleep, but that has been questioned. Drowsy driver crashes may be more directly related
to the inattention and distractibility that accompany sleep deprivation, than to falling
asleep at the wheel. In that case it can be a good help with safety devises, if they can
warn the driver before he/she actually falls asleep. It is better to get the warning while
still awake, because if the driver wakes up of a warning signal he /she can be frighten
and of that reason do something dangerous. [1]

1.2 Aim
The aim is to find out if the driver parry for visual impression or not and to learn more
about the surroundings to this subject.

1.3 Goal
The goal of this dissertation is to investigate the connection between visual impression,
micro communication and the actual movement of the vehicle.

1. Get in to the problem about the communication between the driver and the
vehicle on a subconscious level, micro communication. The drivers force
influence on the vehicle and the vehicles force influence on the driver. How the
driver react to side moves. Look for what’s done earlier and understand the area,
which is going to be examined.

2. Seek for information about project done earlier in this area. The search will be
performed at the Internet, HTU: s libraries databases and in VTI: s library. It will
be search for information, which can simplify the measurements.

3. Practical tests in a car will be performed. These tests will measure the
relationship between the measures side accelerate and the yaw velocity in
relation to wished desired path. Measurement is done with Active Attention



Correlation between visual deviation and side forces in a car.

2

MCR (micro communication recorder) and video recording of the driver’s field
of vision through the windscreen.

4. The results from the practical tests will be analysed to decide if the side
movement and the visual movement are in phase or not.

5. A report shall be made round the results.

1.4 Delimination
The work will focus on the question: Does the driver react different for deviation in
visual movement and in side movement on a subconscious level at normal main road
driving? Limiting facts are the measure equipment’s accuracy and available time.

1.5 Tools
The tools used in this project is:

� Internet

� Microsoft Word 2000

�  Digital Video Camera: JVC GR-DVL 9800

� Active Attention MCR01

� Active Attention Interactive Road Tracker ver1.0

� Excel 2000

� Matlab. 6

2 Vision Zero
Vision Zero is the result of a new view of traffic safety, which was born in the nineties.
It was integrated in the new transport policy in June 1998 and it includes all kind of
traffic. The transportation system is considered over all aspects, with links between the
different traffic kinds.

 The concept is new and is developed continuously. Long-term nobody should get
seriously injured or killed in the transportation system. The ones responsible of the
system (legislater, vehicle manufacturer) and the users (road-user) are main actors in the
work with Vision Zero. The responsibility of the road-users is to use the system in a
proper way, use the safety belt, follow the speed restriction a.s.o. The system will be
designed so that no one will risk any serious injury if they follow the rules. Element of
danger will be built away, both in road environment and in the vehicles. In addition to
that there are need for information and education of different kinds. [2]
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2.1 The entire traffic system
The three main elements of the road traffic system are: human, vehicle and the road
environment. Earlier every part has been optimised separated, it has leaded to for
example: the wider roads made the drivers increase the speed and with that they had
consumed the increased safety space. Therefore the work with accident preventation and
damage reduction actions has to be pointed to the complete system and the interface
between the different elements and their collaboration. An example is this: the vehicles
has a top speed of 230 km/h, the speed limit is 90 km/h and the road conditions maybe
allows only 50 km/h. In this case there is called for an optimation of these systems to
ensure public safety. [3]

2.1.1 Human

Human judgement and ability to cooperate with her surroundings is a condition for the
traffic system to work. These qualities and her hability/flexibility to adjust to new
situations strongly contribute to keep down the amazingly low number of traffic
incidents. There is a constant interaction between driver, vehicle and surroundings.
When this interaction for example is disturbed by sleepiness accidents may occur. [3]

2.1.2 Road environment

Road environment contains the roads, its markings, signs, signals and all firm objects on
and next to the road. Varying traffic, road conditions and other uncertain factors must be
added to the picture of the road environment in order for the “road environment” to turn
into a “traffic environment”. Traffic environment is everything outside the vehicle. A
change in the road environment automatically involve a change in the traffic
environment, the consequence however can be hard to survey. This demand experience
and ability from the designer to se connections, too reach high safety and lasting
improvement when the road environment is to be built out. [3]

2.1.3 Vehicle

Together the vehicle and the driver constitute an intelligent unit who’s moving in the
traffic environment. The vehicle it self is seen as a system part. In the road traffic system
there is a continuous communication taking place over the interfaces between driver –
vehicle, vehicle - traffic environment and traffic environment – driver. [3]

2.2 Facts about drowsy driving
Nearly everyone has heard of the perils of drunk or drugged driving. But tragedies
involving drowsy driving are also all too common. In fact, when you don't have enough
sleep, your ability to drive safely can be as seriously impaired as if you had been
drinking alcohol. When you're sleepy, your brain starts to shut down. Drowsy people are
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notoriously bad at judging their ability to stay awake. And even if you don't nod off,
your judgement and car-handling ability may suffer dramatically. Drowsiness is the red
alert, it's the last step before falling asleep, not the first. Drowsiness may mean you are
seconds from disaster. If everyone responded to it as if it were an emergency when they
became aware of feeling drowsy, then an enormous amount of human suffering could be
avoided.

Some signs of drowsiness are for example: feeling a need to rest your eyes or staring
fixedly ahead, tailgating or missing traffic signs, nodding off or having trouble keeping
your head up, repeated yawning, having wandering thoughts or failing to remember the
last few miles driven, feeling "slowed down" or having slowed reaction times, feeling
apathetic, "Jerking" the vehicle back into the proper lane of traffic.
To avoid falling a sleep when driving of course the best is not to be tired at all, but if
there is need to drive anyway it can help with a cup of coffee or something else with
caffeine in it. This however is a brief solution that will last about 30 minutes. [4] [5]

2.3 Safety devices
Traditionally road traffic is described as consisting of three main components: the road
user (driver), the vehicle and the environment (infrastructure as well as the road it self
and adverse conditions). Things that also influence the overall picture are different kinds
of safety systems, those who research the area and those who make the decisions. You
can generally say that it is about to find safety systems that can act when the driver is not
enough. These systems shall still be discreet enough not to disturb the driver. Example
of such systems existing is: anti-block systems (ABS) and alcohol and drug control.

Implementing such systems will also mean a balance, because the risk is that people put
too much trust in the techniques and starts to drive faster and more careless. There is an
adjustment to make about how much responsibility you can take from the driver. If it is
going to work well the systems must be seen as help, not something that is taking over
the vehicle.

2.4 Projects made earlier
There are made many projects for safer traffic in different kinds, below there will be a
little description of some of them.

2.4.1 Monitoring driver drowsiness and stress in a driving simulator

The objective of this project is to develop reproducible and flexible methods for
studying the relationships between physiological driver states and human-factor issues
in a driving environment. For reasons of safety and reproducibility, a laboratory- based
driving simulator is being used for the project experiments. During the experiment
trails, several conditions and parameters are recorded for possible correlation with the
physical and mental state of the driver, driving behaviour and scenario conditions.
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Physiological sensors measured parameters here are: ECG, EEG, EOG, skin impedance,
skin temperature, pulse and oxygen saturation in the blood, respiration frequency and
head movements.

Movement sensors. A greyscale video camera records the driver’s face to monitor eye
and eyelid movements. Two other ordinary video cameras record head movements of
the subject and a lateral view of the torso and head of the subject to monitor stretching,
yawning, etc.

Environment sensors. Laboratory environment conditions are sampled every 100
milliseconds, including room temperature, air humidity, CO2 and O2 concentrations in
the air, etc. [6]

2.4.2 Review of Fatigue Detection and Prediction Technologies

This report reviews existing fatigue detection and prediction technologies.

There are four classes of fatigue detection and prediction technologies.

� ”Readiness – to – perform and fitness – for – duty technologies”.

These systems are becoming popular replacements for urine screens for drugs and
alcohol. With these systems the developers are trying to predict the future.

� ”Mathematical models of alertness dynamics joined with ambulatory
technologies”

This is the subclass of operator-centred technologies that includes those devices that
seek to monitor sources of fatigue, such as how much sleep an operator has
obtained, and combine this information with a mathematical model that is designed
to predict performance capability over a period of time and when future periods of
increased fatigue/sleepiness will occur.

� ”Vehicle – based performance technologies”

These technologies are directed at measuring the behaviour of the driver by
monitoring the transportation hardware systems under the control of the operator,
such as truck lane deviation, or steering or speed variability, which are hypothesised
to demonstrate identifiable alterations when a driver is fatigued as compared with
their “normal” driving condition.

� ”In – vehicle, on – line, operator status monitoring technologies”
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Technologies in this category seek to record some biobehavioral dimensions of an
operator, such as a feature of the eyes, face, head, heart, brain electrical activity,
reaction time etc., on-line.

Example of such systems is PERCLOS and SMART EYÈs system. [7]

2.4.3 Electroencephalography Activity Associated with Driver Fatigue:
Implications for a Fatigue Countermeasure Device

Driver fatigue has received increasing attention in the road safety field. It is believed to
be a serious problem in transportation systems and a direct or contributing cause to
many accidents, accounting for some 20–30 % of al road accidents (Commonwealth of
Australia, 2000). Drivers may experience fatigue because of the length of the journey,
monotonous driving situations, the time of day, irregular work hours and high demands
to meet delivery schedules. As well as increasing the likelihood that drivers will fall
asleep at the wheel, fatigue also impairs driving ability such as maintaining road
position and appropriate speed. During fatigue, the decreased physiological arousal,
slow sensorimotor functions and impaired information processing can all diminish a
driver’s ability to respond effectively to unusual or emergency situations.

If indicators of fatigue can be developed, they might be used to provide drivers with
useful feedback about the onset of fatigue and their possible deterioration in driving
ability and road safety.

Drivers cannot maintain a high level of consciousness when they are mentally fatigued
and this is indicative in the EEG, which shows consistent and reliable changes during
fatigue. Work has been done that showed that monitoring EEG signals in both on-road
and simulator situations indicated that this was a promising method for monitoring
fatigue in drivers. A group of nine professional drivers were compared in day – and
nighttime driving on a simulated truck-driving task and it was found that the EEG of
sleepiness was higher during night driving.

Since fatigue presents hazards in the transportation system, methods need to be
developed to assess and counteract its effects. Because few drivers are probably aware
of fatigue status, it would seem important that no intrusive devices be developed and
tested that can alert the driver to the fatigue status. [8]

2.5 Arguments against safety devices
To get a counterbalance and a realistic sight at the safety devices there have been looked
at some opinions against safety devices. Vehicle manufacturers around the world are
spending large sums of money to develop sophisticated new safety devices. Anti-lock
brakes were one of the firsts. Within the next five to 10 years, adaptive cruise control,
collision warning, and vision enhancement systems are expected to become standard
features on new cars, all in the name of safety. Safety is the stated goal, but clearly
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economics is a major driving force. These devices will intrigue and attract car buyers.
Although the aim of high-tech devices is to improve safety, the human proclivity for
adaptation makes this a challenge. Adaptation, defined as the process of modifying to
suit new conditions, is an everyday occurrence in driving and happens on many levels.
Adaptations also occur in response to vehicle changes. Power-assisted brakes have
allowed drivers to approach situations requiring a stop at higher speeds.

A prime example of unfulfilled predictions because of adaptation is antilock braking. In
early proof-of-concept studies, test drivers drove at a designated speed and then braked.
Not surprisingly, braking distances were found to decrease on wet surfaces. Moreover,
directional control was maintained during braking on wet or dry surfaces. Based on such
studies, optimistic predictions were made. For example, one German engineer
concluded that the universal adoption of antilock brakes in Germany would result in a
10% to 15% reduction in accidents involving heavy damages and/or injuries.
Later studies considered the possibility of adaptation. A test track study showed that
when drivers could choose their speed, they travelled slightly faster after practising with
antilock brakes on wet surfaces, with the result that emergency stopping distance was no
different than with standard brakes. Other researchers observed 213 taxi drivers en route
to an airport and likely to be pressed for time. Drivers whose vehicles were equipped
with antilock brakes were found to allow significantly shorter headways to the vehicles
in front of them.
It is also becoming clear that some form of education is needed for drivers using
vehicles with sophisticated systems. A recent study in Quebec showed widespread
misunderstanding by drivers of whether their own vehicles were equipped with antilock
brakes (27% did not realize they had them) and how braking was affected (47% thought
antilock brakes improved braking on dry surfaces). Antilock brakes are just the
beginning. Much more complex devices are coming soon. Drivers with adaptive cruise
control and vision enhancement systems will have to understand their specific
limitations. Manufacturers can and should provide well-designed manuals and
educational videotapes. This is already being done for adaptive cruise control systems.
However, manufacturers are not in a position to verify through testing that drivers have
understood the new technology. It is up to departments of motor vehicles to consider
modifications to licensing tests to assess driver understanding of these new
technologies. Road safety can be improved through high technology, but to do so, the
complexities of human adaptation must be addressed and drivers must be informed
about how these devices function. [9]
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3 Micro communication
This is a two-way communication between the driver and the vehicle, which disappear
directly if one of them stops to answer. It is a kind of interaction like the one when you
ride, the horse and the rider influence each other. The riders will is in a superior position
of the horse, but the horses acting also control the rider moving pattern. They adapt to
each other. This is communication. The same thing happens between the vehicle and the
driver. The vehicle is more predictable than the driver, but the driver also have to
conform. An exchange of information is going on and it is that exchange Mats
Björkman calls communication. From the drivers sight it can be seen as control of the
vehicle, but on the basis of signals and information it is communication. Micro because
it is on an unconscious level this communication is taking place.

4 Driver-car-system
To accomplish any kind of safety devices, the dynamics of the system must be known.
Therefore it has been necessary to develop a new block diagram (model) to describe the
system. The focus in this work is at the interaction between the parts in the system. The
overall goal is to develop safety devices true a deep understanding of how driver and
vehicle reciprocal action.

4.1 Control system
The control system could be called an informative coupling; this kind of system has lots
of interference. It is depending of the human brain reactions and the will. The system is
a closed loop system and open loop with disturbance early in the process. The reason
that it is both open and closed loops is the human intention and the communication with
the surroundings. The communication with surroundings means for example when you
move the car to the side so other road-user can understand what your intention are. The
driver is involved in both of the analysed signals. Input signals have been the side
acceleration and the yaw velocity and torque at steering wheel was output signal in both
cases.
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Driver

Car
 Car

reactions

Human
inputs Torque at

steering wheel

Environ-
ment

effects

Figure 1 Block diagram 1

In figure 1 the driver is affected of both the car reactions and the environment. What
here is called human inputs is what the driver see, hear, feel, the things that affect the
balance and so on. The driver’s reactions are seen in the torque at the steering wheel,
which affect the car, which affect the driver again. The out signal is the torque at the
steering wheel. Figure 1 show the interaction between the human and the car, where the
drivers and the cars reactions depend on each other.

Information
 treatment

Reaction on
information

Car
Car

reactions

Torque at
steering
wheel

Environ -
ment

effects
Human
inputs Decisions

Figure 2 Block diagram 2

In figure 2 the driver is divided into a centre in the brain for information treatment and
one to bring out a reaction on the information. The environment and the car reactions
affect the human inputs. The centre in the brain for information treatment chooses what
kind of reaction, which will appear and sends a signal with the decision to carry out the
reaction on the information. This reaction later is shown as torque at steering wheel,
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which affect the car to move in a certain way. The reaction of the car comes as a
feedback coupling to human inputs.

Reflex

Reflex

Micro-
com.

Rule

Micro-
com.

Rule

Comp-
arator

Reaction on
information

Car

Torque at
steering
wheel

Side
acceleration

Yaw
velocity

Human inputs
caused by

side acceleration

Human inputs
caused by

yaw velocity

Environment
effects

Decision
caused

by
side

acceleration

Decision
caused

by
yaw

velocity

Reference
    point

Noise
signals

Decision

Figure 3 Block diagram detail level

In figure 3 the two insignals yaw velocity and side acceleration have been taken out as
the car signals. These signals and the traffic environment affect the driver with the
signals: human inputs caused by side acceleration and human inputs caused by yaw
velocity. Each one of these two signals goes true a test in the brain where it is checked
out if the signal demand a reflex related reaction or a rule based reaction or a reaction on
microcommunication level. The reflex reaction is of the type “put the brake on, an elk”,
the rule based “you have to stop at red light”, and microcommunication is more small
corrections to hold the car on the road. When it is chosen which reaction each of the
signals demand, they are compared and the one who demand the superior reaction are
the one who is sent as a decision to the reaction on information. Again the reaction is
seen in the torque at steering wheel. And the car reaction is seen in yaw velocity and
side acceleration. The car is also affected of noise signals such as pump in the road,
wind.
The speed is an important factor, without speed no signals. The car reactions depend on
a reference point where the wheels set brace against the road in every moment. The
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signals measured are torque at steering wheel, side acceleration and yaw velocity, the
measuring points can be seen in figure 3.

How the vehicle corresponds to the steering system depend on the car quality.

Interesting is that it looks like micro communication is some kind of program working
in the brain, approximately like staying in balance. It makes the driver function like
some kind of regulator that hopefully holds the car on the road.

4.2 Measurements
Information about this kind of measurements has been searched for but was not found.
In Active Attention project side acceleration has been compared with torque at the
steering wheel. What’s new in this part project is the measuring of the visual
impression. To get closer to how micro communication works and to understand what it
is, measurements have been done. Measurements on what here is called micro
communication have not been done outside the Active Attention project earlier. The
Active Attention project is a project that will hopefully lead to some kind of safety
device in the future; this dissertation is a small part in the beginning of the bigger
project.

4.2.1 Approach

 The side acceleration and torque at steering wheel is measured with equipment
available at Active Attention, it is called Active Attention MCR01, and the yaw velocity
with a video camera directed forward, assembled in the back window of the car. To
synchronise the curves from side accelerate and torque at steering wheel with the picture
from the video camera, there was used a program in Visual Basic who showed a clock,
which could be filmed at the same time as the road.

The work has followed the structure in figure 4, both the film and the logfile of the
micro communication was done during driving. Then the film was transformed in to a
Cd with avi-format. A logfile was brought out from the pictures in the film. The rawdata
from the film and from the micro communication was put into diagrams and
synchronised and put into a common diagram.
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Figure 4 Flowchart over sequence of work
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4.2.2 Measurement equipment

The measurement equipment used has been a data acquisition card to measure the side
acceleration and the torque at steering wheel. They have been measured with partly a
strain gauge sensor and partly a bridge amplifier. The filming was made with a video
camera. To transform the film into a Cd-record a video editing software, called Pinnacle
Studio DV version 7, was used and to get rawdata out of the picture a picture analysing
software, called Active Attention Interactive Road Tracker ver1.0, was utilized. More
information about the measurement equipment can be found in appendix A.

4.2.3 Signals

Three signals measured are Torque at steering wheel, Side acceleration and Yaw
Velocity (speed of visual deviation). The measurement equipment for signal Torque at
steering wheel and Side acceleration gives a value, which is proportional to the added
force. They are not calibrated and give a value between –511 and 512. Earlier studies
show that micro communication frequency area here is 0,3  – 3 Hz. In these two signals
there are no human incorrectness in the measurements. Frequency range is the area were
the measurements have been done.

Raw Signal Frequency range A/D-transducer Sample time

Torque at steering
wheel

0.1-10 Hz 10 bit 0.05 s

Side acceleration 0   -10 Hz 10 bit 0.05s

Table 1 Description of raw signal for torque at steering wheel and side acceleration.

The third signal is the one from the recorded driving. Measuring to get the signal here is
done with help from a program made in Visual Basic. By looking at the film and taking
a target on the screen with the mouse and then follow it till it disappears, values will be
collected that can be transformed into signals. In these signals a human incorrectness
can occur. Incorrectness in the measuring is that the avi film is estimated to
approximately 1,5 % faster then the measuring equipment. Incorrectness in the
synchronising is 1-3 sample; therefore moving two samples up makes a compensation
for the incorrect synchronising. Interrupting sample is taken away.

Side acceleration and yaw Velocity is compared to see if the driver react the same on
what he/she sees and what he/she feels. The third signal torque at steering wheel is used
as a reference signal. It has been looked at which one of the two signals that follow
torque at steering wheel best and if they compensate for each other. These three signals
depend on each other, true the driver. The car quality also matters here, because it is
different in different cars if what you see is what you feel.

It is not important with absolute amplitude because the signals are not correlated. On the
other hand the phase and trends in the looks of the curves are important.
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5 Analysis
Analysis is made in different ways, one thing has been to get into the system and obtain
an understanding before coming projects within the Active Attention project. To put the
signal into it’s context and try to see the whole picture. The second was a visual analysis
and the third was made with the program Matlab. One driver has been analysed so far;
more have been looked at.

5.1 Analyse of the control system
The control system is described in chapter 4. Here can be emphasised that the system
can be called a informative coupling and that it is a very complex system in which this
research only has looked at the signals for side acceleration, yaw velocity and torque at
steering wheel, our measuring points.

5.2 Visual analysis
In this analyse the three raw signals for torque at steering wheel, the side acceleration
and yaw velocity has been put into the same diagram, figure 5. When these curves are
compared it seems as if they have a common trend. The instructor Mats Björkman,
Active Attention had a theory that these curves should be synchronic and what differs
could depend on different kinds of interference, for example friction between the road
and the tyre, a bump in the road, wind. Some of the divergences can be something the
driver want and therefore breaks the pattern.  Later it was discovered that these curves
are not completely synchronic. Because of that it is too early to let go of the visual
impression. From the beginning Mats Björkman, Active Attention had hoped that these
test would show that it was enough to measure on the side acceleration and torque at
steering wheel.
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Figure 5 Unfiltered data

One theory about the divergences is that it appears a measuring fault in the yaw velocity.
The question is how good the approximation of the yaw velocity is. When a force is
supplied to the steering wheel it is seen in the yaw velocity at the same time, if you do
the same thing and look at the side acceleration there is a 250 – 300 ms. delay before it
appears in this curve. The discussion here is if this really corresponds. The fault
probably turns up because the speed is not considered in the measurements.

When comparison between torque at steering wheel and yaw velocity are performed, it
seems as the driver compensate for things that not yet have happened. The brain
calculates were the vehicle will be and compensate for that.

Figure 6 Relation between signals
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A correlation analysis is made (in excel) for interesting combinations of the three
signals; torque at steering wheel and the side acceleration, torque at steering wheel and
yaw velocity and the side acceleration and yaw velocity. (See figure 6) Here it seems as
torque at steering wheel and the side acceleration has the best correlation approximately
0.75.

A discussion is going on if this is reliable information, because the correctness of the
correlation analysis depends on the appearance of the curves. Correlation analyse
doesn’t give the whole true about the curves. Figure 7 shows two dislocated sinus
curves that in a correlation analyse would give better correlation than figure 8 were the
curves have a different appearance and only fit in maximum point and minimum point,
but here figure 8 actually have better fitness because the phase are matching. What are
looked for here are events that depend on each other and happen at nearly the same time.

Figure 7 Dislocated curves

Figure 8 Phase proper curves
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5.3 Analysis in Matlab
This analysis has followed the routine for identifying a system in Matlab. But it early
appears that it is a hard system to identify cause of its complexity and the closed loops.
Lack of knowledge and time made that further analysis in Matlab had to be “put on ice”.

6 Results
In this project it has been found a lot of interesting connections. In view of that this is a
closed loop system the result so far gives good condition to further investigations. It
looks like these signals don’t correlate well enough to each other to let go of the visual
impression.

One result of this investigation is the insight that the system is hard to predict. The
correlation gives the result that these signals are a closed loop system and affects each
other. A result of that is that it is hard to find good model fitness with help of the built in
models in Matlab.

The project has showed that it is possible to get data out of pictures.

An updated block diagram over the system is made and it can be a reason for future
models.

The measuring fault in the signal of yaw velocity is discussed here, but to get a proper
conclusion there is necessary with more knowledge about the influence of the speed and
a larger understanding of this way to measure.
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Appendix A

A1

Measurement equipment

Data Acquisition Card Active Attention MCR01
Accelerometer Analog Device ADXL 202
Acc resulotion 0.08 mg at 25Hz
Acc noice 1.5 mg rms at 25Hz
Acc Filter 22 Hz bandwith -3dB
Acc DC Gain +25.5dB
Micro Processor Atmel AT90S8535 programmed with E_LAB Pascal
compiler
Sensor inputs  Internal A/D 10 bit, sampling frequency 200 Hz
Software filt. 20 Hz bandwith -3dB (Moving Average Filter)
uP output to PC RS232 ASCII text format, no flow controll, 8bit, 1stop,
non parity
uP video sync 3bit binary LED for visual synchronization with video
sequences

Strain Gauge sensor Hottinger Baldwin HBM-6/350XY41
Resistance 350� +/- 0.30%
k-Faktor 2.07 +/- 1%

Bridge Amplifier Active Attention SGBA01 with
Sensor Voltage 5VDC for 2x350�
Gain +55dB
Active Filter 0.1 Hz - 50 Hz bandwith -3dB
Oputput to MCR01 0 - 5V

Video Camera JVC GR-DVL9800
     Recording system Mini DV
     PC connection FireWire IEEE 1394
     Zoom Fixed for 20° view angle

Video editing software Pinnacle Studio DV version 7
     Media output AVI-format 20 frames / second

Picture Analyzing Software Active Attention Interactive Road Tracker ver1.0
     Programming language Visual Basic 5 CCE
     Resolution 1 pixel of screen
     Output Table with Comment, Time, X-screen pos, Y-screen pos


