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ABSTRACT - During developing highly automatizated vehicles one of the most important
input parameter is the human driver. Due to the legislation the driver is not a passive unit in
the vehicle system, because he has significant influence to effect the traffic situation
Developing an electronically controlled systems we have to take into account the effect of the
interacting of a human driver.

The purpose of the research as a first step of the development of Brake-by-Wire and Steer-by-
Wire systems is to monitor the driver’s behaviour with such dynamical parameters, with
which the driver’s intention can be definitely determined and which can be resulted as
appropriate input information for an X-by-Wire system. A new algorithm was made to
monitor the accelerations of the vehicle, the revolution about three axes of the vehicle body,
and records soma information from CAN. The model which was validated by vehicle
simulations and referential tests is able to act on the electronic brake and steering system
depending on the driver’s behaviour.

INTRODUCTION

Examining the behaviour and the dynamics of the vehicle we can draw the conclusion the
driver has the biggest influence the vehicle’s motion, and the driver is the most complex
“system” in the vehicle. No matter how intelligent is a given vehicle control system, the
driver cannot be ignored during the vehicle control due to the legislation. The fully electronic
X-by-Wire systems are operating without any mechanical connection between the system
components, therefore they can ensure to intervene into the motion of the vehicle in several
ways. If the adapting and processing system is able to estimate the driver’s actual mental and
physical condition or the expectable requirements then the system is able to adapt the
vehicle’s dynamical behaviour to the actual traffic situation (1). Therefore we should collect
such signals from the vehicle and from its environment with which we are able to create
parameters for the algorithm of the driver behaviour monitoring system. Such signals are the
Anti-Lock and Anti-Scroll system activation signs, further more the position signals of the
acceleration and brake pedals which all can be obtained from the FMS-CAN bus system.
First, we have to observe the driver’s driving mentality how aggressive is the driver. From the
activity of these signs and from their gradient we can deduce to the aggression of the driver.
The system learns the different conditions of the driver, and that in different traffic situation
how the driver will react, so the next time the system can intervene into the brake and into the
steering system faster and more accurate (2).

Beside the data available on the vehicle we need the longitudinal and lateral acceleration and
the yaw-rate values, which can be obtained from an acceleration sensor. This provides more
information than the use the wheel speed sensors to calculate the accelerations, because it is



more accurate and has more degrees of freedom. The main aspects of the driver behaviour
monitoring system are:
- The driver behaviour has a major influence on the traffic safety;
- The transport costs, like fuel consumption and the wearing of components also depend on
the driving moral.
A well-tuned and well operating system can result in a safer driving and increases the
economy of the traffic.

THEORETICAL BASICS

Analysing and rating the driver

- Normal driver: The most important parameter of this class, is that a normal driver can
adapt to the surrounding environment, and traffic. It recognises fast, and accurately a
critical traffic situation, and doesn’t make others to make sudden manoeuvre with its
reaction. In this case the system doesn’t have to react too quickly to the driver’s
manoeuvre, the vehicle remains in a stable state.

- Aggressive Driver: Can not adopt to the traffic situations, it produces bigger accelerations
and because of this, bigger decelerations too. It makes bigger, and faster steering motions,
uses bigger cornering speeds. The driver makes the system react faster. The system
should recognize the panicky movements, or other factor which indicates an aggressive
driving style.

The drivers were sorted into two classes according to their driving behaviour. Our goal is to
create a system that can sort the drivers into these categories, by using given signals. The
main input signals of the proposed algorithm are the longitudinal and lateral accelerations, but
we also use the “changing” of the longitudinal acceleration too, that is the gradient of the
longitudinal acceleration. This is very significant because the gradient of the acceleration has
more influence on the failure of the parts than the acceleration itself (3).

The analyzing algorithm — Fuzzy rating system
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Figure 1: Overview of the Fuzzy rating system



The analysing algorithm is realised with the help of a so-called Fuzzy rating system (Fig. 1),
because the possible input values of the modelled problem — or we should say property
instead of value, because it expresses better the uncertainty — have no unique levels, the
transition between the existence or the absence of a property is continuous. It is not always
appropriate to describe the real world’s phenomena using binary approach of the physical
phenomena. Basically the fuzzy means a type of uncertainty, which comes from the
classification of such elements, which has no definite limits. To build as accurate model as
possible, we need to define some kind of transitions between the categories chosen by us,
because then the model is able to follow the style or the intention of the driver and we can
avoid the sudden passes from a level to another.

The Fuzzy membership function which is derived from the possible values of each input
dimensions can be seen on the Fig. 2. /The determination of the marked points (A; B; C; D) of
the membership function is based on measurement results and on simulations. /. The system
should not adapt to the lower accelerations and acceleration gradients, therefore it is not
necessary to define specific point in this interval (3).
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Figure 2: The fuzzy membership values referring to the acceleration and acceleration gradient (3)

The introduction of the algorithm, for monitoring the driver

We measure the Longitudinal and lateral acceleration of the vehicle. The empirical tests
showed that the measured signals are noisy, so we proposed a filter technique by using
Bezier-approximation curves. In certain time intervals, we calculate the maximum values of
the longitudinal acceleration, and deceleration, and the maximal lateral acceleration, in the
previous time interval.

We can determine the maximal deceleration gradient in the analysed time interval, if we
search the local extremum places in the three specific acceleration diagrams, between these
we approximate the acceleration diagram with linear regression, and the slope of the
approximation function will be the slope of the acceleration gradient. The purpose of this
determination method of the acceleration gradients, and the filter technique used as the first
step of the algorithm is to make the acceleration signs smoother, because these signs are quite
noisy and the noise can lead to false conclusions. However we have to take care not to remove
peaks from the acceleration gradient diagram with this method (2).

The accuracy and the certainty of the estimation depend on the number of the used input
parameters, and from their type. So besides the acceleration signs we use the signs from the
previously mentioned CAN bus system (vehicle speed, brake side, and engine-side sign of the
anti-scroll system; brake and accelerator pedal position sign; actual fuel consumption, engine
revolution).



CREATING AN ALGORITHM

The qualifying algorithm was made in Matlab Simulink which makes it easy to connect to the
hardware environment during both the tests and the later utilization. The algorithm has two
parts: one makes the analyzation based on safety criteria and another makes an analyzation
from an economical aspect. The inputs are the accelerations and some signs from the CAN,
and as a result we get penal points with a given membership value. The algorithm of the X-
by-Wire system can decide based on this value how to react to the driver’s intention.

Analyzation from the point of view of safety

It was mentioned above that the analyzation from the point of view of safety is mainly based
on the vehicle’s longitudinal and lateral acceleration signs. Therefore the subsystem can be
divided into three parts, which can be seen on Fig. 3.
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Figure 3: Subsystem for safety analyzation (2)

During the input sign process we separate the acceleration signals by sign, and the
deceleration (negative acceleration) signals will be multiplied by a negative factor and added
to the positive accelerations. The factor will be determined by the proportion of the
accelerations and the decelerations. In lateral direction we use the absolute value, and finally
two other outputs should denote, whether the acceleration values have already reached the
previously mentioned limit below which there is no rating. In this block the subsystem can be
found containing the Fuzzy rules and membership functions referring to each direction. This
information attains to the “Final Class” subsystem where the appropriate intervene will be
carried out (2).

To remove fluctuations of raw acceleration data caused by disturbances — besides the
application of filtering — an averaging of values occurs for relatively small periods of time,
then the maximum of the average values for a longer period of time is selected. The reason for
this procedure is, that not the average acceleration but its maximum within a longer time
interval is the representative quantity during evaluation — and that is the method applied by us.
The longer time interval, from which one maximum is selected, is the evaluation cycle. Both
the length of the averaging intervals and the length of the evaluation cycle have to be
determined with prudence. The criteria for choosing an averaging time interval is that
acceleration should not incur a major change. The important feature for the selection of



maxima in the discussed model is, that both braking and acceleration happens in the given
interval.

The procedure for analysis of economy

Inputs to the logic circuit come from the vehicle’s CAN bus. The information is coded for
optimal distribution on the CAN, it has to be transformed to the original values.
Transformation is implemented in the “Input Scale” subsystem, see Fig. 4.
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Figure 4: Procedure for the analysis of economy (2)

After signal processing, information is passed on to the Driver Behaviour Observer algorithm,
pieces of it as inputs to the safety unit, others as data from sensors installed in the vehicle.
DBO analyses the information obtaining from the driver and creates the value for the grading
of driver behaviour.

Svynerqy of the procedures

Output of the safety analysis procedure is not only the determined category, but also the
membership value calculated by the Fuzzy logic, valid in the interval {0..1}. Because the
membership value represents the probability of the driver belonging to the category in
question, it can be converted to a penalty score. Therefore, in the case of an unfavourable
critical classification, integration of the corresponding membership value delivers the penalty
score, which describes the magnitude and time length of the deviation from the desired driver
behaviour. This way, the unit of penalty score calculation can be attached to the rest of the
units of the economy analysis tool, by the common output interface. This is the last step,
which makes the description of the penalty score calculation units complete, five of which is
depicted on Fig. 5. Steering wheel angle is also among the inputs of the model. If the vehicle
is fitted with ESP (Electronic Stability Program), a steering angle sensor is installed as well,
and lateral acceleration ceases to be the only parameter in recording lateral dynamics (2).
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Figure 5: Complete penalty score calculation (2)

After that, only the model that classifies the driver regarding safety, needs to be included in
the system (Fig. 6).
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Figure 6: Combined driver monitoring algorithm (2)

On the output we get the value referring to the driver’s behaviour which includes not only the
economical rating but the safety rating as well.



MEASUREMENT

The vehicle simulations was carried out with the help of a graphical vehicle dynamical
simulation software called SDK, which is able to simulate the most dynamical parameters of a
real vehicle and send it via CAN interface. This is a proper device to examine the economical
analyzation part, because in reality we can carry out such tests like high speed driving, over
steering manoeuvres or activating safety systems only on test fields.

During the vehicle test we equipped two DAF CF85 4x2 tractor with GPS tracking device
VDSU accelerometer, and with a device which can read the signals from the CAN (VDSU —
measuring longitudinal and lateral accelerations, and yaw rate; AutoBox — real-time industrial
computer which is able to communicate with CAN an other sensors real-time, and to
communicate with a notebook). During the test we processed and evaluated the incoming
signals with the help of the audio-video supported system.

LOGICAL ANALYSATION OF THE SYSTEM

During the validation the purpose of the examination was to check the logics of the algorithm.
We made examination with several different input data, to verify whether we get the correct
result for a given input. With these verifying processes it succeeded to set the internal
parameters, to tune the system.

Fig. 7 shows clearly, that exceeding the engine revolution limit of 2000 rpm starts to reduce
the driver’s score. A closer look reveals, that the reduction is proportional to the extent of
overspeed rpm. At time index 875 sec, ABS is activated for a short period of time, which
reduces the score again, implying the creation of penalty scores.
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Figure 7: Evaluation of longitudinal and safety system signals (2)

Behaviour of the traffic safety analyzation unit is plotted on Fig. 8. In the interval highlighted
by the marks on the left, both the lateral and longitudinal acceleration is large, resulting in a
classification to “aggressive”. This phase is followed by a stop, during which acceleration
values are close to zero, and classification is “inactive”, instead of the membership value, the
value 2 is given by the blue curve. Classification “slow” is recorded by the system, but it does
not influence calculation of the final values in any way (2).



Traffic safety evaluation
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Figure 8: Evaluation of acceleration signals from a traffic safety and economy point of view (2)

CONCLUSION

We have developed an algorithm which is capable of evaluating the driver on basis of his/her
behaviour in the traffic, and provides therefore an appropriate input to X-by-Wire systems.
More road testing is necessary to fine-tune the system, and to compile the completed code for
use in microcontrollers, if it turns out to be applicable for a driver’s evaluation of this sort. If
those steps are completed, the model will be suitable to intervene into the operation of the
electronic braking and steering systems depending on the “state” of the driver.
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