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The article presents pre-accident simulation tests conducted on a car track and in a simulator.
The aim of the tests was to verify the correctness of a driver model worked out for such a type of
analysis and the identification of its parameters. The article shows the comparison of parameters
characteristic for driver behaviour in both testing environments. As the driver may have chosen
the manoeuvre to defend — to brake or (and) to avoid an obstacle, the frequency of choosing the
above - mentioned manoeuvres has been compared in each testing environment. The comparison
of driver reaction time was carried out during braking as well as turning. Correlation coefficients
between average reaction time were determined. The comparison of a manoeuvre realization
method has been conducted. As a numerical measure of the manoeuvre realization method, the
parameters of a mathematical driver model were taken into account. The correlation analysis of

model parameters was realized on the example of selected drivers.
1. Introduction

The possibility of performing a computer simulation of the real vehicle movement
depends not only on the quality and accuracy of the prepared dynamic vehicle models
but also on the quality of modelling the driver behaviour (actions). Attempts to create
a so-called driver model have been made for many years by many authors. However,
due to the complexity of this problem the prepared driver models have been
deliberately limited to a specific broad field of interest. In many articles [1-11] authors
propose the concept of a driver models also for a particular, narrowed scope of
application, i.e. for the analysis of pre-accident situations.

The model worked out by authors and described in articles [12-14], [4-7] has been
tested for a selected scenario of a pre-accident situation. A manner of performing a
given scenario during tests on the ‘Kielce’ track has been presented in article [13]. The
estimation of frequency of particular driver behaviours and driver reaction time for
turning manoeuvres, engine braking and using a service brake have been conducted.
Linear regression equations that describe the relation reaction time in a risk time
function that is a characteristic of an accident situation [12] were determined. On the
basis of registered in function time values of the of wheel turning angle and
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deceleration, carried out identification procedure of a driver model parameters for
research on the track.

As we are interested in so called “average driver”, despite the efforts to maintain
various safety measures, pre-accident situation tests are connected with some level of
risk. A safe alternative to carry out such test is a virtual environment, i.e. a driving
simulator. To estimate whether it is possible and in what range to realize such tests in
a virtual environment, tests of the same group of drivers and with the same scenario
were conducted in the simulator. Then, the same conduct procedure was applied as in
case of data obtained on the track. The comparison analysis of the results obtained on
the track and in the simulator has been presented in the following article.

In some publications one may find, in a descriptive way, characteristic differences in
the perception of a real road situation and its mapping in a virtual environment (in the
driving simulator) [2], [15-16]. Thus, a particular advantage of conducted tests is the
possibility for estimation of differences of various parameters values that are
characteristic for driver behaviour in both environments.

2. Eksperimental tests on the track

The experimental tests have been conducted on the ‘Kielce’ track . The vehicle
used for testing was a Ford Transit with appropriate measuring equipment. During
tests many parameters were measured. Assignment of some of them was essential to
delimit the parameters of a developed driver model (deceleration, angle of wheel
turning). To carry out tests was selected a pre-accident situation that was a sudden
obstacle in the form of a motor car driving form a side road. A more detailed scenario
and tests method were presented in article [13].

The aim of a driver was to try to avoid the collision with an obstacle appearing on
the road, however, the reaction method for a sudden risk was not imposed on the
driver.

According to his individual, subjective assessment of a given road situation, the driver
could only brake, make a passing manoeuvre or perform both types of actions at a
desired level of intensity.

During tests and analysis the term 'risk time' was used [4], [6], [9], [12], [15], [17].
Risk time tz has been defined as the time, which the driver has from the moment of
noticing an obstacle to a potential collision with it, and it can be used by the driver to
apply defensive measures. This parameter is calculated as relation of distance car from
obstacle S, to his speed V (fig. 1) - (equation 1) (in some publication called TTC —
Time To Collision [18-20]), as it has been shown by the authors in articles [5], [7],
[13-14] becomes useful to assess an accident situation.
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obstacle

fp =— (1)

Thanks to its application, a particular situation is characterised (the above-
mentioned car speed and the distance from an obstacle when it becomes visible) by
this one parameter, i.e. risk time.

The tests have been conducted for the following parameters: driving speed
characteristic for developed areas in cities: 40, 50, 60 km/h; distances from the vehicle
at which the driver noticed the obstacle: 10, 20, 30, 40 and 50m. A combination of
these parameters made it possible to obtain 15 different trials, characterized by initial
risk time (this value be counted for moment when obstacle appears) of values in the
range between 0.60 s to 4.5s.

3. Experimental tests in the simulator

The tests were conducted in a driving static simulator took place in a Simulation
Tests' Laboratory of the Faculty of Transport of the Warsaw University of
Technology. The construction and the simulator's possibilities have been described in
the studies [21], [22]. Signals from the sensors have been processed by a set of three
IBM PC computers and the effects of the simulation have been displayed on an HD
overhead projector on a screen behind the car. The simulator software, which enables
the analysis of different road situation scenarios contains a vehicle model [23] with the
following parameters:

— 7 degrees of freedom (2 coordinates of the centre of mass of the vehicle movement
in a earth fixed coordinate system, yaw angle, 4 rolling angles of road wheels),

— aquasi-static description of changes in the normal road reactions,

— flexibility of the steering system

— acomplex non-linear model of contact forces and aligning moments.

The scenario implemented in the car driving simulator AutoPW was identical with the

one used on the track. Owing to the graphic capabilities of the simulator, it was

possible to reconstruct the scenery of the analysed situation in a more realistic way.
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Fig. 2 presents a simulator reconstruction of the intersection in simulator. Fig. 3 shows
the bird’s eye view of subsequent phases of passage in a single trial.

Fig. 2. The view on real road crossing and his mapping in AutoPW simulator.

The tests have been made with a group of 30 drivers (males), in various age 20 of who
were aged between 22 and 24, and 10 were aged between 30 and 67. The same group
of drivers participated in both experiments (the track ‘Kielce’, driving simulator
AutoPW). The simulator's software (car model) was loaded with Ford Transit
parameters that was used on the track, so in the simulator, the driver was driving a
motor car of the same parameters as on the track.
Fulfilling three conditions:

— the same group of drivers,

— the same scenario and test parameters,

— amotor car of the same suspension parameters,
the similarity of conducted tests in both testing environments has been guaranteed on
the best possible level. Thus, possible differences in obtained tests results will be
solely connected with the influence of a testing environment. Therefore, it will be
possible to indicate, in which aspects drivers' behaviours in both environments are
similar or identical, and in which they are different. The drivers before researches in
simulator acquainted with specific this researches environment in time of tentative
rides.
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Fig. 3. Mapping one of the registered trials (a bird’s-eye view).

4. Estimation of manoeuvre taking frequency

The studies have shown that the decision to take a particular action (turning,
braking) depends on the value of risk time and not only on driving speed or distance
from the obstacle [12]. For the purpose of further analysis, ‘W’ coefficient has been
specified to describe the ratio of the number of people making a specific manoeuvre 7,
to the number of all test participants n - that is frequency of occurrence of given
defensive manoeuvre - expression (2).

n
W=-L-100% (2)
n
The biggest likeness of behaviour in both types of environment was observed in the
case of a decision to make a turning manoeuvre. Fig. 4 shows the value of the ‘w’
coefficient, specified for that manoeuvre. A clearly defined risk time value is visible
(circa 1.2-1.5s), at which practically 100% drivers decide to make a turn manoeuvre.
In the case of accident situations with risk time below that border, percentage of
drivers who decide to make the turning manoeuvre drops rapidly but even for the
shortest tested risk time #zy= 0.6 s it does not drop to zero.
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Fig. 4. The frequency of making decisions concerning the choice of a turning manoeuvre

The greater differentiation of behaviour types has been observed in the case of the
braking manoeuvre. Fig. 5 shows the engine braking frequency in both types of test
environment, and fig. 6 shows the frequency of braking with a service brake.
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Fig. 5. The frequency of making decisions concerning the choice of a turning manoeuvre

Frequencies of making decisions to brake only with the engine (the tested persons
stopped pressing the accelerator pedal in that case instead of pressing the brake pedal)
were similar in both types of environment and ranged from ca. 0 to 40%. However,
with the track tests there is a slight increase in the frequency of making this
manoeuvre along with the increase of the initial risk time. In the simulator the
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frequency reaches the values between 30 and 40% only for small risk time values, and
stabilizes at ca. 10% above 1.0-1.5s.
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Fig. 6. The frequency of making decisions concerning the choice of a braking manoeuvre

The greatest differences in driver behaviour are visible in the case of braking with a
service brake. During the track tests the biggest frequency of making this decision was
ca. 40% for the risk time of ca. 2s. Above the risk time tro = 3s the percentage of
drivers who decided to brake with the brake pedal fell to ca. 20 —30%. In the
simulator the situation was different. With risk time ranging from 0.6 to 2 s the
percentage of drivers making that manoeuvre increased in an almost linear manner
from 0 to 80%. and stayed at that level until the end of the tested range tgo The
behaviour similarities in two types of testing environment are bigger if considered
together with the issue of driving speed reduction, regardless whether it takes place
due to the engine or pedal braking - fig. 7.
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Fig. 7. The comparison of frequency reducing driving speed

Although in that case this decision was also more often made in the simulator, the
variability - that is the increase in frequency of making decisions with the rising risk
time - is the same in both types of testing environments. In the case of long risk time

the above diagrams are similar (an approximately horizontal line) but they differ by a
specific constant value of ca. 30%.

5. The analysis of reaction time correlation

Among the driver model parameters, reaction time were analysed particularly
thoroughly [4], [7], [18], [24-27]. It results from the fact that the obtained reaction
time values may be directly used in reconstructing the course of road accidents.

5. 1. Reaction time during turning

It has been found out that driver reaction time during test in the simulator is shorter
than those on the track. However, it is impossible to indicate a fixed difference value
of reaction time, as it is stated in some publication sources e.g. [25], [28].

Tests conducted by authors have shown however that obtained reaction time values,
both on the track and in the simulator, is very much dependent on an initial risk time
value which characterised a particular trial. Reaction time during turning be defines as
time since moment appearing obstacle by driver to moment reaction through driver on
the steering wheel.

The average driver reaction time, specified for the whole driver population for
individual actions both for the track tests and in the simulator have shown a linear
dependence on the initial risk time value #zy. These characteristics are very similar for

both types of environment. They are shown in the subsequent figures. Fig. 8
demonstrates the turning reaction time.
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Fig. 8. Drivers’ reaction time for turning in function ¢z,

The presented diagrams allow us to formulate the following conclusions:

1. the reaction time obtained both on the track tests and in the simulator clearly
depend on the risk time and do not depend only on speed at which the subsequent
trials took place.

2. the reaction time vary broadly (from ca. 0.4 +~ 1.9s on the track to ca. 0.15+ 1.5 s
in the simulator) and strongly depend on the risk time values tgo- the relation is
linear in character.

The first of the listed conclusions deserves stressing. Publications concerning accident
analysis and different types of guides for experts contain recommendations as to the
value of reaction time. In many cases they are relatively accurate, subject to statistical
processing and are shown e.g. in the form of the distribution function. They do not
make, however the recommended reaction time contingent on any parameters
characteristic for the pre-accident situation. Consequently, the expert may assume the
same reaction time both for a situation with the risk time of 0.6s and for a situation
with much higher risk time - for example ca. 2.0s.

The diagrams presented in fig. 8 clearly prove that in both situations mentioned above

significantly different reaction time should be assumed. Therefore, is the above

conclusion justified or is it a randomly obtained result? Certainly the randomness of
results can be ruled out. First: the relation between the reaction time and risk time has
been confirmed by two independently conducted tests - on the track and in the
simulator. Second: each of the points set on the diagrams is a average value of reaction

time of 30 drivers tested in each trial. Each diagram was created on the basis of 450

measurements. Dependency of the reaction time from the risk time may be interpreted

in the following way: when assessing the situation, the driver does not consider
driving speed and distance from the obstacle separately but he is aware of the time
available for making a decision and reacting._When he feels that there is more time
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available, it takes longer for him to make the decision, and by all means it takes longer
to react.

The confirmation of that thesis is the dependence of reaction time obtained on the
track and in the simulator as well as the results of correlation analysis illustrated in fig.
9. The calculated linear correlation coefficient was very high at R =0.97. For the
relation shown in fig. 9 a linear regression equation (3) was estimated, which enabled
the calculation of the average reaction time on the track 7, at a known value of the
time on the simulator 7, The each point on the figure 9 represent the average reaction
time appointed in simulator and the track, for the same value risk time.
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Fig. 9. The relationship of average reaction time (during turning) determined on the track and average
reaction time determined in the simulator

5. 2. Accelerator pedal reaction time

Fig. 10 demonstrates the features of the accelerator pedal reaction time in the
initial risk time #z, function. Accelerator pedal reaction time be defines as time since
moment appearing obstacle by driver to the action in the accelerator pedal.



Driver Model for the analysys of pre-accident situations... 159

3 3
+ 40km/h

» Track 3 ® 50km/h
2 € A 60km/h
= |7, =0.308 *tz,+0330] s
82 g2 | Simulator |

@®
i 9]
[ =
= + + = | 7. =0.139 *t,* 0246
S a ° 3
o o
= + PEET o 1 :
© +'® & ¥+
[ -
E y 4 o] ‘+A. te.
st ®

4 5
risk time, s risk time, s

Fig. 10. Drivers’ reaction time for accelerator pedal in function zp,

Since the interrelations between the accelerator reaction time determined on the track
and in the simulator is also linear, it is possible that they are correlated. For the
accelerator pedal reaction time determined in both environments a correlation
coefficient has been specified at R=0.90 and the linear regression equation has been
defined (4) for the relation shown in fig. 11.
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Fig. 11. The relationship of average reaction time (for accelerator pedal) determined on the track and
average reaction time determined in the simulator.



160 R.S. Jurecki, T.L. Stanczyk

r,=1851-7, +0,016 )

Using this relation average accelerator pedal reaction time on the track 7, may be
calculated at the known value of reaction time in the simulator 7.

5.3. Reaction time during braking with a service brake

The reaction time characteristics for braking with a service brake have been
presented in fig. 12. As in the previous cases they show a clear linear dependence on
risk time. The relation has been obtained both for the track and simulator tests.
Braking reaction time be defines as time since moment appearing obstacle by driver to
the action in the service brake pedal.
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Fig. 12. Drivers’ reaction time while using service brake in function zg,

A linear correlation coefficient has been determined for the average reaction time
values obtained on the track and in the simulator (for a specific risk time value). It was
not significantly lower in comparison with the turning and acceleration pedal
manoeuvres and its value R=0.88 can be described as high. The relation between
average braking reaction time obtained in both testing environments has been rendered
in fig. 13.
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Fig. 13. Dependence of average reaction time (for braking using service brake) set on the track from
average reaction time set in the simulator

The fixed regression dependence (equation 5) enables the calculation of average
reaction time for braking on the track 7, at known average reaction time determined in
the simulator 7.

7, =2.287-7, —0,531 (5)

5.4.  Summary of driver reaction time' comparison

For further comparison, table 1 shows the values of the differences of average
reaction time for five selected trials characterised of different risk time values. The
table presents differences only for two basic type of time used for accident
reconstruction, i.e. reaction time during turning and reaction time during braking with
a service brake.

Table 1. Comparison of reaction time obtained on the track and in the simulator
Differences of average reaction time: track — simulator s.
for five selected values of risk time t,,
tr() = 0,6 S trO = 1,5 S trO = 2,5 S trO = 3,5 S tr(): 4,5 S

Difference of reaction time

. . 0,13 0,19 0,27 0,34 0,41
during turning
Difference of reaction time
during braking with a service -0,01 0,24 0,52 0,79 1,07

brake

Taking into consideration the above-mentioned comparison of reaction time, the
following conclusions may be drawn:
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- drivers' reaction time during turning as well as braking obtained during tests in the
simulator is shorter that during tests on the track (fig. 8, 10 and 12);

- the difference of average time values obtained on the track and in the simulator is
not fixed for a particular manoeuvre but it decreases linearly along with the decrease
of risk time that characterises a particular trial, that is along with the increase of
situation risk level (fig. 8, 10 and 12 and table 1);

- all the above-mentioned values of drivers' reaction time determined during tests on
the track and in the simulator show a strong mutual correlation (fig. 9, 11 and 13).

- average reaction time values obtained in both environments take similar values for
small value risk time (difference approaches zero — tab. 1)

The last conclusion is worth noting as it indicates that testing situation of the least risk

time values, which realization on the track may be particularly dangerous, can be

conducted in the driving simulator.

6. The analysis of model driver parameters (Ways of manoeuvres realization)

Measuring has shown that the registered characteristics of the wheel turning angle
and vehicle deceleration are very different [S]. In some trials (predefined risk time
values) the obtained of turning characteristics and deceleration characteristics were
placed around the predefined average line, while the others showed stronger
differentiation.

However, in the majority of trials the obtained characteristics indicated so large
differentiation to make averaging pointless. Consequently, the results of tests on the
track and in the simulator comprised a basis for dividing the whole population of
tested drivers into four smaller groups with typical manners of behaviour [12]:

1. Very small deceleration (or does not occur), ‘early’ turn.

2. Very small deceleration (or does not occur), ‘average’ turn.

3. Small deceleration, ‘average’ turn.

4. Small deceleration, ‘early’ turn.

A mathematical driver model for the analysis of pre-accident situations has been
worked out as to precisely (mathematically) characterise methods of manoeuvre
realization. It has been assumed that the model will comprise two basic functions used
by drivers as defensive manoeuvres in risk situations [12], [13]: decreasing the speed
(braking) and steering (avoiding an obstacle).

In the prepared driver behaviour model described in [12-14] the braking model takes
the form of equation (6):

by (1) + Wb, (1) =W, (yzm (t—7,)—y,(t~ r,,)j + W, (tij (6)

R

where: W,;, W, Wj;- braking model coefficients, b,- vehicle deceleration, y,, - obstacle lateral position,
y,— lateral position of the vehicle's mass centre, 7,- reaction time for braking, #z- risk time, S -
distance from the obstacle, 7 - time, V- vehicle speed.
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The steering model takes the form of equation (7).

S,()+W,0,(t) =Wy(y,,(t—7,) = »,(t—T,)) )

where: W, Ws- steering model coefficients, &- wheel turning angle, y,,, - obstacle lateral position, y,—
lateral position of the vehicle's mass centre, 7 - reaction time for steering.

The identification of model driver parameters on the basis of tests in the simulator has
been conducted similarly to the test results on the track [13]. For particular trials
characterised by the value of initial risk time, tg, characteristics with the division for
groups of drivers were determined. Similarly to the presentation of results on the track
[13], on the graphs apart from a wheel turning angle courses and a deceleration
realized by particular drivers, are presented courses of average values (thick line),
envelope of minimum values (broken line) and envelope of maximum values (dotted
line). Furthermore, the field, with the characteristics of drivers from a particular group,
has been marked. Example characteristics of a deceleration and wheel turning angle
obtained during tests on the track and in the simulator for one selected trial

characterised by the initial risk time value of 1.8s were presented in fig. 14... 15.
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The above-mentioned characteristics illustrate that despite the division of drivers into
four groups, the diversification of drivers' behaviours on the track and in the simulator
is big. That is why, it is impossible to so clearly indicate similarities and regularities as
it was analysed before in the case of probabilities of manoeuvre realization or reaction
time. While analysing these characteristics it can only be pointed to the following
regularities:
— on the characteristics are visible shorter reaction time in the simulator, both during
braking and turning (confirmation of thesis from chapter 5);
— in the simulator all drivers braked with greater intensity — in some cases double or
greater deceleration was obtained than on the track;
— in the simulator, all drivers performed stronger turnings during avoiding the
obstacle — double or greater maximum values of turning angles than on the track.
With the aim to precisely quantitatively characterise the similarities or differences of
the manoeuvre realization way, the identification of driver model parameters
(described in equations (6) and (7)) has been conducted. The method of parameters
identification on the basis of track test results has been described in detail in article
[12]. In a similar way, the model parameter identification has been carried out on the
basis of simulator test results.
The identification criterion was the compatibility of characteristics (in the time
function) of the steered wheels’ turning angle - equation (8) and deceleration -
equation (9) obtained in experiments Geger beyer and obtained in a computer
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simulation of the driver model 6jpu, bsime- A minimum criterion function value J, J,,
calculated between start time #,and end time 7, of a given manoeuvre (7=t,-t;) has
been searched

1
for the turning angle J, = F J.(é‘exper‘- - 5simL,1’ (l‘))zdt (8)
L
1 ,
for deceleration /5 = ? J.(bexsperi Ok bsimuli (1))dt 9
i

A possible difference of model parameter values was the result of the fact that the
proposed form of the driver mathematical model, described well the driver behaviour
only in one testing environment. Article [13] illustrated high compliance of results
obtained on the track and in the computer simulation with the use of the driver model
and identified model parameter values.

To present that the proposed driver model well describes driver behaviour also in
the simulator, there has been carried out the comparison of time courses of
deceleration and turning obtained during simulator tests and computer simulation with
the use of the mathematical driver model. At the same time, in this case the parameters
of the model identified for tests in the simulator were used.

Fig 16 - 18 contain example results of simulations for different risk time values. In the
selection process attention was drawn to the differentiation of turn and deceleration
characteristics obtained in the simulator. Conducted simulations for identified model
parameters on the basis of tests in the simulator point out that the mathematical driver
model proposed by the authors does not concern solely one particular form of
characteristics but well describes different forms of turning characteristics as well as
deceleration obtained both on the track and in the simulator.

Since the proposed form of the mathematical driver model may be considered as
adequate to describe driver behaviour both on the track and in the simulator, potential
difference values of model parameters obtained in both environments shall be treated
as the effect of differences in testing environments.
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Fig. 16. Comparison of the turning angle courses and deceleration courses, obtained in simulation and

registered in the experiment for risk time tgo=1.2s (parameters for driver a 1st group)
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Fig. 17. Comparison of the turning angle courses and deceleration courses, obtained in simulation and
registered in the experiment for risk time tgo=1.8s (parameters for driver a 1st group)
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Fig. 18. Comparison of the turning angle courses and deceleration courses, obtained in simulation and
registered in the experiment for risk time tyg=2.16s (parameters for driver a 2™ group)

For identified WI1, W2, W3, W4, W5 coefficients, in most cases we did not
succeed in establishing any regular form of organized value which allows for
determination for them functional dependences. Well then, value ranges for those
coefficients for particular groups of drivers were determined. Only in some cases, if it
was possible, to determine linear regression equations [13].

To make comparisons and assessments easier, the analysis was limited exclusively
to the comparison of average courses of deceleration and turning (thick line in fig.
14,15), for first two groups of drivers. Table 2 presents value ranges of identified
model parameters for tests on the track and in the simulator. These ranges comprise all
15 trials of risk time values within 0.60s to 4.5s (see chapter 2).
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Table 2. Values of driver model parameters identified on the basis of test on the track and in simulator

Average characteristics deceleration and turning angle

Coefficient Group track simulator
min max min max
w1 1 -0,82 1,12 -1,5 -0,38
w | 2 2 -0,75 1.03 -2,0 -0,32
E3 § 1 -0.91 1.21 -0,95 -0,35
E é g W2 2 -0,45 0,45 -2,35 -0,98
g w3 1 0 0,9 0 0,9
2 0 0,9 0 0,9
1 -0,31 2,82 -1,25 1,41
£3 g ~ w4 2 0 25 20.95 25
- %v Ws 1 0,004 0,1 0,03 0,1
coe 2 0 0,056 0 1,11

Additionally, the results presented in table 2 are illustrated on the graphs — fig. 19 and

20.
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Fig. 19. Ranges for the values of braking model parameters for track and simulator tests

The analysis of W1 and W2 coefficient values did not allow to indicate, with

reference to the whole group of drivers, either any functional dependence or
correlation between values obtained on the track and in the simulator. Nonetheless, it
can be stated that value ranges obtained on the track are moved towards positive
values as compared to ranges obtained in the simulator.
Worth mentioning is the fact that W3 coefficient for both groups of drivers adopted
values from the same range of variability, both during track and simulator tests. This
coefficient occurs in equation (6) with an element being the inverse of a current risk
time value. This means that, this element of the way a driver reacts during braking is
approximately the same in both testing environments.
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The analysis of W4 coefficient did not let to point out either any functional
dependence in relation to the whole group of drivers or the correlation between values
obtained on the track and in the simulator. It can only be stated that (similarly to W1
and W2 coefficients) the ranges of values obtained on the track are moved towards
positive values in relation to the ones obtained in the simulator.
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Fig. 20. Ranges of steering model parameters for track and simulator testing.

The analysis of W5 coefficient, however, leads to interesting conclusions. A bottom
border of a value range, for both groups of drivers, and for both the track and the
simulator, is more or less the same — close to zero. Whereas the upper border, for the
first group of drivers is the same but for the second one is almost twice bigger in the
simulator rather than on the track. W5 coefficient occurs in equation (7) with an
element that described a current distance between the centre of a car and an obstacle,
measured in lateral direction. This means that with a particular lateral distance
between the car and the obstacle, for the drivers of the first group this element of
driver behaviour during avoiding an obstacle is approximately the same in both testing
environments, whereas for the drivers of the second group this element of driver
behaviour in the simulator is nearly twice stronger than on the track. This has been
quantitatively illustrated, through a mathematical model, confirmed above-mentioned
descriptive difference between driver behaviour on the track and in the simulator.

7. The correlation analysis of driver model parameters obtained
for individual drivers

While analysing driver behaviour on the track and in the simulator, it has been
found out that there exists similarities and correlations for the whole tested population
in relation to some parameters that characterise this behaviour. A strong correlation
between reaction time on the track and in the simulator occurs. It was impossible to
confirm the existence of correlation among model coefficients mentioned in chapter 6,
yet the whole tested population was divided into smaller groups.

It occurred, however, that it is possible to observe the correlation among model
parameters obtained in both testing environments, not in relation to average group
behaviours but in case of the analysis of a single driver behaviour.
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The analysis of correlations has been performed on 3 randomly selected drivers. The
results are shown in table 3. Drivers A and B come from group ‘1’°, whereas driver C
comes from group 2’.

Table 3. Results of a correlation analysis of model coefficient

LINEAR CORRELATION COEFFICIENT
W1 w2 W3 W4 W5
Driver ‘A’ 0.824 0.896 0.658 0.925 0.899
Driver ‘B’ 0.547 0.776 0.748 0.708 0.827
Driver ‘C’ 0.663 0.620 0.786 0.901 0.804

The conducted correlation analyses of model coefficients (W1, W2, W3, W4, W5)
show that the correlation between test results on the track and in the simulator is high.
It needs to stated, however, that the correlation concerning reaction time and steering
model coefficients (W4, W5) is much stronger than in the case of braking model
coefficients (W1, W2, W3). Probably correlation between the steering model is
stronger because drivers in both types of tests preferred that manoeuvre for the
assumed accident scenario. In that case braking was regarded as a complementary
action. We may presume that the situation may be different for other scenarios in
which braking would be the dominant action.

8. Conclusion

In the following article there have been conducted the analysis of similarities and
differences in drivers' behaviours in simulated accident situations on the car track and
in the driving simulator. To enable this type of analysis, the similarity of experiments
conducted in both testing environments has been guaranteed to the highest degree.
This was achieved by fulfilling the following conditions: the same group of drivers
was tested; the same testing scenario and parameters were applied, and finally the car
with the same dynamic properties was used. It can therefore be stated that obtained
differences in test results are solely the effect of testing environment influence.

High level of similarity accompanies the assessment of probability of turn taking
decision in both environments, whereas decisions that concern braking, either with a
service brake or an engine, are different in both environments.

The biggest similarity, represented by high values of correlation coefficients, are
reflected in driver reaction time both during braking as well as turning. The similarity
is also manifested in the fact that average driver reaction time determined for the
whole tested population of drivers, both on the track and in the simulator, show linear
dependence on the initial value of risk time.

It has been stated that driver reaction time during tests in the simulator are shorter
that during tests on the track. However, the difference of the average values of time
obtained in both environments is not fixed for a particular manoeuvre but decreases
linearly with the decrease of risk time that characterises a particular trial, that is with
the increase of the danger level of a situation. For the longest risk time, this difference
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exceeds 1 second during braking and reaches 0.4s while turning. For the shortest
values of risk time this difference approaches zero.

The biggest diversity relates to the way of manoeuvre realization, represented as time
courses of turning angle and braking deceleration. To illustrate this in a precise way
(quantitatively), the authors used a driver model for the analysis of pre-accident
situations.

The values of this model coefficients were identified and compared and on the basis of
track and simulator tests. Despite the division of a tested driver population into four
smaller groups, of similar reaction ways, it was impossible to obtain strong
correlations or similarities. Among five identified coefficients, only one (for 1 and 2
groups of drivers shown in the article) took adopted the value from the same value
range both for track and simulator tests.

It occurred, however, that it is feasible to observe the correlation among model
coefficients obtained in both testing environments, not in relation to average group
behaviours but in case of the analysis of individual drivers. It is true that the acquired
correlation coefficients are not so high as in case of reaction time but can be treated as
essential.

The above-mentioned similarities and differences of drivers' behaviours on the car
track and in the driving simulator can be partly connected with a pre-accident scenario
selected for the tests. One may suppose that for other scenarios, the situation may
vary. It is therefore appropriate to carry out analogous comparisons for other scenarios
of pre-accident situations (or generally speaking road situations). Only then it is
possible to provide a complete answer for the question: in which aspects, drivers'
behaviours in both environments are similar or identical, and in which they differ.
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