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YOUNG ADULT DRIVERS:
SIMULATED BEHAVIOUR IN A CAR-FOLLOWING SITUATION

ABSTRACT

This paper provides a description of driver testing in
a simulator. As young drivers are more susceptible to col-
lisions, this was done to determine how young drivers be-
haved in simulated road situations on a motorway. One of
the traffic safety concerns is the failure to keep a proper
distance from the vehicle in front, which may result in a rear-
end collision. The tests simulated car-following situations in
which the preceding vehicle performed emergency braking.
The experiments were conducted for two scenario variants
using different distances from the vehicle in front. The driv-
ers could perform the following emergency manoeuvres:
braking with steering away or only braking. The driver re-
sponse times were compared and analysed statistically. The
results were used to determine the emergency manoeuvres
performed by the drivers in the simulated road situations.
The study reveals that the vehicle surroundings may have a
considerable influence on the type of emergency manoeu-
vres and the driver response time.
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1. INTRODUCTION

The driver behaviour is dependent on a number of
factors, with some being more important than others.
In a car-following situation, for instance, when vehicles
need to maintain a suitable distance to ensure traffic
safety, these factors are responsible for the driver re-
sponse time or the choice and performance of emer-
gency manoeuvres.

For many years researchers have been trying to de-
termine how various factors affect the driver behaviour
in various traffic situations. Investigations have been
carried out in different roadway environments, i.e. on a
test track, in a simulator or using special test devices,

with test participants including healthy drivers as well
as drivers with permanent or temporary disabilities.

Tests conducted on drivers after accidents aim to
assess the progress of treatment and their physical
and mental fitness to drive a vehicle and properly re-
spond to different road situations (simulated real traf-
fic and environment). Many investigations have been
performed on drivers after complex orthopaedic sur-
geries, which adversely affected their physical fitness.
For instance, Spalding et al. focused on drivers after
a total knee replacement and their ability to perform
emergency braking [1].

Other researchers have tried to determine how
much time is required for patients after a total hip ar-
throplasty to be able to drive again [2]. Driver tests are
also carried out to assess the performance of drivers
with chronic diseases, e.g. Parkinson’s disease [3].
Much of the research into the effect of different fac-
tors on the driver behaviour concerned such factors as
fatigue due to prolonged driving on a motorway, sleep
deficit [4], sleepiness [5], alcohol impairment [5, 6]
and drug impairment [7].

A number of studies also deal with the relationship
between the driver response and the roadway environ-
ment [8, 9]. Recently, because of technological prog-
ress, research has been undertaken to determine the
effect of gadgets, including car multimedia systems
and cellular phones [10, 11, 12, 13]. Investigations
into the use of mobile phone during motorway driving
in a car-following situation have been carried out on
younger (aged 18-25) and older (aged 65-74) drivers
[14].

In the case of professional drivers, the aim of
testing may be to determine their performance when
affected, for instance, by sleepiness. The behaviour
of lorry drivers in unexpected critical situations has
also been investigated [15]. Simulator-based tests
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[16] have been used to study how warning messages
and variable speed limits (VSLs) influence the driving
speed.

Muttart [17] analyses the driver steering behaviour
with regard to the driver age, the driver fatigue, distrac-
tion, natural lighting and the buffer space available.
Driver performance has been studied for many years
and the tests have been conducted under real road
conditions, on test tracks [18, 19, 20, 21] as well as in
driving simulators [22, 23]. The investigations carried
out under different circumstances and in different test
environments have some advantages and disadvan-
tages. The main strength of simulator-based investiga-
tions is that participants are tested under the same
conditions.

Many studies on the subject focus on determining
the driver behaviour in a car-following situation and
modelling the movements of the vehicles involved. For
example, the driver performance model proposed in
[24] is based on the optical control of quantum flow.
This dynamic and stochastic approach to the driver be-
haviour during a car-following situation indicates that
the driver response time is largely dependent on their
subjective perception of speed. Kesting and Triber [25]
use the Intelligent Driver Model (IDM) to analyse the
effect of different parameters, including the driver re-
sponse time, on the stability of traffic flow.

The study presented in [26] involved applying a
driver model to predict dangerous car-following situa-
tions for different styles of driving.

Autonomous systems capable of fully or partially
controlling the vehicle, described, for instance, in [27]
have been analysed under various driving conditions
to assess their reliability and, if necessary, propose
further improvements.

The existing methods used to describe the driver
behaviour in emergency situations have been anal-
ysed to create a cognitive model able to predict the
driver response time so that future assistance systems
are better equipped to assess and adjust to changes
in the road situation [28].

Many studies involve using computer simulations
or simulator-based tests.

A vital argument for conducting investigations in
a virtual environment is to perform identical, pre-pro-
grammed situations and tests with the same parame-
ters [29]. Some virtually created road situations can
be impossible or dangerous to perform under real con-
ditions on test tracks as they may involve risk to the
participants and damage to the measurement devices
[23]. Another important argument for simulator testing
is also that we can check the driver performance un-
der specific driving conditions: strong fatigue, alcohol
impairment, etc.

Driving simulators can also be used to improve the
safety of pedestrians. For example, Petzold studied
pedestrian crossing situations, focusing on the safe

gap between passing cars based on the time to arrival
(TTA) judgements [30].

Driving simulators can be used to simulate different
road situations, for instance, a car-following situation
[31, 32]. Under real-world conditions, tests involving
vehicles following one another at high speeds on mo-
torways could be difficult and hazardous to perform.
Many publications recommend that in a car-following
situation an appropriate distance should be main-
tained to ensure an appropriate level of safety. Brak-
stone et al. [33] studied the distance between vehicles
moving on motorways using a specially equipped vehi-
cle. Different factors were taken into consideration to
analyse traffic safety in such situations [34]. Problems
related to car-following situations have been dealt with
by numerous researchers [35, 36].

This paper discusses the behaviour of young adult
drivers in a car-following situation on a two-lane motor-
way. The tests involved measuring and analysing the
times of response to rapid braking by the lead vehicle
in order to determine the safe distance between ve-
hicles in two different situations. The paper focuses
on emergency manoeuvres undertaken by drivers in
a car-following situation. Section 2 will discuss briefly
the methodology of the simulator-based tests, while
Section 3 will present and analyse the test results for
both scenarios of road situations.

2. METHODOLOGY

2.1 Characteristics of the driving simulator

The testing was conducted at the Automotive En-
gineering Laboratory using an Oktal® dynamic driving
simulator. The simulator consists of a fragment of a
car compartment and three 1920x1080 42 inch mon-
itors, placed on a mobile hybrid platform. The 6 DOF
platform enables the following motions of the com-
partment: an angular rotation of +10° about the X, Y
and Z axes with an angular acceleration of +150°/s2
and a linear displacement platform of 50 mm with
an acceleration of up to 3m/s2. In the simulator cab-
in, there is an adjustable driver seat equipped with an
inertia-reel seat belt.

Drivers sitting in the simulator have a real vehicle
dashboard in front of them and all the typical driving
elements used in vehicles. There is also a 10-inch LCD
digital instrument panel with configurable display ele-
ments specific for the make and model selected. While
driving on rough surface, the driver feels vibration on
the steering wheel. Similarly, while turning the steer-
ing wheel during an emergency steering manoeuvre,
the driver feels some resistance on the steering wheel.
The driver’'s compartment also comprises 5.1 speak-
ers that can reproduce sounds related to the vehicle
movement through traffic, i.e. noise of the engine,
noise produced by wheels in contact with the road
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surface, and any other noise from the surroundings.
The system uses two computers for visualising the
created traffic situation and controlling the platform
motion. The simulator comprises Scaner Studio® soft-
ware which allows drivers to create their own type of
vehicle (e.g. by modifying the parameters of the exist-
ing models), generate a new road profile and the road
environment and design a test scenario.

Road modification may involve changes to the road
surface properties, e.g. a change in the pavement
type, coefficient of grip and road roughness, which are
used by the model of the vehicle dynamics. The simu-
lator software contains an advanced simulation model
of a vehicle (Callas® model), which, depending on the
options used, can have from 15 to 43 DOF [8, 37].

2.2 Description of the test procedure

In the simulation-based tests performed in 2016,
sixty young adult drivers were included. They were
male students with little driving experience, aged
21-25, with the age average being 22.54 (standard
deviation 0.91 years). Young drivers were selected to
take part in the simulations because in Poland drivers
aged 20-24 are reported to be at the highest risk of
being killed in a car crash (per 1 million people) [38].
The subjects were driving in the right lane of the road,
as shown in Figure 1. The measurements began at a
speed of about 100 km/h and a pre-determined con-
stant distance of 10-50 m from the preceding vehicle.
The road situation can be simulated on a motorway,
a dual carriageway or other types of roads divided
into lanes. The road along which the subject vehicle
was moving was flat and had two traffic lanes and an
emergency lane. Each lane was about 4 m in width.
In version 1 of the scenario, there were no other vehi-
cles moving next to the subject vehicle. At a randomly
selected moment, the lead vehicle decelerated by 9
m/s2. This value of the maximum braking is a typical
physical limit on dry surface roads [34].

Figure 1 - View from the driver seat of an Oktal™ simulator
and a diagram of version 1 of the scenario

The drivers of the following vehicle, i.e. the drivers
tested, were free to choose between the emergency
manoeuvres: braking, steering around the lead vehi-
cle or combined braking and steering. The data regis-
tered during the tests were used to assess the driver

behaviour and the driver response time. The parame-

ters measured included:

- the steering angle characteristics (to determine the
steering response time),

- the displacements of the braking and accelerator
pedals (to determine the braking pedal response
time and the accelerator pedal response time, re-
spectively),

- the speed and driving paths of the vehicles,

- the vehicle deceleration.

In version 2 of the scenario, two other vehicles, i.e.
abus andalorry presentin the left lane, were added to
the simulated road situation (see Figure 2). As the sub-
ject vehicle was moving at a speed of about 100 km/h,
the driver could perform only one emergency manoeu-
vre - rapid braking. The aim of the simulator-based in-
vestigations was to determine the behaviour of drivers
faced with sudden braking by the preceding vehicle.
The main parameter determined during the tests was
the driver response time.

Figure 2 - View from the driver seat of an Oktal™ simulator
and a diagram of version 2 of the scenario

Before the tests, the participants were trained to
use the driving simulator and drove a similar route sev-
eral times. Each subject took ten tests but the version
of the scenario and the test parameters were select-
ed at random to ensure as much realism as possible.
The total experiment time was about 45 minutes per
person. Our future projects will involve testing older
drivers with more driving experience to compare their
behaviour depending on the experience. We also in-
tend to perform tests based on identical scenarios but
under night driving conditions when the low-beam vis-
ibility of the vehicle in front is limited.

The main purpose of the study was to analyse how a
road situation could affect the driver response time. It
was important to question whether the driver response
times obtained in the simulations of the car-following
situations would differ for different distances between
vehicles. Another objective was to determine whether
a change in the stimulus that the drivers were exposed
to (from a warning message displayed on the screen to
an emergency situation with a preceding vehicle brak-
ing suddenly viewed on the screen) would affect the
response times.

The scenario considered in the earlier research
project [8] was simpler; the average braking response
time was about 0.9. However, there was a large scatter
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of results; they ranged from 0.3 s to 1.8 s, depending
on the driving conditions. As described in other publi-
cations, the driver response time used in various anal-
yses (especially those required for the reconstruction
of accidents) should be assumed on the basis of inves-
tigations conducted under very similar conditions and
in similar scenarios. The assumed value of the braking
response time was either shorter or longer than the
one obtained on the test track or in the simulator [23].
Of importance is the fact that the values of the driv-
er response time for identical situations determined
during tests on the track and tests in the simulator are
different but correlated [20]. The diagram of a hypo-
thetical road situation is presented in Figure 3.

Vehicle 2

Vehicle 1

Figure 3 — Diagram of a car-following situation

Two vehicles, i.e. vehicle 1 and vehicle 2, move at
identical speeds of about 100 km/h at a certain dis-
tance from each other, e.g. 30 m. Suddenly, the driver
of vehicle 2 - the preceding vehicle - starts to brake.
From the moment that the brake lights come on the
preceding vehicle (vehicle 2) to the moment when
braking is initiated with a predetermined decelera-
tion, a certain time passes (here, we assume it to be
about 0.5 s). The time is a sum of the brake system
activation delay time and the pressure build-up time.
The driver of vehicle 1 begins to respond after the as-
sumed response time [37]. Vehicle 1 approaches the
preceding vehicle 2.

The distance between the subject vehicle and the
lead vehicle is maintained constant by properly setting
the simulator.

If, however, the deceleration of vehicle 1 is smaller
than the deceleration of vehicle 2, there is a danger-
ous decrease in the distance between the vehicles.
This situation may occur when the vehicles taking part
in the event are not equipped with modern safety sys-
tems, e.g. brake assist system (BAS). It is crucial to find
out what would happen if the driver response time was
different - shorter or longer - than the predetermined,
e.g. 0.9 s, and how a change in the driver response
time would affect the minimum relatively safe dis-
tance between the vehicles in a car-following situation.

Numerous investigations concerning the driver re-
sponse time show that there are other factors affect-
ing the driver performance, e.g. fatigue and sleepi-
ness, which may increase the response time [4].

3. RESULTS

The tests involved registering the following data:

- the accelerator pedal response time, i.e. the time
measured from the moment the brake lights come
on the preceding vehicle to the moment when the
driver of the subject vehicle responds by easing the
pressure on the accelerator pedal;

- the braking response time, i.e. the time from the
moment the brake lights come on the preceding
vehicle to the moment when the driver of the sub-
ject vehicle begins to press the braking pedal;

- the steering response time, i.e. the time from the
moment the brake lights come on the preceding
vehicle to the moment when the driver of the sub-
ject vehicle begins to turn the steering wheel (anal-
ysed only for version 1 of the scenario).

The emergency manoeuvres were determined for
each driving test. If a collision occurred, the fact was

registered [37].

3.1 Version 1 of the scenario

In version 1 of the scenario, there were no limita-
tions to the driver performance, because there were
no other vehicles in the left adjacent lane. While
analysing the data, we can see that there is a large
discrepancy in the measured values of the response
time. Although the data concerning the accelerator
pedal response time are not taken into consideration,
e.g. by experts in forensic investigations to reconstruct
an accident, it is important to note that the accelerator
pedal response is likely to initiate the braking pedal
response.

As shown in Figure 4, the values of the accelerator
pedal response time ta increase with increasing dis-

3.5 | i
—&— mean |
3t X median
--@-- 0.10 quantile
254 — 0.90 quantile
—.A .- 0.25 quantile
2. 0.75 quantile

P

[N

=0.006"S+0.42

It
o

Accelerator pedal response time t, [s]
[N
ol

o

10 20 30 40 50 60

Distance to the lead vehicle S [m]

o

Figure 4 - Values of the accelerator pedal response time t,
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tance S from the preceding vehicle. Figure 4 shows the
regression lines for the median and the 0.1 and 0.9
quantiles of the accelerator pedal response time ac-
cording to the distance to the lead vehicle.

If a constant value of the initial speed is assumed,
the response time increases with the time to collision
(TTC), which is a parameter used in numerous anal-
yses [19, 20]. The difference in the median value is
almost 0.5 s for the response time determined at dis-
tances of 10 m and 50 m. It should be borne in mind,
however, that a vehicle moving at a speed of 100
km/h covers a distance of 27.8 m in 1 second so, in
many cases, responses are initiated either at the mo-
ment the vehicle collides into or begins to steer away
from the preceding vehicle. Analysing the response
times from the range between 0.1 and 0.9 quantiles
constituting 80% of all the response times obtained
by the drivers, we can conclude that the differences in

35 o Mean
34 %  median
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- 0.90 quantile
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5 —%T0.75 quantile
| O T
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Distance to the lead vehicle S [m]

Figure 5 - Values of the braking pedal response time tg

the driver response time increase with the increasing
distance between the vehicles.

The values of the braking response time were as-
sessed in the same manner. The statistical parameters
of the braking response time are provided in Table 1.

The analysis of Figure 5 indicates that there is a
relationship between the braking response time and
the initial test distance between the vehicles in an
emergency situation. For the initial car-following dis-
tances, the braking response time increases but less
rapidly than the accelerator pedal response time.
For distances of 20-40 m, the median value of the
braking response time is in the range of 1.1-1.15 s.
From the results it is evident that an increase in the
distance between the vehicles leads to an increase in
the difference in response time, which is particularly
visible for the 0.1 and 0.9 quantiles. Figure 5 shows
the regression lines for the median and the 0.1 and
0.9 quantiles of the braking response time according
to the distance from the lead vehicle.

The driver response times obtained for this sce-
nario were compared with the braking response times
from the author’s earlier tests conducted with a driving
simulator [8].

The analysis reveals that the braking response
time is similar to that from the previous test only when
the distance between the vehicles is very short, e.g. 10
m. For other distances, the driver response times for
braking are 0.2-0.5 s longer. Previous investigations
by the author show that the test participants ‘driving
on a motorway’ did not respond to a real road situa-
tion, but to the braking instruction ‘brake’ displayed
on the screen. The response was similar in nature to
a simple response because the driver responded to a
simple light incentive. It is important to note that the

Table 1 - Statistical parameters of the braking response time tg

Distance between

Braking response time tg [s]

vehicles 0.1 Quantile 0.25 Quantile Median 0.75 Quantile 0.9 Quantile
10m 0.65 0.71 0.85 0.93 1.15
20 m 0.76 0.85 1.15 1.30 1.47
30m 0.85 0.91 1.10 1.30 1.62
40 m 0.80 0.85 1.10 1.50 1.76
50 m 1.00 1.22 1.45 1.90 2.10
Table 2 - Statistical parameters of the steering response time, tg
Distance between Braking response time tg, [s]
vehicles 0.1 Quantile 0.25 Quantile Median 0.75 Quantile 0.9 Quantile
10m 0.55 0.63 0.70 0.85 0.90
20 m 0.62 0.78 1.03 1.20 1.60
30m 0.85 0.91 1.20 1.43 1.80
40 m 0.85 1.00 1.40 2.10 2.45
50m 1.23 1.83 2.52 3.00 3.40
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driver could perform only one predetermined emer-
gency manoeuvre - braking. The fact that the response
times in comparable situations were different indi-
cates that the type of the analysed situation has a sig-
nificant effect on the findings concerning the response
time. Table 2 presents the statistical data of the steer-
ing response time.
Figure 6 shows steering response times ts.

of the quantiles suggest that the response times are
more comparable.

The values of the braking response time were as-
sessed in the same manner. The statistical parameters
of the braking response time are provided in Table 3.
The driver response times obtained for this scenario
were shorter than the braking response times from
version 1 of the scenario.
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Figure 6 - Values of the steering response time tg

As can be seen, they vary more than the acceler-
ator pedal response times and the braking response
times. It is worth mentioning that in this case, the larg-
est scatter of results is observed for a distance of 50
m, where the values of 0.9 and 0.1 quantiles differ by
upto2.1s.

3.2 Version 2 of the scenario

Version 2 of the scenario differed from version 1 in
that during the rapid braking of the lead vehicle there
were other vehicles present in the left adjacent lane.
As a result, it was very difficult to steer around the lead
vehicle. The steering manoeuvre usually ended with a
collision. Figure 7 shows values of the accelerator ped-
al response time.

As can be seen, the times obtained in this version
of the scenario are much shorter. The values of the re-
sponse time increase with the distance from the lead
vehicle, but it is important to note that the increase is
not so large as in version 1 of the scenario. The values

Distance to the lead vehicle S [m]

Figure 7 - Values of the accelerator pedal response time t,
in version 2 of the scenario

When the distance between the vehicles was small,
the values of the median were comparable. For longer
distances, e.g. 50 m, they differed by about 0.3 s. An
increase in the distance between the vehicles caus-
es an increase in the median value of the response
time and a greater scatter of results, though it is not as
large as that in version 1 of the scenario.

Comparing the values of the braking response time
registered by the simulator with those obtained on a
test track, when braking was also the only possible
emergency manoeuvre, we can see that there are sig-
nificant differences in the results. The response time
recorded for a situation when there was a lorry enter-
ing a conflicting path and it was impossible to steer
away from it ranged from 0.3 t0 0.8 s.

The literature on the subject, e.g. [18, 19], shows
that even a small modification of a scenario may result
in considerably different values of the driver response
time. Green [39] suggests that the way the tests
are conducted largely affects the response time. He

Table 3 - Statistical parameters of the braking response time tg in version 2 of the scenario

Distance between Braking response time t; [s]
vehicles 0.1 Quantile 0.25 Quantile Median 0.75 Quantile 0.9 Quantile
10m 0.65 0.75 0.81 0.92 1.125
20 m 0.71 0.79 0.85 1.03 1.225
30m 0.75 0.8175 0.975 1.225 1.345
40 m 0.71 0.83 1.22 141 1.65
50 m 0.78 0.92 1.15 1.25 1.70
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indicates, for instance, that the driver's awareness of
the possible risk of an emergency may have a substan-
tial influence on their behaviour, and accordingly, their
response time.

Figure 8 shows the values of the braking response
time. The median values of the braking response time
in version 2 of the scenario ranged 0.8 -1.2 s; they
were about 0.05-0.30 s shorter than those recorded
in version 1 of the scenario (when the driver could per-
form both braking and steering away).

35
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3+— x median
° 0.10 quantile
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Figure 8 - Values of the braking pedal response time tgin
version 2 of the scenario

The driver response in version 2 of the scenario
was, in most cases, limited to the braking manoeuvre,
because the vehicles in the left lane made the steer-
ing away manoeuvre difficult to perform. As braking
was the major emergency manoeuvre, the braking re-
sponse time was shorter.

Table 4 presents statistical parameters of the steer-
ing response time. The median values of the steering
response time for different distances between the ve-
hicles increase with increasing distance from the lead
vehicle.

Figure 9 presents values of the steering response
time for the median, the mean and the 0.1 - 0.9 and
0.25 - 0.75 quantile ranges.

The steering response differs from other respons-
es in this version of the scenario; the differences in
the steering response time are the greatest. It should
be noted that the scatter of results increases with

increasing distance from the lead vehicle. The greatest
scatter of results was reported for the distance of 50
m and it was approximately 2.2 s.
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Figure 9 - Values of the steering response time tg in
version 2 of the scenario

4. DISCUSSION

The aim of the study was to determine the way
young drivers responded to rapid braking of the vehi-
cle in front when on a motorway. Young drivers with
little driving experience do not know or do not strict-
ly follow the motorway driving rules. Driving at high
speeds on motorways differs considerably from driving
on ‘regular’ roads. Many countries have a special rule
concerning the safe distance between two vehicles.
For example, in France the minimum distance from the
vehicle in front corresponds to the distance covered
in 2 s. In Germany, drivers are required to leave a gap
(in meters) of 50% of the actual speed (in km/h). In
Slovakia, a proper following distance (given in metres)
is dependent on the limit speed. Failure to follow the
rules pertaining to keeping a safe distance between
vehicles may result in high fines.

In Poland there are no precise rules. The decision
on the safe distance is taken by the driver subjectively.
In periods of higher traffic flow, especially during hol-
idays, the distance between vehicles may decrease
and may result in a rear-end collision. Despite the
fact that simulator-based tests are not able to fully

Table 4 - Statistical parameters of the steering response time, tg

Distance between Braking response time tp [s]
vehicles 0.1 Quantile 0.25 Quantile Median 0.75 Quantile 0.9 Quantile
10m 0.53 0.58 0.68 0.90 1.05
20 m 0.65 0.76 0.85 1.04 1.30
30m 0.70 0.94 1.12 1.30 1.80
40 m 1.15 1.40 1.90 2.00 2.72
50 m 1.27 1.46 1.80 2.25 3.00
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Figure 10 - Percentages of the emergency manoeuvres performed in both versions of the scenario

reproduce motorway driving, they provide information
on some characteristic responses.

The decision which emergency manoeuvre should
be undertaken depends e.g. on the driver response
time. As shown above, the presence of other road
users around the subject vehicle makes some emer-
gency manoeuvres impossible or difficult to perform; it
definitely shortens the driver response time.

The tests involved registering responses of differ-
ent drivers in two specific road situations (two versions
of the scenario). The data was analysed to determine
whether in a particular road situation the drivers re-
sponded by braking, by steering away or by combining
the two manoeuvres - see Figure 10. In version 1 of
the scenario, the percentage of the braking manoeu-
vre (with no steering away) is relatively small. For a
distance of 10 m between the vehicles, about 35% of
the drivers used braking only while responding to ver-
sion 1 of the scenario. In version 2 of the scenario, the
number was higher, i.e. nearly 65%. This may suggest
that the road situation in version 2 of the scenario had
a stronger impact on the drivers.

Approximately 60-80% of the drivers chose to com-
bine the emergency manoeuvres; they used braking
and steering away simultaneously. When the distance
from the lead vehicle increased (version 1 of the sce-
nario), the percentage of the drivers who responded in
this way first rose from 60% to nearly 80%, but then,
when the distance was larger than 30 m, it declined to
40%. For distances ranging 20-50 m, the percentage
of the drivers choosing combined manoeuvres levelled
off at 55-60%. Analysing the diagram in Figure 10, we
can wonder why, despite the difficulty to perform the
steering away manoeuvre in version 2 of the scenar-
io, the percentage of this manoeuvre is slightly higher.
The responses may seem surprising. In this version of
the scenario, some drivers decided to use the emer-
gency lane and steer around the lead vehicle on the
right. Despite the fact that such a manoeuvre is pro-
hibited, in many situations it was the only solution to
avoid an accident. The percentage of the manoeuvre
of steering around the preceding vehicle on the right

was quite high and it ranged 14-47% depending on
the distance to the preceding vehicle.

When the distance between the vehicles was 10 m,
almost 100% of collisions were reported in both ver-
sions of the scenario. It is interesting to note that for
a distance of 20-50 m, fewer collisions were observed
in version 2 of the scenario. We might ask why. How
can we explain that the number of collisions in a more
difficult road situation was lower? A thesis can be for-
mulated that the presence of other vehicles made the
drivers become more concentrated, respond faster
and perform more effective emergency manoeuvres.
When the distance between the vehicles was about 20
m, 15-23% collisions occurred. For larger distances,
the number of collisions was approximately 10%. At
large distances (50 m), young drivers (with no partic-
ular experience) responded too late, which made the
number of collisions higher.

5. CONCLUSION

The values of the braking response time are of
great significance when emergency situations are ana-
lysed. It is these values that can be used in simulation
programmes aiming to reconstruct a road accident.
The values of the response time used in simulation
programmes generally come from manuals, where av-
erage values are provided. Because of large discrep-
ancies in the response time, the distance that guar-
antees safety can be assessed differently. Obviously,
in real road conditions, the response time is likely to
be longer, as shown in some studies [23, 39]. The fact
that drivers perceive the safe following distance sub-
jectively may in practice lead to a serious traffic haz-
ard.

Interesting conclusions can be drawn from the re-
sults obtained for version 2 of the scenario, when it
was almost impossible to steer around the vehicle in
front. When the adjacent lanes are occupied, driving
concentration levels are higher and response times
are shorter. High concentration will result in a slightly
shorter response time. When faced with an emergen-
cy, most drivers will apply the brake only. They must,
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however, be aware of the dynamically changing situ-
ation on the road. As mentioned above, in version 1
of the scenario, the drivers were free to decide on the
emergency manoeuvre. Apart from braking, they could
also steer around the vehicle in front. These manoeu-
vres are frequently combined in emergency situations.
Since today’s vehicles are equipped with modern
electronic systems such as ABS and ESP, it is possi-
ble to combine rapid braking and steering away with
no threat that the vehicle’s stability will be lost (both
systems being active during the tests in the simula-
tor). Comparing the steering response times with the
braking response times, we can see that the combined
responses are initiated almost simultaneously. Differ-
ent studies show that the safe distance is a relative
term and it changes dynamically depending on circum-
stances. In version 1 of the scenario, when there are
no other vehicles around, a distance of an order of 30
m seems fairly safe (with the number of collisions be-
ing nearly 10%). It is interesting to note that the risk of
collision occurrence is slightly smaller when the sub-
ject vehicle is ‘accompanied’ by other vehicles - ver-
sion 2 of the scenario.

Our future investigations will focus on comparing
the behaviour of older drivers according to their driving
experience. Another problem to be analysed is night
driving with limited low-beam visibility of the vehicle
in front, which will be tested using identical scenarios.
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ZACHOWANIE MEODYCH KIEROWCOW W NIEBEZ-
PIECZNEJ SYTUACJI DROGOWEJ PODCZAS JAZDY W
KOLUMNIE

STRESZCZENIE

Niniejsza publikacja zawiera opis badan realizowanych
w symulatorze prowadzonych z udziatem mftodych kierow-
cow, ktorzy sg grupa podwyzszonego ryzyka wypadkowego.
Celem prowadzonych badan byto okresSlenie sposobu ich
reagowania w symulowanych sytuacjach na autostradzie.
Jednym z problemow bezpieczenstwa ruchu na takiej drodze
jest niezachowanie odpowiedniej odlegtosci od pojazdu
poprzedzajgcego, co moze doprowadzi¢ do najechania.
Symulowane sytuacje dotyczyty sytuacji podejmowanego

przez pojazd poprzedzajgcy gwaftownego hamowania. Ek-
sperymenty przeprowadzono na prawym pasie autostrady w
réznych odlegtosciach od pojazdu poprzedzajgcego (10-50
metréw). Wykorzystano dwie wersje scenariusza. W pier-
wszej wersji nie wystepowaty obok pojazdu badawczego inne
pojazdy, natomiast w drugiej wersji scenariusza zaréwno za
pojazdem, jak i na lewym pasie ruchu byty one obecne. W
symulowanej sytuacji, kierowcy mogli dowolnie realizowaé
nastepujgce manewry obronne: hamowanie ze sterowaniem
lub tylko hamowanie. Czasy reakcji kierowcy zarejestrow-
anych w dwdch wersjach scenariusza analizowano staty-
stycznie. Dane testowe zostaty wykorzystane do okreslenia,
jakie awaryjne manewry byty wykonywane przez kierowcow
w symulowanych sytuacjach drogowych. Badania pokazujg,
Ze otoczenie pojazdu moze mieé¢ znaczny wpltyw na rodzaj
manewrow awaryjnych oraz czas reakcji kierowcy.

StOWA KLUCZOWE

symulator; mtodzi kierowcy; czas reakcji; autostrada o 2 pa-
sach ruchu; jazda w kolumnie;
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