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ABSTRACT

The manner in which drivers direct their gaze plays a pivotal role in the operation of a
vehicle. As information acquisition and processing while driving form the basis for action
decisions, their implementation and control in road traffic, the driver's gaze behavior largely
determines his driving behavior and is therefore of central importance for traffic safety. With
the help of modern measurement technology, eye movements can be precisely registered and
gaze behavior can be recorded in real time while driving. The analysis of gaze behavior thus
represents a new method for considering the perceptual-psychological factor in the interaction
between driver, vehicle, and road. The gaze behavior of drivers is largely determined by the
layout geometry of the road. It has been found that gaze patterns are significantly different
when a vehicle is steered along straight sections and within horizontal curves. On highways,
the fixation position and the standard lateral deviation from the main gaze axis exhibit notable
differences between straight sections and curves, as well as between left and right curves. The
number of fixations in the area surrounding the road center, also referred to as the primary
attention area or the vanishing point, is markedly higher on curves than on straight sections.
This indicates an increased level of attention and concentration, as well as elevated stress levels
for drivers. Additionally, there is a notable concentration of gaze on the vanishing point of the
road on right curves compared to left curves.
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1. Introduction

It is estimated that over 90 % of the information received when driving is via the visual
channel. The eye is the only long-range sensory organ that can be specifically directed by eye
movements and allows the detection of objects that are spatially ahead [1]. The gaze behaviour
of drivers is a highly selective, dynamic process that ensures precise perception of moving or
stationary objects, speeds and spatial dimensions. The analysis of gaze behaviour allows the
temporal and spatial course of detailed information inflow, together with shifts of attention, to
be explored.

The specific locations and times at which the driver directs their gaze can be identified
through the use of gaze behavior analysis. By focusing on areas of the highway that are rich in
information, typical gaze behavior patterns can be identified. A variety of temporal and spatial
gaze behaviour measures are available for the examination and interpretation of the temporal
behaviour of visual attention distribution, the spatial concentration of gaze and the intensity of
information intake. In the present work, those measures are selected from the wide range of
these measures that are the most meaningful with respect to the desired interdependencies.

The gaze behavior of drivers is largely determined by the layout geometry of the road.
Previous research has demonstrated that the conditions under which a driver steers a vehicle
along a straight route and within curves are not equivalent in terms of the physiological strain
on the driver and the concentration of attention. The stress experienced in curves is higher than
on straights, which leads to an increased level of attention. The gaze behavior observed in left
and right curves is characterised by specific gaze patterns that differ significantly from one
another.

2. Background

2.1. Drivers’ visual perception

The process of optical information acquisition is described by the terms "seeing,"
"perceiving," and "recognizing." The term "seeing" is used to describe the act of looking at
something without conscious awareness, such as gazing into space. In contrast, the term
"perceiving" denotes the act of directing one's attention towards the surrounding environment
or specific objects within it. Ultimately, recognition represents the process of observing and
identifying a perceived visual object. In the process of information absorption, the visual
sensory channel is the dominant conduit. The contribution of the eyes to the intake of
information is estimated to exceed 90 % by [2] and [3], and may even reach 99 % by [4]. The
eye is the only sensory organ that can be specifically aligned via eye movements and enables
the detection of objects lying spatially ahead. This is the reason why [5] coined the slogan
"driving is seeing". The remaining information intake of 1 to 10 % occurs through the other
three sensory perceptions and only serves a controlling function. In particular, the sense of
acceleration and speed are supported via the haptic and acoustic sensory channels.

2.2. Physiological characteristics of the human eye

The visual system is the most active of the sensory modalities, with activity expressed
through eye movements. The physical stimulus is recorded by the receptor cells of the retina.
The fovea centralis is the region of the retina that permits the sharpest vision. Only within this
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range is the resolution sufficient to enable the clear perception of imaged objects at a visual
angle of up to 2° around the fixed viewing location. This indicates that when attempting to
record and process complex visual stimuli, it is not feasible to capture them in their entirety
with a single observation. The entire field of view of the eye can be described as a cone with an
approximate angle of 100° [6]. The eye's ability to move enables the sharp vision within the
cone-shaped area of the visual field. A distinction is made between foveal vision and
parafoveal vision, which allows for relatively good resolution (approximately 30 % of foveal
vision) and has an extent of 2° to 10°. A deviation of merely 3° from the fixation location
results in a reduction of visual acuity by half [7]. The remainder of the visual field is referred to
as the peripheral vision. The resolution there is notably poor. The area of peripheral vision
extends beyond the 10° cone opening angle, and the perception there is monochromatic and
blurred. Peripheral vision is primarily responsible for the perception of movements and
changes in brightness, as well as static and dynamic orientation in space. It is of great
importance in estimating the size and direction of movement of distant objects. When driving a
car, foveal vision plays the most important role, as it guarantees quick and precise information
acquisition, which is essential for driving vehicles, especially at high speeds. However, it
should not be overlooked that foveal vision can only be closely linked to peripheral vision.

2.3. Gaze Behavior Parameters

Gaze behavior can be simplistically understood as a chain-like sequence of saccadic eye
movements and fixations. The alternation of saccades and fixations reflects the course of
information intake from the environment and defines gaze behavior.

2.3.1. Saccades

Saccadic eye movements are very fast, abrupt rotational movements of the eyeball,
facilitating the rapid transfer of blurred objects from the periphery to fixation on the fovea. At
the beginning of this rotation, the movement is characterized by a very high acceleration. The
saccades reach a speed of up to 1000°/s [8, 9, 10], have durations between 10 and 80 ms,
amplitudes between 2° and 50°. This makes eye movements the fastest movements that take
place within the human body. Each saccade guides the eyes to a new fixation. Since the shift of
the entire image that takes place on the retina is not perceived, almost no information is
absorbed during a saccade [11, 12].

2.3.2. Fixations

Fixations are the movements of the eyes that allow information to be taken in. To take
in information, the target object is fixed between saccades. During a fixation, the eyes are at a
relative standstill with respect to the viewed location. The fixated object is imaged in the foveal
area of the retina for a certain amount of time. The duration of fixations varies between 100
and 2000 ms and their concentration is between 200 and 600 ms [13, 14]. The minimum
fixation duration of 100 ms seems plausible because of saccadic suppression, since no
information can be perceived with even shorter fixation durations.

Fixation durations are often interpreted as a measure of load. However, the
interpretation as a measure of load depends on the type of task. When a task requires
predominantly centrally controlled processing, an increase in fixation duration is an indicator
of greater stress. On the other hand, in tasks that require quick reactions (such as driving a car),
shorter fixation durations can be observed with greater stress [15, 16].
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When analyzing fixation durations in traffic, [17] found that fixations lasted between
300 and 400 ms. Fixation durations are shorter when the traffic situation is more "complex".

2.4. Fixation distribution and fixation duration on straights and horizontal
curves

There are numerous studies in the literature on the gaze behavior of drivers on the road.
Gaze behavior is different on country roads or in urban traffic than it is on highways. In terms
of stress, the conditions for steering a vehicle are not the same on straight roads and in
horizontal curves (called just curves). The driver tries to compensate for the increased stress in
curves compared to straight roads by increasing his attention [18].

A concise source of information about the direction of the road is available for
monitoring the traffic area when driving freely on straight stretches of highways. This is the so-
called vanishing point of the road (\VP), i.e. the most distant point on the road, which ideally
lies on the horizon. On straight stretches, the vanishing point remains in the same position and
thus serves as a constant reference point that determines the direction of travel (Fig. 1a). For
lane keeping, there is a relatively large tolerance for driving errors because lateral acceleration
is low and the driver must maintain a chosen lane.
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Figure 1. Vanishing point with main gaze axes X and Y on straight sections (a), VP on left curves
(b) and right curves (c)

In curves, the position of the vanishing point is constantly changing (Fig. 1b, Fig. 1c).
The driver must constantly search for newer sources of information to adjust the direction of
travel to the curvature of the road. Within a curve, where there is no constant source of
information about the direction of the road ahead, the driver must be able to acquire and
process relevant information from many locations over time. Unlike on a straight road, the

156



lateral acceleration in a curve is high and the tolerance for error is much lower than on a
straight road. According to [19], in curves, which are themselves critical points in the road
network, the demands of the driving task are much higher than on straight roads due to reduced
visibility and higher loads. Peripheral vision is no longer sufficient to take in traffic
information, and the driver must use his central vision to take in information as accurately and
quickly as possible.

When driving on highways, there is a close interaction between peripheral and central
vision. As the environment becomes more complex, the driver must use his central vision more
frequently to take in traffic-related information. An accumulation of fixations on relevant
elements of the road is an indication of the driver's effort. On such routes, most of the relevant
information is extracted from a few road elements. These are mainly road markings and the
vanishing point. On straight roads, the driver focuses far ahead, near the visual vanishing point
of the road. From this point, the driver receives information about the direction of the road. The
vanishing point is therefore particularly important for long-distance orientation and lane
keeping, which is also controlled by peripheral vision.

[19] confirms that fixation points are concentrated at different distances along the right
side of the road in right curves. The lateral range of variation is between the center lane and the
right edge of the road. Information is primarily recorded from the right side of the road. In left
curves, however, the fixation points are distributed over the entire width of the road at different
distances. The spread of fixation points was greater for left-hand bends than for right-hand
bends. In both curve directions, there was a smaller spread of fixation points around the
vanishing point of the road compared to straight sections of the same route. [20] also finds
clear differences in gaze behavior between right and left curves, with the road boundary on the
inside of the curve being predominantly fixated in right curves as opposed to left curves.
According to [21 — 23], the optical density between the tangent point (TP) and the vanishing
point (VP) of the road plays an important role in the estimation of curve curvature and lane
keeping (Fig. 2).
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Figure 2. Bird's eye view and driver's view of approach and curve area [17]

It was found that for both straights and curves, approximately 85 % of all fixations were
in an angular range of + 4° in the horizontal direction and + 2° in the vertical direction around
the vanishing point (Fig. 3). Therefore, the vanishing point is defined as a window 8° wide and
4° high.
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Figure 3. Horizontal angular distance of the fixations with respect to
the vanishing point according to [24]

2.5. Temporal and spatial measures of gaze behavior

The following measures were identified from the existing literature and were utilized in
this study.

2.5.1. Measures of visual processing

o Number of fixations (NFix)

The number of fixations is similar to the number of components the driver has to
process, but not to the depth of processing. When searching for a single object, a large number
of fixations indicates that many other objects are fixated until the gaze reaches the searched
object. [25] find that the percentage of mean fixation durations greater than 2,0 s is
significantly lower in curves than on straight sections.

e Average fixation duration (FixDurm) — a measure of the depth of visual
processing

Longer fixations indicate a longer interpretation time. Thus, fixation duration is a
measure of the depth of visual processing. [25] find that average fixation duration increases as
a function of the difficulty of the secondary visual task. Significantly shorter mean fixation
durations were calculated for curves than for straight lines. [26] found that drivers fixated
longer on straights than on curves (0,60 s vs. 0,41 s). In difficult situations and in curves,
shorter average fixation durations are expected.

o Percent of fixation time in the main area of attention (Percent Road Center)

PRC is the percentage of all fixations that are directed to an area around the center of
the road, also called the primary area of attention. Thus, PRC is a measure of forward
orientation that is dependent on gaze direction. The method developed by [26] was used to
determine the percentage of fixations in the main area of attention (PRC). The authors defined
a 20° wide and 15° high window near the vanishing point, which was modified and reduced to
15°x10° in this study (Fig. 4). During analysis, each fixation was checked to see if it was
within this window. It is expected that the gaze will be more focused on the vanishing point of
the road in curves than in straights. It is also assumed that the PRC value increases with
decreasing visibility.
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Figure 4. Percent Road Center (a) and fixation point with its duration (red circle) on highways (b)

2.5.2. Measures of visual search

e Standard deviation of gaze angle (SD)

The standard deviation of the gaze angle is the square root of the sum of the squared
horizontal and vertical gaze angles. [26] find that there is a noticeable tendency to focus more
on curves than on straights, and on country roads than on highways. As strain increases, the
dispersion of gaze decreases. A smaller standard deviation of the gaze angle is expected as the
driver's load increases on straights and on right and left curves.

e Mean fixation location of all fixations in the Field of View (FixLocm)

The mean fixation position of all fixations in the Field of View is directly related to the
geometry of the highway layout and shows the position of the mean main fixation point in
relation to the main gaze axis.

For the analysis of the fixation distribution the mean fixation position (FixPosm) and the
number of fixations on the vertical main gaze axis NFix(X)m were also used for both sides of
the vertical main gaze axis as well.

3. Research methodology

3.1. Measurement system design and functionality

The gaze behavior measurements in real driving were performed by test persons driving
a test vehicle. The test vehicle was a BMW 525d Touring, which was available at the Chair of
Road Design at the TU Dresden. The vehicle was equipped with a modern and highly accurate
"Smart Eye Pro 2.5" system. The system works contactless (remote tracking) and records eye
movements based on the principle of corneal reflection. Two so-called eye cameras with active
infrared spots are mounted on the windshield of the vehicle and record the pupil movements.
The infrared spots of the two cameras (Fig. 5) ensure that interference from changing lighting
conditions is avoided. An additional scene camera captures the field of view from the driver's
perspective. A central computer in the trunk processes the eye-tracking data and the GPS
positioning data from the APPLANIX system.
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Figure 5. Eye-tracking system in the measurement vehicle (a) and central computer in the trunk (b)

3.2. Selection of test routes and test subjects

The A72 federal highway between Hof and Chemnitz, one of Germany's oldest
highways with inhomogeneous route characteristics, was chosen to investigate driver gaze
behavior and accident occurrence. In the 1930s, the A72 was originally planned as a "corner
connection” of the basic network routes Berlin-Nuremberg and Frankfurt-Dresden. Today, the
AT72 is a major link between the A4 (Bad Hersfeld — Erfurt — Chemnitz — Dresden — Poland)
and the A9 (Munich — Nuremberg — Leipzig — Berlin). The A72 was rebuilt between 1990 and
1995, with the axis and gradient closely following the original design from the 1930s. The aim
of the design was to retain the existing alignment as much as possible and to complete the
widening within the existing property boundaries. Improvements to the layout and elevation
plan were limited. The seven sections had a total length of 56,0 km in each direction. Curves
and straights accounted for 49,5 % and 50,5 % of the total length, respectively. Of these,
24,3 % were left curves and 25,2 % were curves.

[27] writes that the homogenized group of test persons (subjects) for such studies should
be kept as small as possible for economic reasons and recommends a sample size of 10 test
persons. It is particularly important that the test persons have the same knowledge of the road
and the same level of familiarity with the test vehicle. Therefore, 10 test persons between the
ages of 26 and 39 were selected. All were employed at the TU Dresden. Each had to have at
least 60000 km of driving experience. All subjects should have had their driver's license for at
least six years and own their own car.

4. Presentation and interpretation of results

As evidenced by the literature analysis, the gaze patterns observed on straight sections,
left and right curves are markedly different. Since the gaze behavior on straight sections is
characterized by an accumulation of fixations on road elements that are not necessarily relevant
to traffic, [19] found that the gaze of drivers on straight highway sections is almost evenly
distributed over the entire width of the road and is directed towards the sky. This finding was
confirmed in the present study. As shown in Figure 6, the number of fixations on straight
sections to the left and right of the main gaze axis Y is almost equal. A total of 46,7 % of all
fixations were recorded to the left of the visual axis, while 52,3 % were registered to the right.
A substantial number of fixations were positioned above the horizon and directed towards
traffic-irrelevant objects. Only 1,0 % of the fixations were precisely aligned with the main gaze
direction, occurring above and below the horizontal axis. No significant differences were
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observed in the mean fixation durations on either side. When all fixations within the field of
view (FOV) are considered, the mean fixation location (FixLocr) is approximately 1,3° to the
right of the visual vanishing point of the road, from which they receive information about the
direction of the road. The vanishing point is important for long-distance orientation and is also
controlled by peripheral vision. This result confirms the finding of [26] that on straight sections
the gaze is mostly directed straight ahead in the area of the vanishing point, with the main
fixation point situated approximately 1,6° to the right of the main gaze direction.

A significant difference was identified when the mean positions of the fixations on the
left and right sides of the main gaze axis were calculated separately. The mean position of all
left fixations was observed to be 2,5° to the left of the main gaze axis, while the mean position
of the fixations was 4,0° to the right of the main gaze axis. Additionally, the standard deviation
of the gaze angle from the main gaze direction in the horizontal plane (SDx) is also smaller on
the left side than it is to the right of the main gaze axis. This indicates that there is a greater
dispersion of gaze on the right side of the main gaze axis compared to the left. This gaze
pattern, which is consistent across all test subjects, serves two purposes: to ensure the correct
vehicle position and lane keeping, and to recognize the objects necessary for driving and
orientation (e.g., traffic signs). The vertical sequence of fixations at 15° — 16° clearly
demonstrates the observation of traffic signs.

Fixation distribution on straight sections

LEFT SIDE * RIGHT SIDE

NFix = 5248 (46.7%)
FixDur,, = 306 ms
FixPos,, =2.5°

SDy =2.1°

NFix = 5870 (52.3%)
FixDur,, = 304 ms
FixPos,, = 4.0°

SDy =3.4°

NFix(X)y = 116 (1.0%)

241

Figure 6. Fixation distribution on straights. Mean fixation location for all fixations in the FOV
(yellow dot), number of fixations, mean fixation duration, mean fixation position, and standard
deviation on both sides of the main gaze direction

On left curves, while driving on the left lane, the number of fixations on the left side of
the main gaze axis is significantly higher (67,5 %) than on the right side (32,1 %). The average
fixation duration is identical on both sides, though it is slightly shorter than that observed in the
straight sections. Here, the mean fixation positions are almost equally distant from the main
visual axis on both sides. A review of all fixations within the field of view (FOV) reveals that
the mean fixation location (FixLocm) is situated 1,5° to the left of the main viewing direction
(Fig. 7). Furthermore, the standard deviations in the lateral direction are also nearly identical
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on both sides of the main visual axis. This leads to the conclusion that the gaze on left curves is
distributed equally on both sides of the main visual axis, despite a higher concentration of
fixations on the left side. This confirms the findings of [19, 26, 28] that people tend to look
straight ahead on left curves and that the fixation points are distributed across the entire width
of the road. Therefore, information on left curves is gathered from the entire width of the road.
As on the straight sections of the route, the vertical arrangement of the fixation points at 15° —
16° to the right of the main gaze axis demonstrates the targeted observation of the traffic signs.

Fixation distribution on left curves

SR S VRN Y AR O
NN

LEFT SIDE

NFix = 4259 (67.5%)
FixDur,, =296 ms
FixPos,, =4.1°

SDy = 3.0°

NFix(X)y = 27 (0.4%)

24

RIGHT SIDE

NFix = 2028 (32.1%)
FixDur,, =296 ms
FixPos,, =3.9°

SDy =2.8°

Figure 7. Fixation distribution on left horizontal curves. Mean fixation location for all fixations in
the FOV (yellow dot), number of fixations, mean fixation duration, mean fixation position and
standard deviation on both sides of the main gaze direction

In contrast, when driving on the right lane on a right curve, the majority of fixations
(78,9 %) occur on the right side of the main gaze direction. In contrast to the observations
made on left curves, no spread of the gaze across the entire width of the road can be observed.
While only 20,3 % of all fixations can be registered on the left side of the main gaze axis in
right curves, the proportion of fixations on the right side of the road on left curves is 32,1 %.
The mean fixation duration on right curves is longer on both the left and right of the main gaze
axis (312 ms) than on right curves alone (296 ms). Additionally, the findings of [26] indicate
that drivers tend to maintain gaze on the road for a longer duration when navigating right
curves compared to left curves. The authors conclude that drivers generally focus their
fixations on the side of the field of view (FOV) relevant to the direction of the turn. This is
evidenced by the fact that 5 % of the total time is spent fixating on the left side on right curves
and 24 % of the total time is spent fixating on the right side on left curves. The present study
revealed that approximately 9 % of the total time was spent fixating on the left side of the field
of view on right curves. Conversely, drivers fixate on the right FOV side twice more (18 %) on
left curves of the time. The driver acquires the majority of the relevant information from the
areas of the right edge of the road and the vanishing point, as well as from the right lane itself.
Only a few glances reach the left side of the main gaze axis and they primarily serve for
orientation. This conclusion was also reached by [19, 26, 28]. In this study, the fixation points
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were listed from the video recordings and it was found that over 60 % of all fixations were in
the area of the right edge of the road at different distances.

When all fixations within the field of view (FOV) are considered, the standard deviation
(SD) is approximately 4,4° on right curves which is lower than on left curves where it is
approximately 5,0°. This indicates that the gaze on right curves is more concentrated than on
left curves. On right curves, drivers exhibit a tendency to direct their gaze in a lateral direction,
with an average deviation of 2,4° to the left, while on left curves they look 3,9° to the right
(Fig. 8 and Fig. 7). The standard deviations on both sides of the main gaze direction clearly
demonstrate that the dispersion of the gaze on right curves on the left side is much smaller
compared to the right side. In contrast, the gaze on left curves is distributed almost equally on
both sides of the main gaze direction. These results confirm the findings of [19, 26], which
indicated a greater dispersion of fixations on left than on right curves and a significant
difference in the time spent focusing on the road between right and left curves. The mean
fixation location (FixLocm) on right curves is 4,1° to the right of the main gaze axis, suggesting
that the right side plays a crucial role in lane keeping, vehicle control, and information
collection.

Fixation distribution on right curves

LEFT SIDE - RIGHT SIDE

NFix = 1198 (20.3%)
FixDur,, = 311 ms
FixPos,, = 2.4°

SDy = 1.6°

NFix(X)y = 48 (0.8%)

NFix = 4667 (78.9%)
FixDur,, =312 ms
FixPos,, =4.5°

SDy =3.7°

24
4

Figure 8. Fixation distribution on right horizontal curves. Mean fixation location for all fixations in
the FOV (yellow dot), number of fixations, mean fixation duration, mean fixation position and
standard deviation on both sides of the main gaze direction

The PRC measure provides very clear results. Figure 9a shows that drivers fixate much
more on the area near the vanishing point on curves (22 %) than on straights (10 %). On
straights, the vanishing point remains in an unchanged position and serves as a constant
reference point that determines long-range orientation, direction of travel, and lane keeping. As
soon as the driver notices an approaching curve, he uses his central vision to take in
information about traffic-relevant road elements such as road markings and vanishing points.
The higher number of fixations in the area around the vanishing point in both left and right
curves confirms the hypothesis that significantly higher PRC values are to be expected on
curves than on straights due to increasing stress. Also [25] conclude that in curves there is a
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clear concentration of attention in the area near the VP of the road in curves compared to
straights.

There is also a significant difference between left and right curves (Figure 9b). Due to
the large distribution of fixation points over the entire road width, the PRC value is much lower
in left curves (19 %) than in right curves (25 %).

PRC on straight sections and on curves PRC on straight sections, left and
0.40 right curves

Vi
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a Element b STRAIGHTS

Figure 9. Proportion of fixations to the main attention area on straights and curves (a) as well as on
straights, left and right curves (b)

5. Conclusions

Following an evaluation of the results of the gaze behavior on straight sections and left
and right horizontal curves, it can be concluded that drivers exhibit a tendency to distribute
their gaze across the entire width of the road when driving on straight highway sections, with a
notable alignment towards the sky. A higher degree of gaze dispersion was observed on the
right side of the main gaze axis in comparison to the left. This gaze pattern serves two
purposes: ensuring the correct vehicle position and lane keeping, and recognizing objects
necessary for orientation while driving (e.g., traffic signs). The average fixation location is
approximately 1,3° to the right of the main gaze direction. This indicates that on straight
sections, fixations are concentrated mostly straight ahead in the area of the vanishing point.
The latter is of particular importance for long-distance orientation, and it is controlled via
peripheral vision as well.

On left horizontal curves, the mean fixation positions and the standard deviations of the
gaze angle in the lateral direction are almost equally distant from the main visual axis on both
sides. This leads to the conclusion that the gaze on left curves is distributed equally on both
sides of the main visual axis. Drivers tend to maintain a straight gaze ahead, and the fixation
points are distributed over the entire width of the road.

A distinct gaze pattern has been identified in the case of right horizontal curves. The
majority of fixations occur on the right side of the main gaze direction, accounting for 78,9 %
of instances. In contrast to the gaze patterns observed on left curves, no spread of the gaze
across the entire width of the road can be observed. Drivers tend to focus their fixations on the
side of the field of view (FOV) that is relevant to the direction of the road. This allows them to
receive the majority of relevant information from the areas on the right edge of the road and the
vanishing point (over 60 % of all fixations), as well as from the right lane itself. Only a few
glances are directed to the left side of the main gaze axis, which primarily serve an orienting
function. It has been demonstrated that drivers dedicate a significantly greater proportion of
their attention to the road on right curves than on left curves. The mean fixation location is 4,1°
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to the right of the main gaze axis, indicating that the right side is of particular importance for
maintaining lane position, controlling the wvehicle, and gathering information about the
direction of travel.

The percentage of time of fixations in the main attention area (PRC measure) indicates that
drivers increasingly fixate near the optical vanishing point on horizontal curves (22 %)
compared to straight sections (10 %). This finding leads to the conclusion that in curves, there
is a clear concentration of attention on the area near the VP of the road, which is associated
with increased strain compared to straight sections on highways. Conversely, a significant
difference has been identified between left and right turns with the PRC value being
considerably smaller (19 %) on left curves than on right curves (25 %).
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HAKBJE I'EJAT IIO®HOPUTE B ITPABU YYACTHLU U B
XOPHU30HTAJIHA KPUBU 11O ABTOMAT'UCTPAJIN?

Bb. Xpucros!

Knwouoeu Oymu: nogedenue na noereda Ha wogvopume, Mooeiu HA nozieod,
aA8MOMASUCTNPATU, 2eOMEMPUs HA NS, NPABU YUACMbYU, XOPUSOHMATHY KPUBU, 8b3Npuamue,
pasnpeodenenue Ha GHUMAHUENO, NO3UYUS HA PUKCUpane, cobOupane Ha UHPoOpMayus

PE3IOME

HauunabT, MO KOHTO HIOPHOPUTE HACOYBAT MOIJIEAa CH, Wrpac KIHOYOBa pOJS HpPHU
YOpaBICHHETO Ha MPEBO3HOTO CpeAcTBO. T'hil KaTo BB3MpHEMaHeTo W oOpaboTkara Ha
nHpOpManuATa IO BpeMe Ha mIOoQupaHe ca B OCHOBATa HA PEIICHUATA 3a JICHCTBUE, TAXHOTO

! Bopucnas Xpuctos, npod. a-p umk., dbaxynrer ,AHxeHepHr Hayku®, kaT. ,IIbTHINA M TpaHCIIOPT®,
BepinHcku yHuBepcuteT 3a mpuiioxHu Hayku (HTW Berlin), Bunxenmunenxodipace 75A, 12459
Bepuun, e-mail: Borislav.Hristov@HTW-Berlin.de
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M3ITBJIHEHHE Y KOHTPOJ B IIBTHOTO JIBMKEHHME, TOBEJICHUETO HA IOIJiea Ha Bojada /1o rojsiMa
CTEIeH OIpeIessl TOBEJICHUETO My IpH Io(upaHe U CIIeIOBATEIHO € OT OCHOBHO 3HAUYEHHE 32
Oe3omacHocTTa Ha JBIKeHHETo. C TOMOINTa HAa CHBPEMEHHATa M3MEpPBATEIHA TEXHHKA
JBIDKCHUSITa HA OYUTE MOTraT ja ObJaT PernCTPUpaHM MPENN3HO U MOBEICHUETO Ha ITOTJIEAa
MOXeE Ja Ce 3aIlliCBa B pealHO BpeMe Mo BpeMme Ha modupane. [1o To3n HaYMH aHAIM3BT Ha
MOBEICHUETO Ha TMOIVIefia MPEACTaBIsiBA HOB METOA 3a pas3IIekKJaHe Ha IEpLENTHBHO-
MICHXOJIOTHYECKHS (haKTOp TMPH B3aMMOAEHCTBHETO MEXIY BOZAAYa, IMPEBO3HOTO CPEICTBO H
meTs. I[loBemeHmeTo Ha mornena Ha IIO(GHOPUTE 1O TONAIMA CTEHNEH CE OMNpeAens OT
reoMeTpusTa Ha IBTS. YCTAaHOBEHO €, 4Ye paslpeieieHHeTO Ha (PMKCALMHUTE CE pa3iinuaBa
3HAYUTEIHO NPU YNpPaBJIEHUE Ha IMPEBO3HOTO CPEJCTBO B IPABH YYaCTBIH M B XOPU3OHTAIHH
kpuBu. OT eJHa CTpaHa MO3MLMATA HAa (PUKCALMUTE M CTAHAAPTHOTO CTPAHUYHO OTKIOHEHHE
OT OCHOBHaTa OC Ha MOTrJeJa ca MHOTO Pa3jIMYHU MEXAY HPaBUTE Yy4acThUH M KPHUBUTE, OT
Jpyra Te ce pa3jiiuaBaT CHILIECTBEHO MEXAY JICBUTE W JIECHUTE KPHBU IPH aBTOMArkCTpPay.
BposT Ha ¢uKcanuuTe B 30HaTAa OKOJO LEHTHbpPa Ha IBTS, HAPUYaHA OIIC 30HA HAa OCHOBHO
BHUMAaHHME WJIM TOYKa HAa W34YE3BaHE, € 3HAYMTEIHO IO-TOJSIM B XOPHU3OHTATHHUTE KPHUBH,
OTKOJIKOTO B TIPaBHTE Y4YacThIM. 10Ba IIOKa3Ba MOBUIICHO HHBO HAa BHUMAaHHE H
KOHIICHTpAIMs, KAKTO M MOBUIICHW HUBA Ha CTpec 3a Bojgauure. OCBEH TOBa, NPH JCCHUTE
XOPU30HTAJIHA KPUBH c€ HAOI0/aBa 3HAYWTENHO IO-TOJSMA KOHIIEHTpAaLus Ha IIOTNEAa B
obJiacTTa Ha TOYKAaTa HAa M3YE3BaHE HA ITBTS, OTKOJIKOTO NPH JIEBUTE XOPH30HTAIHU KPUBH.
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