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ABSTRACT

A group of professional bus drivers have done two rides on a city bus simulator — the fist one into the city centre and
the other one in the suburbs. One dangerous incident was simulated during each ride. The visual strategy was
evaluated by the FaceLab system comprising two pairs of cameras, one facing the road and the other to the left side.
The main selected criteria of the visual strategy included the number and duration of gaze fixations. Furthermore,
eyelid movements (PERCLOS index) and pupil diameter were recorded. The results were subjected to a statistical
analysis.
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INTRODUCTION

While visual strategy during driving has been extensively studied, much less is known about the visual strategy
employed during driving the city bus by professional drivers. The study of this strategy is very important for the
safety of driving and the optimal methods of driver training. One of the primary purposes of the present study was to
evaluate this strategy and verify the extent to which it affects the safety of driving. The professional drivers were
selected for the study in order to eliminate the learning effect, and thus enable studying driving strategies that have
been well mastered and to some extent automated.

MATERIAL AND METHODS

The tests have been done on a prototype city bus simulator produced by Aerospace Industry (Figure 1). The
simulator consists of a bus cabin equipped with all the original controls, and a 4.5m-high wide screen with a 270°
field of view. The image on the screen, generated in the HD (high definition) system, is displayed using five
projectors. This produces the illusion of completely real conditions. The cabin is suspended on a movable platform
with six degrees of freedom, so that it is possible to simulate all movements of the vehicle, including those resulting
from rough road surface. The simulator offers the option to adjust the intensity of pedestrian and automobile traffic,
the type of lighting and weather conditions, adhesion conditions, time of day, etc.

In the bus driving simulator, it is possible to include stressful (action-reaction) events in the driving scenario. This
involves precisely pre-programmed and controlled intrusion of a phantom AI (artificial intelligence) car to simulate
a dangerous event that forces the driver to react quickly and avoid the collision or minimize its effects.
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Fig. 1. Aerospace Industry city bus simulator

Visual driving strategy was tested by FaceLab system, allowing contactless testing. This choice was dictated by the
requirement of the total non-invasiveness of the applied research methodology. Two pairs of FaceL.ab cameras were
installed in the cabin - the first in front of the driver's seat, the other on the right-hand side of the driver. The task of
the first pair of cameras was to track driver’s eye movements while he/she was driving the bus; the other pair served
to monitor the movements of passengers getting into and off the bus and those standing at the bus stop, and observe
the environment in the side mirror. Two scenery cameras were installed behind the driver in order to record the
driver's field of view during both rides. Deployment of the FaceLab cameras in the driver’s cabin is shown in Fig. 2.

Fig. 2. Deployment of FaceLab cameras in the driver cabin during testing

The study subjects included a group of professional drivers of city buses. Each driver had two rides about 40
minutes each, one in the central part of the town and the other in the suburbs. The rides differed in the number of
turns, maneuvering difficulty resulting from the limited width of the streets, urban structure (density of buildings),
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and the distance between stops. Number of stops in both runs was similar. The characteristics of both rides is
presented in Table 1. The "city center" ride was assumed to be "difficult" and the "peripheral" one was deemed to be
"easy". The intensity of vehicle and pedestrian traffic was adjusted to a similar level. All study subjects were asked
to drive as close as possible to the usual driving under natural conditions. At the end of each ride, a stressful
situation was arranged involving sudden intrusion of the AI car phantom that violated the right of way. This
situation was generated in a similar manner during both rides.

Table 1: Ride characteristics

number of stops number of left turns number of right turns
City ride 24 13 12
Suburb ride 20 3 3

Visual strategy was evaluated using two indicators: the number of fixations and time of fixation on each of the
elements of the field of view. During both rides, the emerging field of view of the scenery camera 1 has been
divided into four zones: the peripheral left, peripheral right, lower central and upper central (Fig. 3).

During the accident-like event, the analysis comprised all elements in the visual field.

Analysis of the data was carried out using the Captive software package that allowed the integration of the results of
all measurements made and the synchronization of these results with video recording coming from the FaceLab
scenery camera filming the central field of vision of the driver. This makes it possible to observe the variability of
all parameters monitored in real time of the events, thus enabling full analysis of the reaction of the driver. It is
possible, for example, to monitor the speed, acceleration, steering wheel movements, braking, etc.

Characteristics of the braking episodes during both rides were used as one of the elements of the assessment
strategies. The CAPTIV package allows analyzing of rapid braking episodes by employing a numerical parameter
which, when exceeded, causes that the braking is classified as violent, and quick presentation of the resultant data in
the tabular form. The strategy for smooth driving was evaluated from the number of smooth and rapid braking
episodes and their proportion.

RESULTS

Due to the fact that the tests are not yet complete, the results presented below apply only to the group of 10 drivers.
All our results will be published after completion of all testing.
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Table 2. Distribution of gaze fixations in individual drivers

Driver Region 1 Region 2 Region 3 Region 4
1 0.6 18.7 0 0.7
2 2.3 47.7 0.9 1.2
3 0 43.2 4.2 1.2
4 0.9 44.8 0 1.3
5 2.3 27.2 0.5 1
6 0.9 52 0 1.2
7 2.1 50.9 0.4 0.6
8 1.3 57.1 2.8 0.5
9 1 6.3 1.9 1.2
10 2.3 58 0.1 24

Driving Strategy
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Assessment of the strategy for smooth driving was based on the braking characteristics during both rides. The
analysis of the number of smooth and rapid braking episodes is given in table 3, and their proportions are presented

in Fig. 4.

Table 3. Number of smooth and rapid braking episodes in individual drivers

Driver Number of braking episodes Number of rapid braking episodes
1 172 15
2 82 4
3 122 14
4 132 34
5 171 2
6 150 5
7 122 64
8 96 50
9 161 2
10 126 31

Fig. 4. Proportions of smooth and rapid braking episodes in individual drivers
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DISCUSSION

The preliminary results obtained in a group of 10 drivers allow the assessment of both their visual strategies while
driving, as well as their overall strategy of driving. The results obtained using the FaceLab system point to strong
preferences for gazing at the central zone of vision, including the road, especially its portion visible in front of the
driver, and the traffic signs. Almost 40 % of the fixations occur at that zone and the fixation times are longest. This
is a general trend, although individual differences are quite large.

The results of measurements of smooth and violent braking episodes show a very large discrepancy between the
individual drivers. Individual differences, both in terms of absolute numbers and proportions are very important and
may indicate a large difference in the driving strategy. These data will be correlated with the results of psychological
tests of the drivers in a search for a relationship between temperament, personality, degree of susceptibility to stress,
etc., and indicators of the type of inhibition. Detection of such a relationship would permit this method of evaluating
the quality of driving to be used as an objective method.

CONCLUSIONS

The reported preliminary results confirm that eye-tracking is a method that allows for precise assessment of visual
driving strategies. The studied group of 10 drivers is not sufficiently numerous to perform a statistical analysis.

Data from the simulation allow an accurate assessment of the quality of driving. This applies particularly to the
braking strategy, but more detailed analysis of data on the evolution of the speed and acceleration also seems very
promising.

The final results of the research shall make it possible to develop a program for optimization of driver training and
improve traffic safety.
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