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ROAD FREIGHT TRANSPORT DRIVER
FATIQUE TEST: A PILOT STUDY

MILOS POLIAK!, JAN BENUS?, IWONA EWA HAIDUK?, EBRU DEMIRCI*, ELVIRA NICAS

Abstract

Road freight transport is one of the main modes of transporting goods in the European
Union. This reality puts pressure on carriers to make every transport of goods fast, safe,
cheap, and efficient. Based on these requirements, lorry drivers are often forced by
their employers to break the current social legislation in the European Union and the
rules of the road. Compared to the current social legislation in force in different parts
of the world, the European Union rules on driving times, breaks and rest periods for
drivers engaged in road haulage and passenger transport are the strictest. An important
factor and reason of serious and fatal traffic accidents, extensive damage to goods or
property in road freight transport is a driver. This article presents three different types
of experiments that were carried out, and the results may help to improve the current
situation. The main aim of this study was to verify whether the actual regulations are safe
and suitable and compare the results of daily work of professional drivers in two different
measurements. Last measurement was conducted with using Eye-tacking technaology,
which aimed to verify impact of experiences on the reaction times of drivers. The authors
believe that the results of individual measurements can contribute to increasing safety in
road freight transport with preparing future extended studies and proposing the possible
changes of current regulation.
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1. Introduction

Driver fatigue is a critical aspect that must always be closely monitored by the drivers them-
selves. A sleepy driver can create a variety of mistakes and crashes on roads, resulting in
financial loss, bodily damage, and, most importantly, human life loss [10]. Fatigue is a more
common cause of accidents than driving under the influence of alcohol [10]. Drivers may feel
tired due to lack of sleep, constant driving, drugs, and medication. If a driver falls asleep for
just Four seconds while travelling at a speed of 100 km/h the car will have gone 111 meters
without a driver in control [28]. Further, increased reaction times of the drivers mean longer
decision-making processes and can result in a collision or a traffic accident [25]. At high
speed, a crash is likely with a high risk of death or severe injury. Around (16-20)% of fatal
road accidents involve driver fatigue [15]. Fatigue is a major cause of crashes in the state of
Victoria (Australia) resulting in some 50 deaths and approximately 300 serious injuries each
year [29]. As we have successfully demonstrated that fatigue is a major cause of accidents,
we also need to solve it [2]. This article describes in detail the research aimed at identi-
fying driver fatigue in road freight transport. In the Slovak Republic and the European Union,
the rules on driving times, breaks and rest periods for drivers engaged in road haulage and
passenger transport are laid down in Regulation (EC) No 561/2006 of the European Parlia-
ment and of the Council. The aim of this Regulation is to improve working conditions and road
safety, to promote better monitoring and enforcement by Member States and to improve
working practices in the road transport sector [27]. Unfortunately, drivers are not familiar
with the current version of Regulation which causes unpleasant mistakes in observing work
rules [24]. We believe that we will be able to confirm or contribute to the improvement of
current legislation, especially in the field of international road freight transport by planning
measurement of the driver fatigue during real situations in traffic, but also measurements
on a simulator. Therefore, the main aim of this study was to verify whether the current regu-
lations in charge are safe and suitable of working condition for professional truck drivers
and compare the daily work of professional drivers in two different measurements. The first
part of the article discusses the methods and various types of fatigue detection and possible
ways to record driver fatigue. The measurements are di-vided into two parts, where the first
part of the measurements will be performed on the Simulator in the laboratories of the
Science Park of the University of Zilina. The second part of the measurements will be carried
out in real truck and in real road traffic. The second measurement will involve professional
driver for better results of the experiment, compared to the first experiment on a simu-
lator, which was conducted with a classic driver's license holder. As already mentioned, the
planned research consists of two parts and several different measurements, which should
provide us with different perspectives on the issues addressed. In the first part, measure-
ments will be performed, the results of which will then be evaluated in the second part and
specific outputs will be presented. The first part of the measurements will be performed
on a simulator, where the face of the driver will be monitored by cameras for whole one
day during eleven hours long driving performance. We may conclude from this measure-
ment that the mandatory break time al-lowed the driver to get clear of fatigue and lack of
concentration because the number of errors quickly dropped to the absolute minimum after
the 45-minute break. In the second part of the measurement on the simulator, the eyes of
the drivers will be monitored by Eye-tracking glasses. We observed that experiences influ-
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enced the drivers' response times. De-tailed data on the sleep were not captured because all
drivers were prepared and informed about experiments. On the base of this information, we
did not think to follow this information because every driver arrived well rested. The second
part of the different measurements will be carried out in real traffic, where the faces of
the selected driver will be monitored by cameras while driving. Significant signs of fatigue
behavior were discovered in this measurement. Last part of paper is focused on evaluation
and proposal for next future measurements. However, the primary goal of this pilot study
and subsequent investigations is to gather valuable and verifiable materials to review the
present policy structure and, in the case that weaknesses are recognized, to suggest poten-
tial adjustments.

2. Literature review and drowsiness detection

Maost of the studies on driving mental fatigue has been conducted using driving simulators,
mostly because they provide safe, affordable, well-controlled circumstances and make data
gathering easy [26]. Driving simulation also makes it possible to assess a greater variety of
driving circumstances, particularly risky or physically harmful ones [38]. These scenarios,
which are obviously impossible to evaluate on the road or even on a test track, include eval-
uating the subject's capacity to avoid crashes and detecting the impact of drugs, alcohol,
and exhaustion on driving [20]. According to Philip et al. (2005) [23], both real-world and
computer-simulated driving scenarios are suitable for studying driver weariness. Drowsiness
detection algorithm input sources can be differentiated by the raw measurement and the
processing steps taken to convert measurements into features. Measures explored in the
literature include heart rate [9], brain activity [5, 19, 30], eye closure and tracking [14, 32, 34],
lane position [11, 28], and steering-wheel angle [6, 18]. Although most previous algorithms
focus on a one type of measure, several employ a combination of measures [8, 33]. The
most applied and theoretically rigorous measures are electroencephalogram (EEG), percent
eye-closure over a fixed time window (PERCLOS), and steering-wheel angle [3]. EEG is advan-
tageous because spectral patterns in the signal have a well-established link to the transi-
tion between wakefulness and sleep [13, 19]. EEG is limited by the amount of pre-processing
required prior to classification, vulnerability to artifacts, and the feasibility of collecting EEG
from drivers in real situations. PERCLOS, developed by Wierwille et al. (1994) [34], is the
gold standard measure for drowsiness detection. PERCLOS predicts drowsiness based on
the percentage of time an individual's eyes are more than 80% closed over a 2-min period.
Dinges et al. (1998) [5] demonstrated that the PERCLOS algorithm had over 30% accuracy
in detecting degraded performance during a vigilance task, which was more reliable across
drivers than EEG, blinks, and head position in the study. PERCLOS has been incorporated
into aftermarket devices such as the Co-pilot and has been used as a ground truth measure
of drowsiness [33]. Despite its wide acceptance PERCLOS has several practical limitations.
PERCLOS for real-time detection is limited because current camera technology required for
its measurement is expensive, has not been extensively validated, and may be unreliable
when the driver wears sunglasses or under weather conditions that produce high amounts of
glare [3]. Despite these limitations, the substantial evidence showing the utility of PERCLOS
suggests that it might be useful for benchmarking new algorithms [17, 22]. Nor can we forget
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to use Subjective Methods, which can help improve the level of experiments performed,
as well. The Stanford sleepiness scale [12] and Karolinska sleepiness scale [1] are the two
most used subjective methods. The Stanford scale is a 7-point measuring scale describing
an individual's current state of drowsiness. The Karolinska Sleepiness Scale, on the other
side, is a 9-point scale. This scale is more extensive, able to categorize driver drowsiness to
several different levels [17, 25, 31]. The authors consider using the Stanford scale of drowsi-
ness presented below in the Table 1, where the driver's state of drowsiness will be evaluated
by means of a questionnaire and professional observation.

Tab. 1. The Stanford sleepiness scale [12]

Value Description

1 Feeling active, vital, alert, or wide awake
Functioning at high levels, but not at peak; able to concentrate
Awake, but relaxed; respansive but not fully alert
Little foggy; not at peak
Foggy; losing interest in remaining awake; slowed down
Sleepy; woozy; fighting sleep; prefer to lie down

N Ol A~ W N

No longer fighting sleep; sleep onset soon; cannot stay awake

3. Materials and methods

The planned research aimed at identifying driver fatigue in road freight transport is divided
into two phases, which are divided into several measurements, as already mentioned before.
Firstly, we will introduce the driving simulator, the eye-tracking glasses, the characteristics of
the camera used and various driving scenarios and procedures.

Materials

The cabin of this Simulator is created as a structural model of a real truck type (it is not
made up of a real truck cabin). The interior equipment of the Simulator cabin copies the
real cabin in terms of the layout of the controls and indicators. The steering wheel features
are provided by the engine servo, gear lever, pedals, handbrake, and steering wheel position
adjustment, which are equipped with compressed air power simulations corresponding to
the actual vehicle. The image is projected in front of the driver on a system of three large-
screen projection screens and at the same time into rear-view views placed in the space of
the projection screen. The simulator is also equipped with a teacher's desk, which is used to
control the system and a panel for starting the electrical and other circuits of the simulator,
as you cansee in the Figure 1. At the same time, it is possible to run individual training lessons
from the teacher's desk. The computer image generator is located next to the driver's seat
and generates images of both front and rear views of the monitors in relation to the land-
scape projected in front of the driver. The driver can watch the traffic behind the vehicle and
perform, among other things, reversing training, as well.
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Fig. 1. Simulator [prepared by authors]

Based on the powerful processor, the dual lens simultaneously records the front camera and
the interior camera of a part of the vehicle in 1080P 30P + 1080P 30P / 720P 30P + 720P
30P resolution. There is an option to only use the front camera only to record from the front
at 4K 2160p 24P/1440p 30P/1080P 60P/1080P 30P/720P 60P/720P 30P. The exceptional
low-profile design allows the on-board lens to be well hidden. Both cameras can be rotated
180 degrees forward and backward, 50 degrees left and right. The GPS module accurately
records the position, speed, and route of vehicles. And it can be viewed using a GPS player
on your computer. Super night vision, 1/2.9-inch light-sensitive im-age sensor, 4 infrared
lights, f/1.8 aperture, and 6-lens lens, can produce clear videos and photos even in low light
conditions. WDR technology automatically compensates for light/dark spots and balances
exposure, allowing all details of a scene to be recorded live. LDWS: Lane Departure Warning
System. FCWS: Frontal Collision Warning System. The built-in super capacitor prevents the
battery from exploding during use. On-board is camera connected to a car charger, it is
necessary.

In our study we used SMI Eye Tracking 2 Wireless, Eye-tracking glasses from SMI SensoMo-
toric Instruments. Eye-tracking is based on obtaining data on eye movement or eye pupils,
respectively [21]. This data is obtained by the Eye tracker, which consists of two main compo-
nents: a light source that emits infrared radiation and is aimed at the eye, and a camera
that then captures infrared light reflections, including pupil movements. This device must
be connected to a computer or other device that stores the scanned data [37]. Our study
used Eye-tracking glasses. These glasses record a person’s natural behaviour in real-time
on a computer. The sampling frequency for eye movement is up to 120 Hz, and the viewing
range is 80 degrees horizontally and 60 degrees vertically. In addition to recording images at
aresolution of 1280x360 pixels at 24 fps or 960x780 pixels at 30 fps, the glasses also use an
integrated microphone that picks up ambient sound. After using the Behavioural and Gaze
Analysis software, the output data of the scan can be in the form of video or images.
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Methods

In this study, we worked with six different driving scenarios, which are presented and
described below. Two different experiments were performed with the simulator, which are
described above in the methodology section.

In the first measurement, we worked with five different driving scenarios, where drivers
had total freedom to drive around scenarios and then in the second different experiment
conducted on simulator with the use of eye-tracking glasses, we worked with one more
different driving scenario, where each driver had to follow the same scenario. We gradually
describe all the driving scenarios that were used in the first measurement, and at the end of
this subsection, the last driving scenario used in the measurement with eye-tracking glasses
will also be presented. The first and the longest driving scenario that the driver drove took
place on a highway with regular traffic and it is shown in the Figure 2. This driving scenario
lasted for four and half hours before driver took first obligatory pause lasted 45 minutes,
according to the current regulation.

Fig. 2. Highway driving scenario [prepared by authors]

After the first obligatory pause of 45 minutes, what is necessary for every professional truck
driver in European union to take for getting new four and half hours of more time to drive in
that particular day, second driving scenario started. Driver drove in this driving scenario for
two hours and it took place on a regular road with different type of obstacles on the road and
around the road, also different speed limits and classic traffic with other cars but without
hills. In this scenario road didn't go through any cities, it goes all the time out of the city or
village like it is shown in the Figure 3.
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Fig. 3. Regular road scenario [prepared by authors]

After two hours of driving in previous driving scenario, fifteen minutes pause follow. Drivers
can divide their 45-minute breaks to two separate parts of duration of minimum of fifteen
minutes for the first pause and then the second pause cannot be shorter than 30 minutes
and always together both breaks must be at least 45 minutes after every four and half hours
of driving except the case when daily rest period or weekly rest period follow, then the break
is not needed. During these fifteen minutes break, driving scenario was changed to the city
mode, like it is shown in the Figure 4.

Fig. 4. City driving scenario [prepared by authors]
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In this third driving scenario, driver drove for two and half hours. After completing four and
half hours in total with previous two hours driving in the regular road scenario and two and
half hours in this city scenario, driver stopped the simulator truck and start-ed to rest for
thirty minutes, what is the second part of the obligatory 45 minutes break be-fore drivers
are allowed to drive more hours according to the regulation 561/2006. Regulation in the
European Union allows truck drivers drive twice ten hours in one working week. Based on this
information, we decided to extend the measurement and the driver's driving time by another
hour to see number of mistakes and signs of tiredness behaviour at the end of driver work.
We also changed the driving scenario to the similar one like second driving scenario was. In
comparison with the second scenario, this fourth driving scenario contained hills and various
ups and downs on the road with different obstacles around. This fourth driving scenario is
shown in the Figure 5.

Fig. 5. Driving scenario with hills [prepared by authors]

After completing ten hours of driving time in one day, driver cannot continue to work and
drive more hours according to the older regulation but according to the new adjustments
in regulation from 15 July 2020, drivers may also exceed daily and weekly driving time by
up to one hour in order to reach the employer's operational centre or the driver's place of
residence to take a weekly rest period. Based on this new change, we prolong driving time of
the driver for another one mare hour. Before driver started to drive last eleventh hour in this
day, driver took 30 minutes safety break. We also changed driving scenario during this break.
Last driving scenario took place on a countryside road between different villages and farms
like it is shown in the Figure 6.
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Fig. 6. Countryside road driving scenario [prepared by authors]

Evaluation of the process of this first measurement on the simulator, where one driver drove
eleven hours in one day in five different driving scenarios, is presented in the results section.
Driver was recorded with video camera while driving whole day and four different signs and
mistakes were evaluated of this video records. One of the biggest reasons for 11 hours long
experiment was to see driver behaviour and tiredness level after long hours driving perfor-
mance.

In the second measurement, we only worked with one driving scenario. Four drivers partic-
ipated in the second experiment with use of Eye-tracking glasses, and aonly drivers without
glasses, drivers with good vision went in for this measurement. Drivers started always from
the same beginning point and the same obstacles were presented to them. The risky driving
scenario with a wild animal obstacle is shown below in the Figure 7.

Fig. 7. Risky driving scenario [prepared by authors]
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Evaluation of the reaction times of drivers in this first measurement on the simulator are
presented in the results section.

Methodology

The first study is realized on the driving simulator in the laboratories of the Science Park of
the University of Zilina. The first part of the measurements is based on the data collected
while driving the Simulator. Data are collected continuously throughout the ride from the
simulator and the video recording camera. The simulator collects records of vehicle condition
and driver inputs (i.e. lane position, maximum and average speed, distance travelled, driving
time, shifting without clutch, body collision with external object, clutch pedal position). The
journey takes a minimum of 11 hours per one day and includes a realistic driving environment.
Five slightly different driving scenarios are used, one for each ride, to eliminate the potential
learning effect. Each scenario represents the same simulator events, but in a different order.
Data from each measurement are collected and evaluated. The camera records various eye
movements, including blinking and closing of the eyes, yawning, and head loss. The research
consists of two separate visits to the simulator. The first visit is only a screening, introductory
visit and the second visit will consist of a one-day drive from an early morning to evening
condition. The second measurement on the simulator is performed using Eye-tracking
glasses, which record the movements and reactions of the eyes to risky situations during
a twenty-to-thirty-minute ride on the simulator [20]. The test phase of measuring and
testing the equipment has currently taken place. Based on the results of this measurement,
we can recognize when an obstacle appears on the road, when the driver notices it and then
when the driver reacts and presses the brake pedal. Only drivers without glasses participated
in this measurement, all drivers with glasses were excluded from this measurement. You can
see the driver with the Eye-tracking glasses and at the same time you can see the driver's
view with the help of the glasses in the Figure 8.
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Fig. 8. Eye - tracking glasses and view of the driver [prepared by authors]
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The second part of the measurement is carried out in real vehicle with professional truck
driver from Slovakia. The second measurement is based on the collection of GPS data, digital
tachograph data and video data of driver monitored while driving. Data are collected over
whole day and includes various journeys made by truck driver from Slovakia to different
European countries. During different journeys, driver may behave differently in terms of
driving safety. Numerous indicators represent various aspects of dangerous driving behav-
iour [39]. Extensive data are collected from driver and evaluated to see if the current legisla-
tion about driving time up to ten hours per day is safe and satisfactory.

At the end of the presented methodology, it is necessary to report that for the evaluation of
the drivers' fatigue the subjective method is used. We expected to evaluate results with use
of program imotions, but unfortunately program is not available yet. Authors are aware of
possibility that this evaluation could lead to different results than program imotions, which
was and is also planning to be used for future measurements. In the future evaluation of
extensive data, Junaedi and Akbar drowsiness detection method is expected to be used [30].
To do this, the conventional confusion matrix will be used to generate the positive and nega-
tive prediction scores of each model and then deduct several performance measures from
those scores [4]. On the other side, it should be noted that using a subjective method can
be consider as accurate as imotions program due to the detailed and responsible evaluation
of authars.

4. Results

The total driving time of the driver was 11 hours per one day, which was made possible by an
amendment to Regulation 561/2006 adopted on 20 August 2020. During the whole time,
driver was monitored by camera recording his face and upper part of the body, but also
program of simulator recorded driver’'s mistakes.

We found that symptoms of tiredness behaviour were more significant in the first part of
measurement in the early morning than in the second part, not only yawning but also exam-
ples of head losing and supporting it with one hand or slower response reaction time. These
signs of fatigue are higher at the beginning of the experiment, then the signs decreased,
and driver started to focus on the road. We can observe that driver interest was slowly
decreasing gradually with time of driving After taking 45-minute break, number of mistakes
rapidly decreased to the minimum, we can review that obligatory break time helped driver to
eliminate fatigue and lack of concentration. On the other side, we can observe that second
short break with duration only 15 minutes after another two hours of driving did not help
to decrease signs of fatigue behaviour, but it caused increasing of number of errors like
not concentrating or jerking driving. The significant increase in jerking in 8 hour was due to
the longer driving time between two breaks, more different driving scenarios and one only
15 minutes break, caused reduction in driver attention.
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Fig. 9. Camera record of driver in simulator [prepared by authors]

After second break of 30 minutes before last driving part, we can see decreasing number of
signs of fatigue behaviour, again. To sum up, on the other side, in the second part of measure-
ment, we can see more mistakes, which could cause traffic accidents but most of mistakes
were related to phone distraction either calling or texting and not symptoms of tiredness
behaviour. Drivers in both experiments were not informed of recording errors in violation of
the Road Traffic Act. Based on this big actual problem of using cell phone, driver was losing
focus on the traffic situation, but we cannot evaluate, how much focus attention losing could
lead to a traffic accident. To sum up, we can say that more dangerous situations were caused
by lack of concentration than tired driver behaviour. We can confirm in this pi-lot study that
current regulation about driving times and breaks is suitable. Evaluation of all driver mistakes
and symptoms of tiredness behaviour are presented in the Figure 9.

Third study in total that we realized was to identify fatigue of driver while driving in the real
traffic. Driver was following current social regulation with driving time maximum of 10 hours
in one day. The driver worked as a regular day, except that during this one day the driver's
performance was recorded by a face video camera. This analysis resulted in the same recog-
nition as simulator study analysis. We evaluated signs of yawning, fatisue behaviour, not
concentrating and getting hands off the steering wheel. First half and hour, driver was fresh
and well rested driving on the regular road in Slovakia and then before crossing the border
first part of 15 minutes break followed. Then the driver continued to drive almost 4 hours
before he took second part of the break with minimum 30 minutes duration. After the break,
4.5 hours were performed in the highway. Before driver started last driving part, driver had
to take a second 45-minute break. Last one hour of driving were out of the highway near
to the unloading point where driver also stopped and performed a short daily rest pause
of duration nine hours. The total driving time of the driver and performance that day was
almost ten hours, and it was recorded during sunny day and early evening. During the whole
time, driver was monitored by camera, which was recording his face and upper part of the
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body, but during driver breaks camera was off. We found the significant symptoms of tired-
ness behaviour in the first period of driving before taking second break with duration of
30 minutes and also the significant symptoms of not concentrating which could be caused
by driver fatigue. We can observe that in the second part of measurement before last hour
of driving there were starting symptoms of tiredness behaviour like yawning observed on the
video record, slow head falling, head supporting with hand and rubbing eyes but after taking
45 minutes break, all symptoms disappeared. A high increase in lack of attention could have
been caused by fatigue, and thus the distraction mostly with cell phone could have been
used to reduce fatigue. On the other side, during whole measurement, we can see many
mistakes more than in the simulator study which could endanger traffic safety. Most of the
mistakes were related to phone distraction either calling or texting, as it was seen in simu-
lator study, as well. Un-fortunately, we cannot estimate how much traffic accidents could
have been compromised without front records. Evaluation of driver mistakes and symptoms
of tiredness behaviour are presented in the Figure 10.
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Fig. 10. Evaluation of driver in the real traffic [prepared by authors]

Second different study than first one that we realized on the simulator was to identify differ-
ences of driver reaction time using Eye-tracking glasses. This analysis resulted in recognition
of the time, observing an obstacle and time of the decision to break. Two drivers with a driving
license of group "C" and two drivers with a group “B" license took part in the measurement.
All four candidates were 25 years old. The total driving time of one driver was 10 minutes to
15 minutes, depending on the driving speed in a risky environment. The risk environment
and obstacles shown were randomly generated by the computer. Obstacles that appeared
while driving were wild animals running across the road, falling trees on the road, or a tractor
entering the road.

Using Eye-tracking glasses, we were not only able to determine the drivers' reaction time in
total, but we were able to divide this time into the obstacle observation time (yellow column)
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and the brake pedal time (blue column). Based on this data, we can say how long it takes
the driver to react to a certain type of obstacle since he detects the obstacle, not since the
obstacle appears on the screen. We decided to consider only the first 15 crisis responses for
each driver because then the obstacles and the way they were displayed began to repeat.
Figure 11 presents an average of the drivers’ observation time (yellow colour) and brake pedal
reaction time (blue colour). First and third driver were drivers with valid truck driving license
compared to second and fourth driver where there were classic drivers with regular driving
license. There is a fifth driver who is not considered because this driver knew obstacles and
he was only a testing driver.

Reaction time [hs]

an

SV —

an

-~ ‘ ‘

Driver1 Driver2 Driver3 Driver4  Driver 5

Fig. 1. Average of the drivers’' observation time and brake pedal reaction time [prepared by authors]

5. Discussion

The World Health Organization (WHO) road safety report reveals approximately 1.2 million
deaths due to driver fatigue each year from 2001 to 2013 [36]. Based on the analysis of acci-
dent statistics from the EU and the USA, it was found that the situation in the EU is better
than in the USA, in terms of accident rates over a period of four years from 2009 to 2012.
Even though the total number of fatal accidents in the EU and the USA is very similar [16].
By reason of the seriousness of this issue, there are several types of research to prevent
sleepy drivers while driving a motor vehicle. One solution is to educate drivers about adverse
conditions while driving at sleep. This approach means realizing the effects of lack of sleep,
fatigue caused by long monotonous driving, but also other work, and hours of operation of
delivery points [35]. Compared to the current social legislation in force in the United States of
America, the European Union drivers can drive 4 hours to 10 hours less in one working week,
and while in two weeks it can be a difference of up to 30 hours [7]. In our first study, two
different experiments were conducted, which aimed to verify the driver's awareness condi-
tion when driving a lorry during a 10-hour working day. One of the studies was realized on the
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simulator, and the same type of the study took a part in the real traffic, as well. As already
mentioned, there are differences in the results obtained between drivers' performances
on the simulator and in the real vehicle. We did not find significant symptoms of tiredness
behaviour during whole period of both drivers driving. As a result, drivers can drive safely
10 hours or 11 hours per day in accordance with applicable regulations as long as they comply
with legal rest requirements. To summarize this part of the study, we need to conduct longer
experiment, when more days in a row of one driver will be recorded and evaluated. On the
other side, resulting from not concentrating, driver in the real traffic caused more dangerous
situation which could lead to the traffic accident than driver on the simulator. Mostly, lack
of concentration was related to using a mobile phone for either calling, or texting. Errors and
violations of road traffic rules were recorded only when the driver had a phone in his hand,
if he used a handsfree, this was not record-ed as an error. On the other side, it is neces-
sary to consider that use of phone helps many drivers reduce passive fatigue. Based on the
mentioned above, it is fair to conclude that the results coming from the simulator study are
comparable with the results obtained from the study conducted in real traffic. Thanks to
these studies, it is possible to carry out another similar measurement, where the driving time
would be extended to 12 hours to 15 hours a day like it is in other countries. The task of this
future measurement would be to verify that the driver is able to drive a motor vehicle safely
in compliance with mandatory breaks at work for one 24-hour day. By such a measurement,
we identify the potential maximum driving time for one day, a 24-hour period. This measure-
ment will be supplemented by data recorded on the Simulator software, using a behavioural
method such as lane departure, eye opening and closing time, etc. Behavioural methods will
help to im-prove the resulting image of driver fatigue. We consider obtained results to be
the starting point for comparison with other methods and future experiments. As already
mentioned, the total driving time of the driver was increased up to 12 hours per one day, 24
hours period, by an amendment to Regulation 561/2006 adopted on 20 August 2020. As for
the current regulation in the USA, it is possible to drive 11 hours for professional drivers every
day between two weekly rest periods in road freight transport, unlike the EU, where this
option for drivers is only once a week if other conditions are met. With increasing demand
for goods, many vehicles are needed [33]. One possible solution could there-fore be to use
existing vehicles with existing drivers, by extending their working, driving time to such several
hours that it does not endanger road safety.

On the other side, in the second measurement, the reaction times of 2 experienced drivers
and 2 unexperienced drivers were evaluated and compared. The main purpose of this study
was to verify impact of experiences on the reaction times of drivers. Based on the results
obtained, we can see that different experiences had an impact on the reaction time of
drivers. According to calculations, at a speed of 50 km per hour and the difference between
the reaction time around 20 hundred of seconds, the difference in braking distance is around
4 meters. At 80 km, the difference is more than 6 meters, and with increasing speed, the
difference increases even more. Extending the braking distance will cause the vehicle not to
stop in front of an obstacle in time but instead end up in an obstacle, thus, an accident will
occur. To summarize our findings, apart from the effects of age, gender, fatigue, stress, medi-
cation, and other factors affecting driver reaction, driver experience affects drivers' response
times, as well, but without obtaining more data, the results of this first study in this paper can
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be considered only indicative. The result of this study is very valuable for the preparation of
future research programs for measuring drivers' reaction time, which will bring the desired
effect. For a comprehensive approach to research, different measurements are planned
to use subjective methods, physiological and behavioural methods, which should bring us
a better final picture of the problem. Physiological methaods, including EEG, ECG and elec-
trooculogram (EOG), are considered the most accurate. Their high accuracy is ensured by the
transmission of electrical signals of the driver inside the body, which can detect immediate
changes in the vigilance of the driver. We believe that detailed research could bring useful
basis for a possible change in current legislation that would not result in an increase in the
number of traffic violations and accidents.

6. Conclusion

Performed experiments proved that there is a potential for future experiments, which could
lead to changes of current regulation. To summarize, the finding resulting from the two full
day experiments, we may conclude that driver's behaviour was similar both in the real traffic
and on the simulator. This fact proves to us that it is possible to implement other more
extensive measurements on the simulator, which will have a comparable explanatory value
with the measurements made in the actual traffic. Based on the findings in eye-tracking
glasses study, we may conclude that diverse experiences had an influence on drivers' reac-
tion times during the Eye-tracking experiment. We plan to use the obtained data from future
individual measurements to evaluate the current situation of drivers’ behaviour in road
freight transport. Information obtained from extensive data can serve as effective alterna-
tive measures on traffic exposure and enable more effective policy making. Although this
study uses a highly faithful simulator, it does not accurately replicate the experience of
actual management, so to improve the results we plan to compare two types of independent
research from real traffic and a simulator. These future studies both in the real trafficand on
the simulator will use data obtained from several different measurements with more partic-
ipants. Many factors affect driver behaviour. Due to the small sample of drivers in individual
measurements, right now we are not able to properly consider the personal characteristics of
drivers (e.g. age, gender, education) and psychological conditions (e.g., agitation, depression).
Despite these limitations, conducted research provided a systematic approach to identifying
potential risks between different lorry drivers. One concern is which method and algorithm
should be used to evaluate the results. There are several limitations to this study, including
the use of a driving simulator, the de-sign of the study, the scope of the test data, and the
scope of the basic truth of fatigue. These results and future results could be combined with
safety interventions to address the causes of fatigue, such as incorrect working patterns and
sleep disorders, to create comprehensive systems that will improve driving safety [20]. One
of the possible benefits and changes that pilot study could bring and possible future studies
is changing the driving time from 9 hours per day and maximum twice a week to 10 hours per
day every day of the week. OFf course, this pilot research needs to continue with extending
this research more. However, the main aim of this study and future studies, is prepare valu-
able and verified documents to evaluate the current regulation, and in the case of findings of
weaknesses, propose the possible changes.
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