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Abstract. This study focuses on establishing the dynamics of changes in
the level of fatigue of an average driver in a traffic jam, which affects road
safety. Linear and nonlinear models of the effect of traffic jam on the level
of fatigue of an average driver have been developed, which allow assessing
their condition depending on the driver’s age and the duration of the jam.
Using a nonlinear regression model, the graphs of changes in the level of
fatigue of an average driver of 25 and 65 years are plotted. The analysis of
these graphs allowed us to establish the patterns of influence of road
parameters on the functional state of the driver. The level of fatigue of the
driver, which is determined by the change in his functional state, increases
during his stay in the traffic jam. Therefore, the duration of the jam and the
initial level of fatigue when entering the jam influence most the final level
of fatigue of the driver. The driver’s age affects the level of fatigue to a
lesser extent, but still significantly.

1 Introduction

The increase in the level of motorization leads to saturation and oversupply of the urban
transport system with traffic flows. This leads to traffic which excesses the capacity of the
road network and the emergence of queues of vehicles and traffic jams, especially at the
road intersections in the morning and evening peak periods. Basically this interaction is
random. The traffic flow may be also considered as a complex system that needs to be
constantly managed. The driver is the active element of this system, and his state
determines the efficiency of the entire transport system of the city to a large extent [1-3].
The traffic flow consists of cars that have different dynamic characteristics and are
driven by drivers with different psycho-physiological features [4]. Drivers manage vehicles
at their discretion in accordance with the chosen goals and objectives. The presence of the
human factor in the transport stream, as the main element of the system “human —
technology — environment”, and its manifestations, which are difficult to predict, determine
the likelihood of the flow [5]. Traffic jams at intersections during peak periods significantly
increase travel time and reduce the speed of traffic. Being in traffic jams adversely affects
the psychophysiological state of the driver, causing deterioration of his functional state and
a number of mental disorders [6-9]. Drivers of non-route vehicles try to choose such a
route that would ensure minimum time and comfortable conditions of the trip [10, 11].
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Negative emotions caused by excessive restriction of the driver’s freedom of activity and
the unsatisfactory state of the traffic organization lead to a violation of the driver’s mode of
work, his emotional stress and, ultimately, to the development of fatigue. Excessive level of
fatigue leads to an increase in the driver's reaction time and an increase in the probability of
a traffic accident [2, 3, 12—15]. The purpose of the study is to simulate the effect of traffic
jam on the functional state of the driver. To achieve it, the following tasks were set:
selection and justification of the method for assessing the level of fatigue and developing a
model for changing the level of fatigue of the average driver.

2 Literature review

Road safety is determined by the reliability of the “driver — car — road — environment”
system and above all the reliability of the most important element of this system — the
driver. The authors of the works [1, 13] stressed the need to take into account the role of the
human factor in the traffic organization. It was noted that the design and operation of the
transport system must take into account the capabilities of a person in the performance of
their duties. There are a number of factors that can lead to accidents, as well as measures to
improve the road safety. One of the most significant factors that have a negative impact on
the functional state of the driver is the road jam [16, 17]. Such qualities of a driver as
reaction time, work experience, temperament were considered by the authors of works [2,
19] in their studies. The growth of emotional tension leads to a temporary breakdown of
some mental functions of the driver, increasing the time of his reaction [17—-19]. However,
in these works the issues of the influence of the initial state of drivers on the change in their
final functional state during their stay in traffic jams and the influence of the driver's age on
the dynamics of changes in his state in a traffic jam are not fully considered.

3 Materials and methods of studying the impact of traffic jam on the
driver’s level of fatigue

3.1 The categories of drivers and equipment used in the experiments

The conducted experimental research involved drivers of all ages and categories. To
develop a regression model of the average driver, the drivers of all types of the nervous
system were examined.

Of all the psycho-physiological methods for solving described problem, the most
suitable method for assessing the functional state is usage of electrocardiogram registering.
In psychophysiology, an electrocardiogram serves as the main indicator of a person’s
emotional state during physical and mental stress [13]. The electrocardiogram is fixed by a
“Cardiosens” portable electrocardiograph with autonomous power supply.

In the presented study, the general population consists of all the drivers of the city, who
use transport means during the trip. The correspondence of the sampling structures and the
general population was established according to the type of the nervous system. For the
quantitative compilation of the sample and the determination of its conformity with the
general population, the research results given in the works [20, 21] were used. The work
[21] presents the results of studies on the type of the nervous system with percentage share
of respondents: sanguine — 27.2%; choleric — 30.3%; phlegmatic — 27.2%; melancholic —
15.3%. The results close to these are also presented in [20], with the research sample:
sanguine persons — 26—30%; choleric — 28-31%; phlegmatic — 25-27%; melancholic — 15-
19%. These ratios were taken as the basis for the research.

3.2 Methodology of conducting experimental research
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Experimental studies consist in fixing the electrocardiogram of drivers at the entrance to
the traffic jam, in the jam and at the exit from it.

The sequence of cardiointervals of an electrocardiogram is coded information about the
processes that take place not in the heart itself, but in different parts of the control system:
the nerve plexuses; endocrine glands; nerve centers located deep in the brain. The structure
of the heart rate can be judged by the state of the regulation mechanisms. This is an integral
assessment of body fatigue. The methodology is based on the theory of directly
proportional dependence of irregularity of cardiointervals and level of fatigue, which in
literary sources is often called an indicator of the activity of regulatory systems of the body.
It is calculated in conditional units (according to R. M. Baievskyi) using a special algorithm
that takes into account statistical indicators, histogram indicators, and data from spectral
analysis of cardiointervals. The level of fatigue allows us to differentiate various degrees of
tension in the regulatory systems and evaluate the adaptive capacity of the organism [22]. It
is calculated according to an algorithm that takes into account five criteria: the total effect
of regulation; the automatism function; the vegetative homeostasis; regulation stability;
activity of the subcortical nerve centers. Depending on the level of fatigue, it is determined
what state a person is in: up to 3 points is the normal state; from 3 to 6 points is the state of
stress; from 6 to 8 points is the state of overstrain [22].

4 Results of studies on the effect of a traffic jam on the level of driver’s
fatigue

The task of developing a regression model of the impact of a traffic jam on the
functional state of the driver is creating a tool that will allow making correct, reasonable
choice of the object of research and determine a set of factors that affect the behaviour of
the object. Drivers of different temperaments act as an object within this research. Factors
influencing the outcome of the study should be carefully selected. The following factors
were taken into account when compiling the regression model: driver's age, driver's work
experience, number of lanes on the road, comfort of the car, duration of stay in the traffic
jam, the values of the driver's functional state before the stop.

The developed model has the following form:

L;,=0.037-D,+0.1357,+0.61- L,
where Ly, is fatigue level of while exiting the traffic jam, c. u.; D, is the driver’s age in
years; 7;is driving duration in the traffic jam, min; L., is level of fatigue while entering the

traffic jam, c. u.
The results of calculations of the parameters of the model are given in Table 1.

Table 1. Characteristics of model of the change in the functional state of a driver in a traffic jam.

Factors Marking, Measurement Coefficient Standard | Student
dimension limits mistake | criterion
Driver's age Da, years 19-67 0.037 0.006 5.84
Duration of traffic jam T}, min 2-20 0.135 0.018 7.18
: Lﬁm,
Zii;zzltgﬁtf; fﬁ"c‘tjgifl conditional 22-5.8 0.617 0.055 | 11.24
units

In order to improve the description of the impact of traffic jam on the functional
state of the driver, a non-linear model was developed:
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L =0.018 D, +1.278.7,""+0.291.L ,,,.

where Ly, is fatigue level of while exiting the traffic jam, c. u.; D, is the driver’s age in
years; 7; is driving duration in the traffic jam, min; L, is level of fatigue while entering the
traffic jam, c. u.

The results of the calculation of the parameters of the model are given in Table 2.

Table 2. Characteristics of model of the change in the functional state of a driver in a traffic jam.

Marking, Measuremen . Standard | Student
Factors . . .. ICoefficient . o .
dimension t limits mistake criterion
Driver's age Dy, years 19-67 0,018 0,006 2,98
2?5:2‘;38’?{3:;?;;2‘“ 7, min 2-20 1,278 0,122 10,48
. Lz
The level of fat t th fen,
entanee to the (ot jar; conditional 2,258 0,291 0,066 436
units

It is clear from Table 2 that in the developed mathematical model only three factors
turned out to be significant. Their significance is indicated by the excess of the calculated
value of the Student's t-test over the tabular.

The adequacy of the developed mathematical model was estimated using the average
approximation error of 19.28%. This error is large and therefore the use of the developed
model for calculations is possible only in the first approximation.

The non-linear model has approximately the same error as the linear one, so any of them
can be used for calculations. This is explained by the fact that during their stay in traffic
jams, the functional status of drivers with different temperaments changes differently.

When analyzing the experimental data, it was found that in some cases the values of the
level of fatigue at the exit from the traffic jam turned out to be lower than the values of the
level of fatigue at the entrance to the traffic jam. This indicates that for some drivers,
mostly phlegmatic ones, the functional state in the traffic jam does not deteriorate.
However, in the vast majority of drivers, the functional state deteriorates, which leads to an
increase in the likelihood of an accident.

To assess the impact of traffic jam on the level of fatigue of the average driver, graphs
were constructed with various combinations of the initial level of fatigue. Corresponding
graphs were built for drivers aged 25 and 65 years (Fig. 1 and 2).
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Fig. 1. Dependence of the change in the level of fatigue of an average driver at the age of 25 in a
traffic jam at: Ly =2 c. u. (2), and Lgen = 6 c. u. (b).
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Fig. 2. Dependence of the change in the level of fatigue of the average driver of 65 years of age in a
traffic jam with: Lgn =2 c. u. (a) and Lsn = 6 c. u. (b).

It is clear from Fig.1 that the level of fatigue of the average driver at the end of the traffic
jam increases significantly more than five c. u., which reflects the state of the expressed tension
of regulatory systems.

If at the entrance to the traffic jam the initial level of fatigue is six conditional units, the
functional state of the driver until the third minute of the jam first improves, and then gradually
deteriorates (Fig. 1 (b)). In addition, the value of the level of fatigue of the average driver in
Fig. 1 (b) exceeds six c. u., indicating a pronounced overstrain of regulatory mechanisms.

Dynamics of change of a functional state of the sixty-five-year-old driver on Fig. 2 is
similar to the change in the functional state shown in Fig. 1, however, is more pronounced.

It follows from Fig. 2 (a) that the driver’s fatigue level rises throughout the entire traffic
jam, reaching six or more c. u. at the end of it. The driver’s condition (Fig. 2 (b)) at the
beginning of the jam slightly improves. The improvement in the jam is due to the fact that he
entered the jam in a stressed state. Further, driver’s condition deteriorates significantly.

In addition, the value of the level of fatigue of the average driver exceeds seven c. u.,
indicating a pronounced overstrain of regulatory mechanisms.

An analysis of Figures 1-2 shows that such a factor as the age of a driver has a different
effect on his level of fatigue and, consequently, on the likelihood of a traffic accident.

Young drivers adapt faster to changes in road conditions than older drivers, including the
impact of traffic jam. Their state and level of fatigue are more likely to recover from the
adverse effects of jam due to their biological age.

5 Conclusion

The studies conducted and the regression models compiled testify to the objective and
negative impact of the traffic jam on the functional state of the driver. The most significant
factors affecting the condition of the driver in a traffic jam are identified. The developed
models, adequately reflect the influence of traffic jam on the functional state of the driver,
and can be applied for practical use in the first approximation. The value of the initial level
of fatigue has a different effect on the functional state of the driver during his stay in a
traffic jam. So, if a driver gets into a traffic jam with an initial state (Le, = 5-6 conditional
units), then in the first 3-5 minutes his functional state improves by 10-20%, and then it
gets worse. These trends are characteristic for drivers of all ages. The most significant
effect of the duration of the jam is observed among drivers of the older age. When
analyzing the experimental data, it was found that in some cases the value of the level of
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fatigue at the exit from the traffic jam turned out to be less than the value of the level of
fatigue at the entrance to the jam. This suggests that the functional state of some drivers,
mostly phlegmatic ones, does not deteriorate in the traffic jam.

Therefore, to clarify the obtained patterns, further research should be carried out in
order to simulate the effect of jam on drivers of different temperaments.
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