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Abstract. The article analyzes the accident rate and causes of road accidents. It has been found that in most
cases traffic accidents occur due to drivers' fault. This is due to the low level of professional training and limited
psychophysiological condition of the driver of the vehicle. The project of an interactive simulator is proposed. The
analysis of existing designs of car simulators is carried out. The concept of a car simulator is substantiated based
on the analysis. The use of the described driving simulator will allow identifying and weeding out potential traffic
violators at the very stage of training.
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Introduction

Within the framework of international
cooperation, a team of authors is conducting research
work on the development of automobile simulators
to study the influence of the psychophysiological
state of the driver on road safety and comprehensive
training of future drivers of motor vehicles in safe
behavior on the road [1, 2].

The relevance of the work and the scientific
significance of the study is determined by the fact that
the growth of the automobile fleet in the Republic of
Kazakhstan and that the constant increase in traffic
intensity have brought to the fore the problem of road
safety as one of the most important national tasks to
be solved.

Analysis of accidents and causes of road
accidents

Road transport is an integral and most important
component of the transport and communication
complex of the Republic of Kazakhstan, which is in
a state of continuous development (traffic intensity,
speed and load capacity are increasing). Along with
the indisputable advantages of motorization, there is
a trend of increments in human and material losses
due to accidents related to vehicles. A vehicle is a
potential source of high danger to people, and its
level has increased dramatically in recent years as a
result of growth in engine power and speed [3].

During the period from 2015 to 2019, 86 318
road accidents occurred on the public roads of the

Republic, 11 430 people were killed, 112 325 people
were injured.

Since 2015, the level of accidents with road
transport has decreased annually in the Republic of
Kazakhstan (with the exception of year 2019). The
reduction in the number of road accidents, as well as
people killed and injured in them, continued against
the background of an increase in the country's fleet.
The main indicators of accidents in the Republic of
Kazakhstan from 2015 to 2020 are shown in table.

After a four-year period of decline in all major
accident rates, the number of road accidents increased
in 2019, as well as the number of people killed and
injured in them (Table).

According to official statistics, 16 614 road
accidents were registered in Kazakhstan in 2019.
Compared to 2018, the number of accident increased
by 5% [4].

Figure 1 shows the dynamics of changes in the
number of accidents and the number of victims for
the period from 2015 to 2020.

The driver of a motor vehicle is the main link of
the driver-car-road-environment (DCRE) system,
the sustainable functioning of which determines the
efficiency and safety of road traffic. The driver drives
acar in a state of constant stress. As a person drives, he
or she continuously perceives and comprehends the
rapidly changing traffic situation, the position, speed
and condition of the car, and has to instantly make
decisions and implement them. Such an active and

continuous course of mental phenomena in a rapidly
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The main indicators of accidents in the Republic of Kazakhstan

. Road accident Died Injured
ear
Cases Growth/decline, % People Growth/decline, % People Growth/decline, %
2015 18890 -7,3 2453 -5,1 24055 -7,3
2016 17974 -5,8 2390 -2,6 23389 -2,8
2017 17019 -5,3 2086 -12,7 22256 -4,8
2018 15821 -7,0 2096 +0,5 20445 -8,1
2019 16614 +5,0 2405 +14,7 22180 +8,5
2020 13515 -18,7 1997 -19,5 17844 -17
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Figure 1 — Dynamics of changes in the number of accidents and the number of victims

changing environment of potential danger increases
the tension of the nervous system and causes fatigue
and sometimes overwork of the driver [1, 5].

When driving a car, the driver must accept and
adequately analyze a large amount of information
(road, regulatory means, road signs and markings,
control devices and the operation of vehicle systems
and mechanisms, weather conditions, etc.). In
addition, he or she must be able to predict how
the road situation will further develop and choose
the safest driving modes. With high dynamism,
variability of conditions and strict restrictions on
decision-making time, the driver is constantly under
great emotional stress.

The driver's poor health and illnesses lead to a
decrease in the working capacity and a corresponding
increase in the probability of a traffic accident [6].

Analyzing the factors determining the causes of
high accidents, we can conclude that the human fac-
tor is the key. Poor quality of driver training leading to
errors in assessing the road situation, unsatisfactory
discipline, inattention and negligence of drivers

EEA when driving vehicles — these are the components for

road accidents.

The analysis of the majority of road accidents
shows that the weakest link of the human-machine
DCRE system limiting its effectiveness and reliability
is people themselves. Drivers are responsible for 65 to
85% of accidents [1, 4].

The problem of the reliability of the professional
activity of the driver is very complex. It covers not
only purely technical issues related to the design
features of cars and roads, but also issues from other
fields such as psychology and human physiology.
Identification of people with reduced reliability using
professional selection based on psychophysiological
qualities will reduce risk levels, and thereby increase
the safety of the transport process [7].

To improve the professional training of future
drivers, it is necessary to conduct professional
selection taking into account the psychophysiological
qualities of a person. In this regard, the issue of
creating a car simulator for driver training is relevant
as its use will allow identifying and weeding out
potential traffic violators, who may subsequently
be the causes of road accidents due to their limited



psychophysiological capabilities, at the stage of
driver training.

At the initial stage of the research work, we
conducted an analysis of the existing designs of
automobile simulators.

Justification of the concept of a car simulator

Car simulators are software or hardware-and-
software complexes that simulate real processes and
situations in order to train drivers and develop their
driving skills. Simulators that simulate processes
associated with risk to life and health have become
widespread.

Driving simulators have been successfully used
for several decades in researches conducted in the
automotive industry. Initially, they were invented in
order to develop and improve driving skills. Later,
they began to be used to train professional drivers of
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special vehicles for successful adaptation to difficult
driving conditions.

To date, simulators are used both for training
drivers and for conducting research in the field of
reliability of the interaction of the «car-driver» system
[8].

Car simulators are very expensive. Firstly, this is
due to high technical and design requirements, and
secondly, they are not mass-produced. In most cases,
separate samples are assembled, if needed. For this
reason, their production requires high costs.

The development and production of car
simulators, for the most part, is carried out with
the interaction of research institutes, educational
institutions and car manufacturers [9].

Based on the results of the analysis, the concept
of a car simulator was formed. Structurally, the car
simulator consists of parts of the car interior with

During the analysis, we considered simulators from the following countries:
- Republic of Korea

Figure 2 — Hexapod-based simulator

- France

= — e

Figure 3 — Advanced simulators on the engine platform in Technocentre Renault
(on the right there is the so-called «crossdesk»)
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Figure 6 — A complete car simulator placed on a highly reliable six-legged platform at BMW facilities




- Japan
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Figure 7 — Driving simulator produced by Mitsubishi Precision (left) and Honda (right)

control system elements (steering wheel, pedals,
dashboard) and an adjustable seat borrowed from a
real car. It is equipped with a manual transmission, a
clutch pedal and a real car control panel [10].

Visualization is provided by a screen located in
front of the instrument panel. This concept of a driving
simulator is more convenient for implementing the
so-called «inside-the-car dynamics», which makes
the driver perceive driving skills more realistically. In
addition to the aforementioned, the simulator should
allow one to simulate the operation of components
and assemblies of a real car, provide the ability to
create and change a virtual landscape. The described
driving simulator is the closest to reality in terms
ergonomics of the driver, since elements of a real car
are used.

The distinct feature of the car simulator proposed
by our team is that it allows us conducting studies of
the influence of various stimuli on a driver's condition
by the use of non-invasive measuring devices.

In psychophysiological studies, the criteria for
assessing the impact of various road conditions on the
driver are the values of psychophysiological parame-
ters corresponding to the optimal level of emotional
stress. The degree of reliability of a driver's actions is
determined based on them [11, 12, 13].

Figure 9 shows the functional structure of the
proposed car simulator. The entire system can
be divided into four modules. The first module
represents the simulator itself. It consists of software
and hardware. The simulator software includes
a virtual reality engine (3D graphics and spatial
sound) and a physics engine. A verisimilar behavior
of the simulated vehicle is a prerequisite for good
experimental results.

The second module of the simulator is a cabin
consisting of parts of a real car and computers

connected to the Internet.

The next module is a database of test tracks and
passenger cars. To get objective results, it is necessary
to produce a certain level of track complexity.

The last module is tools for creating assets that
make up tracks. Basically, this is the modeling of
3D objects and tools for automating the process and
databases from simulated objects. Each object in
virtual reality is accompanied by a texture. Texture
is a picture that simplifies the creation of a 3D object.
Textures can be of different types.

A helmet with sensors is put on the head of the
test operator, which allows one to fully simulate
the signals in 3D format. A sensor connected to the
head scans the operator's head. These data primarily
serve to assess the movement of the projected image
through an eye tracking system [14].

Eye tracking is a technology for tracking eye
movements around an observed object or scene. To
sense these movements without damaging the eyes,
non-invasive technologies using infrared light are
used. Movements are scanned by special cameras
that transmit eye movements to a computer through
data set files [15].

Conclusions

The conducted research on the analysis of
accidents and detailed information on the number,
types and causes of road accidents has shown that
the number of accidents is continuously increasing,
with 65-85% of road accidents occurring due to the
fault of drivers.

Ensuring the reliability of the driver of any vehicle
can be achieved by improving the driver training
system and the implementation of professional
selection. Identification of people with reduced

reliability using professional selection based on
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Figure 8 — Advanced car simulator
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Figure 9 — Functional structure of the car simulator




psychophysiological qualities will in turn reduce risk
levels, and thereby increase the safety of the traffic.
For the implementation of these measures a
simulator concept based on the analysis of the
existing designs of driving simulators was created
to study the psychophysiological characteristics of
motor vehicle drivers. The distinct feature of the car
simulator proposed by our team is that it allows us
conducting studies of the influence of various stimuli
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on a driver's condition by the use of non-invasive
measuring devices.

The use of the proposed driving simulator
will allow identifying and weeding out potential
traffic violators, who may subsequently be the
causes of traffic accidents due to their limited
psychophysiological capabilities, at the stage of
driver training.
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