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AN INFLUENCE OF MOUNTAINOUS TRAFFIC CONDITIONS
ON THE FUNCTIONAL STATE OF A BUS DRIVER

Summary. Ensuring the transport process requires proper interaction of all parts of the
system “driver — car — road — environment” and its subsystems. In this case, the driver is often a
“weak” component of the system, and his actions can reduce the level of road users’ safety. It
should be noted that the reliability of the driver can be considered as the probability of his trouble-
free and error-free operation, as well as the proper level of his regulatory mechanisms functioning.
In this case, to analyze the activities and readiness of the driver for his professional activities,
indicators of functional status are often used. Thus, the study of the “human factor” in the transport
process is an important task to ensure the reliability of the whole transport system.

Today the most of all transportation is carried out by road. The timeliness and safety of cargo
delivery and passenger safety depend on the driver's actions. At the same time, the driver is
influenced by a considerable number of external environmental factors during his work. One of the
most important factors is the mountainous traffic conditions, which often have many changes in plan
and the profile of roads. Another feature of such traffic conditions is the height above sea level,
affecting the human body, particularly its functional state.

Considering the above, the paper measures the heart rate variability of bus drivers moving on
a route that was partly in the mountain's conditions. During the research, video recording and
registration of the vehicle's geolocation were also carried out. This made it possible to establish
indicators of the driver’s functional state in specific periods. After processing the obtained values,
the influence of mountainous traffic conditions on the bus drivers’ indicator of regulatory systems’
activity was established.

Key words: functional state, driver, bus, mountainous traffic conditions, traffic safety,
reliability of the driver, an indicator of regulatory systems’ activity.

1. INTRODUCTION

The driver is the leading and controlling part of the “driver — car — road — environment” system.
Therefore, road safety depends on his proper operation. In turn, his behavior is influenced by the functional
state of his body. The functional state is often reflected in the form of indicators that carry information
about the body's energy reserves. Accordingly, this indicator can be used as data on the readiness of the
operator to perform his professional tasks. The concept of functional state is often used in sports medicine
to identify the early stages of fatigue in athletes and their functionality. However, scientists consider the
functional state as an indicator of a person's mental state. This is since different mental states of the human
body are a phenomenon that reflects its interaction with the environment, which is represented at some
point by a specific situation [1-3].

In transport studies, functional status can be considered as a factor influencing driver behavior and,
consequently, the likelihood of a traffic accident. In this case, this indicator may reflect the effective side
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of the driver's activity. Accordingly, studying the human factor in the system “driver — car — road —
environment” [2, 4] is becoming increasingly necessary.

2. RESEARCH STATEMENT
The article aims to identify changes in the bus driver's functional state whose route runs through
mountainous traffic conditions. To achieve this, the following tasks are accomplished:

— to analyze methods of the driver's functional state research and to choose the corresponding
necessary equipment;

— to analyze the altitude values of the road through which the bus's route runs;

— to carry out full-scale measurements of the driver's heart rate variability and video recording of
conditions in which the bus moves;

— to analyze the data obtained and to establish the dynamics of changes in the bus driver's
functional state moving on roads in mountainous conditions and beyond.

3. TRAFFIC CONDITIONS AND THEIR IMPACT ON
THE RELIABILITY OF THE DRIVER

Researchers have repeatedly noted that the parameters of the driver's activity largely depend on his
functional state. Therefore, during transport research of this type, special attention is often paid to the
person (driver), who uses the appropriate equipment and has the efficiency and reliability of activities in a
specific environment. This indicator can also be displayed as a traffic safety indicator. In this case,
quantitatively, it is often reflected in the following values [5]:

—  operating time;

— operating time for failure;

— total operating time.

When considering the probabilistic indicators of the drivers® work reliability, they are often reflected
as follows [5]:

— the probability of trouble-free operation;

— probability of failures;

— the intensity of work.

Also, scientists reflect the reliability of the driver's work in the form of the ability to control the
vehicle without error during the entire period of operation in any road conditions. At the same time, the
following important factors that establish the reliability of the driver should be identified, in particular: the
level of efficiency, his preparedness for critical situations, and professional suitability. Accordingly, the
study of these indicators and their constant monitoring will increase road safety [6].

Other studies on the driver's reliability indicate the relationship of this indicator with the quantitative
characteristics of his cardiovascular system functionality. The following main factors often affect the
infallibility of the driver [7]:

— driver's suitability to drive a car;

— preparedness;

— efficiency.

It is known that the reliability of the driver is affected by the highway's volume-capacity ratio. As
the load level increases, the driver gets tired faster, and the reliability of his work decreases. Accordingly,
it is necessary to consider the parameters of traffic flows while planning the work of drivers. Thus, the
reliability of the driver's work affects both the road safety of the participants in this process and the
operation of the system “driver — car — road — environment” in general. At the same time, changes in the
driver's reliability are often associated with changes in his functional state. This indicator is considered as
an opportunity to perform specific tasks in different conditions. Also, it is established that with the change
of human's functional state, the reaction time changes in different road situations, the distribution of
attention between different objects of the transport process changes, the probability of erroneous actions
increases, etc. [8—10].
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Following the above, we can conclude that the functional state of the driver is an essential indicator
of his work reliability and can be used as an indicator of the system's “driver — car — road — environment”
failure probability. Thus, the study of psychophysiological indicators of the driver and their impact on road
safety is a topical issue today. Concerning the methods of studying the driver's functional state, today in
transport research often use the following [11]:
electrocardiogram (ECG);
electroencephalogram;
electrooculogram;

— skin galvanic reaction.

The choice of research method often depends on the conditions in which the measurements will be
made, the available equipment, and the measurements' duration. However, the most popular of these is
ECG recording. They are obtained by recording the changes in electrical potentials that occur due to the
excitation of the heart muscle. In this case, the indicator obtained from the ECG recording, which is most
often used in transport studies, is heart rate variability (HRV). This indicator reflects the adaptation of the
organism to environmental conditions and external factors [12]. The calculation of this indicator is based
on the analysis of R-R intervals of ECG recording (Fig. 1).

| R-R interval |
-

Fig. 1. R-R intervals in the fragment of the ECG recording

Today, various indicators are used which can reflect the functional state of the driver. One of these is
the indicator of regulatory systems’ activity created by R.M. Baevsky [13]. The input data for the
calculation of this indicator are the following values of HRV:

— mathematical expectation (M, rNN) — an indicator that reflects the final result of the impact on

the cardiovascular system as a whole;

— standard deviation (8, SDNN) — one of the main indicators of HRV, which characterizes the

state of regulatory mechanisms;

— mode (Mo) — an indicator that reflects the number of R-R intervals that are most common;

— variational range (BP, dX) — reflects the difference between the largest and smallest values of R-

R intervals;

— mode amplitude (AMo) — reflects the proportion of cardio intervals that correspond to the value

of mode;

— coefficient of variation (CV) — a normalized estimate of the standard deviation;

— spectral power in the very-low-frequency range (VLF);

— spectral power in the low-frequency range (LF);

— spectral power in the high-frequency range (HF).

P=|4+|B|+|C|+|D|+|E

, (1

where A4 — the total effect of the regulation (expressed through changes in rTNN); B — automation function
(expressed through changes in SDNN, dX, CV); C — vegetative homeostasis (expressed through changes in
dX, AMo, IH); D — stability of regulation (expressed through a change in CV); E — the activity of nerve
centers (expressed through changes in VLF / TF, LF / TF, HF / TF).
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Quantitative characterization of this indicator is obtained based on HRV analysis and the activity of
the cardiovascular system in general. The obtained values are displayed on points from 1 to 10 and reflect
the following states of the human's body [14]:

— 1, 2, 3 — the state of regulatory systems within the optimal tension, which is necessary for the

interaction of the human body with the environment;

— 4, 5 — moderate stress, at which the body needs additional functional reserves to adapt to
environmental conditions. The state of the body is observed during adaptation at the beginning
of the working day to work and emotional stress;

— 6, 7—pronounced stress of regulatory systems, which mobilizes the body's defense mechanisms;

— 8,9, 10 — the state of regulatory systems™ depletion, failure of adaptation. The state of the body
is characterized by a decrease in the activity of regulatory mechanisms and there is accumulated
fatigue and nervous tension. Protective and adaptive mechanisms of the body do not cope and
can not respond to external factors.

Traffic conditions are one of the main factors influencing the functional state of the driver and, as a
consequence, the reliability of his work. Different scientists divide the general conditions of motion by
different criteria. However, the most common options take into account traffic and its features. Thus, all
traffic conditions can be divided into the following:

— movement of the vehicle within the settlement;

— movement of the vehicle in mountains;

— movement of the vehicle in the plains terrain.

Each type of the above traffic conditions has its characteristics and certain factors influencing the
driver and his activities. This is because traffic conditions can often be reflected through the transport and
operational levels of roads. After all, they affect the performance of the subsystem “raffic flow — road
conditions” in particular [15]:

— intensity;

— density;

—  speed;

— level of traffic safety;

— road or street capacity, etc.

Traffic conditions are a significant factor influencing the functional state of the driver because their
abrupt change can lead to excessive stress and untimely or erroneous decision-making by the driver. In articles
[16, 17], the authors note that the influence of traffic conditions on the driver can be due to the following:
elements of the street or road that have a direct impact on driving;
weather conditions;

vehicles moving in the forward and reverse direction;

— objects that are not related to traffic, but the driver pays attention to them.

Based on the above, it is possible to conclude the need to consider traffic conditions while studying
the functional state of the driver. In particular, the factors influencing the reliability of the driver must first
include the area in which the vehicle is moving. Thus according to the results of the existing researches
analysis, it is established that conditions of movement in mountainous terrain carry out the greatest
influence on the driver's organism during its work. Accordingly, the study of the dynamics in the driver's
functional state changes in such traffic conditions is relevant and requires detailed investigation.

4. INVESTIGATION OF THE BUS DRIVER'S FUNCTIONAL STATE IN
MOUNTAINOUS TRAFFIC CONDITIONS
To study the functional state of the driver's body, the method of ECG recording analysis was chosen,
in particular, to obtain the necessary HRV indicators, which are then used to calculate the indicator of
regulatory systems' activity. Polar H7 was selected as a device for recording the required input data
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(Fig. 2). It carries out continuous registration of HRV values only. This device has sensitive sensors and, as
a consequence, performs a more accurate recording of R-R interval data. It should be noted that it is
portable and placed directly on the body of the subject.

Fig. 2. Polar H7 device for driver HRV
registration

Also, the advantages of using the Polar device include the fact that it doesn't create discomfort for
the drivers during the research, and recording can be done online on a mobile device with a Bluetooth
adapter. In this case, according to the scientific article [18], when studying the functional state of drivers
using the Polar device, you should use the following software: HRVxt, HRV monitor, HRV lite, etc.

The study of HRV indicators was carried out passively — no influence on the driver's
activity was carried out. At the same time, experimental research was previously carried out,
which provided that:

— the main objectives of the study are to measure the R-R intervals of drivers who drive

buses in mountainous traffic conditions;

— to establish the dynamics of changes in the indicators of the drivers’ functional state in
mountainous traffic conditions, it is necessary to measure similar indicators while
driving in plains conditions

— during research, it is necessary to use the Polar
H7 device and the HRV lite mobile application (Fig. 3);

8:54

CardioMood — video recording and geodata registration devices
NEWS  PROFILE NEW  HISTORY must be used to record traffic conditions;
_ — — based on the received data, it is necessary to create a
LEO.F6:10:6/ data bank that will be processed in the laboratory;
el 01:08 — based on indicators of the drivers™ functional state,
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it is necessary to establish the corresponding graphic and
mathematical dependencies.
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MM 044 __00:4 0104 — placement height up to 600 m. above sea level,
G 7 tortuosity index up to 0.55 (plain conditions);
Fig. 3. CardioMood HRV lite mobile — placement height over 600 m. above sea level,

application interface tortuosity index greater than 0.55 (mountainous conditions)
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Fig. 4. Altitude values of the road’s position through which the studied route runs

According to the above, approximately 20 % of the route runs in mountainous traffic conditions.
Thus, the general indicators of a route on which buses’ drivers' functional state was researched are shown
in Table 1.

Table 1

General indicators of the bus route on which researches were done

N Name of indicators Quantitative indicators of the direction
forward reverse
1 Length of the route, km 247 247
2 Movement duration, hours, minutes 290 290
3 Stops, number 27 27
4 Bus stations, number 2 2
5 Dispatching and control points Available Available
6 Availability of equipped platforms for reversal Yes Yes
of buses at the endpoints of the route

Buses BAZ A079.24 run on the studied route. These vehicles were equipped with a Garmin Dash
Cam 45 device that recorded instant speeds and video in different driving conditions. In this case, the
video, which was processed in the laboratory, provided data on date, coordinates, time, speed, and
geolocation. All this information was stored on a microSD memory card.

The study of HRV indicators required to calculate the indicator of regulatory systems’ activity of
drivers was carried out using the above-mentioned portable device Polar H7 and CardioMood HRV lite
software. At the same time, the established data was distributed during the bus movement in the forward
and reverse directions of the traffic route. The calculation of the indicator of regulatory systems’ activity
value of drivers who drove a bus on the studied route was carried out according to formula (1). The
software environment Microsoft Excel was used to systematize the obtained values and create appropriate
graphical (Fig. 5 and Fig. 6) and mathematical dependencies.

After analyzing the values of elevations (Fig. 4) and video recording data, the range of values of the
drivers’ indicator of regulatory systems’ activity was established:

According to the results of research, a mathematical model of changes in the functional state of bus
drivers was obtained:

— the forward direction of the traffic route:

PF=—9-10_5-t2+0,0458-t+P]—0,8113, )
where P — the final value of the indicator of driver's regulatory systems’ activity, points; ¢ — duration of

movement, min.; P;— the initial value of the indicator of driver's regulatory systems’ activity, points.
— the reverse direction of the route:

Pr=-2-10"0-12~0,008-1% +0,1028-1 + P, +1,1054. 3)
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Fig. 5. Dynamic of the drivers’ functional state change who drove
the bus on the route in the forward direction
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Fig. 7. Determination of the influence of mountainous traffic conditions
on the value of bus driver’s functional state

Thus, on average, the following traffic conditions were observed at:
— in the forward direction from 160 minutes. up to 210 minutes;
— in the reverse direction from 70 minutes. up to 120 minutes
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Thus, it was found that in the forward and reverse directions in mountainous traffic conditions, the value
of the indicator of regulatory systems’ activity of drivers can reach the value of 7—8 points, which corresponds
to the state of overload of regulatory systems. In this state of the driver, the reliability of his work is reduced,
and his body is not fully able to adequately respond to external factors. It should be noted that in the reverse
direction at the beginning, the driver's indicator of regulatory systems’ activity increases rapidly due to the entry
of his body into working conditions and adaptation to mountainous traffic conditions.

5. CONCLUSIONS

1. The study of the mountainous traffic conditions' influences on the bus drivers' functional state is
carried out. At the same time, during the measurements, the research conditions were taken into account, in
particular, the height position of the road on which the bus was moving, the radiuses of the road plan, etc.
Also, one of the preparation stages for the study was the main existing methods' analysis of collecting the
roads” characteristics and indicators of the drivers' functional state.

2. The researches of transport streams parameters with the use of photo and video equipment are
carried out. The obtained values were analyzed in the laboratory. The intensity and composition of the
traffic flow, the duration of the bus movement, the altitude values of the road's position, etc., were
established. Also, using the Polar H7 and the CardioMood HRYV lite software, HRV indicators were
determined. These made it possible to calculate the value of the indicator of regulatory systems ’activity of
drivers during their work. This indicator ranged from 2 to 9 points.

3. According to the established data, the values of the reliability of the approximation R* are
determined. Its values range from 0.78 to 0.85 units. Mathematical and graphical dependencies are also
identified, which reflect the dynamics of changes in the indicator of regulatory systems’ activity of bus
drivers while driving in the plains and mountains. Mountainous traffic conditions were observed in the
range of 160 minutes up to 210 minutes in the forward direction and from 70 minutes up to 120 minutes in
the reverse direction. It was established that such traffic conditions significantly affect the dynamics of the
driver's indicator of regulatory systems’ activity, which can change by 1.3—1.7 times. Following the above,
it is necessary to create schedules of the drivers' work and rest, considering the special conditions in which
the vehicle will move and the driver will work.
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BIIVIUB I''PCBKHUX YMOB PYXY
HA ®YHKIIOHAJIBHAM CTAH BOJISI ABTOBYCA

Anomauia. 3abe3neyenHs mMpaHCNOPMHO20 Npoyecy NOMpedye HANEHCHOT 83aEMO0Ii 8CIxX
JIAHOK cucmemu “‘600itl agmomobine — dopoea — cepedosuue’” ma il niocucmem. Y ybomy eunaoxy
600i1l uacmo eucmynae “‘ciadkor”’ ckiado8orw cucmemu, a io2o Oii MOXNCYMb NPu3eo0umu 00 3Hu-
JICEHHSI PIBHS Oe3neKU YUACHUKIE 00POodICHb020 pyxy. Tpeba 3aznauumu, HadiuHicmb pobomu 800is
MOACYMb PO32A0AmMU SIK UMOGIPHICIb 11020 0€36i0M068HO20 MA Oe3NOMUNK0B0I pobomuU, a MaKo’C
K HANeHCHUL Pi6eHb DYHKYIOHYBAHHS 1020 pe2yissmopHux mexanizmie. Yacmo, ¢ maxomy pasi, ons
amanizy OBSUIbHOCMI mMa 20MOGHOCMI 600isi 00 NPOPeciliHol 1020 OiNbHOCMI, BUKOPUCTIOBYIOMb
NOKA3HUKU (YHKYIOHAnbHO20 cmany. Takum YuHoM, 00CTIONCEeHHs TOOUHU-0Nepamopa y mpauc-
HNOPMHOMY NPOYeCi € BANCIUBUM 3A8OAHHAM w000 3aOe3nedenHs HAOIUHOCI (DYHKYIOHYBAHMHSA
MPAHCHOPMHOL cUCmeMu 3a2aioM.
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Cb0200HI 1€608a HACMKA BCIX NEPEBE3CHL K Y MENCAX HACENEeH020 NYHKMY, MaK i 3a Mmedica-
MU, 30TUCHIOEMbCS came asmoMoOiibHuM mpancnopmom. Bio 0itl 600is 3anesxcums ceoe€HacHicmo
ma 36epediceHicmb docmasKku eawmaicie ma Oesnexa nacaxcupie. I1i0 uac pobomu Ha 600is
BNIUBAE 3HAYHA KINbKICMb YUHHUKIE 8NAUSY 308HiUHb020 cepedosuiyd. OOHUM 3 HAUBAZOMILUUX €
YMO8U PYXY 8 2IpCbKill Micyesocmi, 8 AKIU 4acmo CROCMePieacmbCsl 3HAYHA KIIbKICMb KPUBUX 5K )
niawi, max i ¢ npogini aemomoodinvrux dopie. Il]e 00HOW 0cobAUBICMIO MAKUX YMO8 PYXY € GUCOM-
He NOJIOXMCEeHHs HAO pIBHeM MOps, AKe MAKONC 6NIUBAE HA Op2aHiZM JNI0OUMU, 30Kpema Ha ii
@yHKYioHaTbHUL CMAH.

Bpaxoeyiouu euweszasnauene, y pobomi 30iliCHeHO 3amipu NOKA3HUKIE 6apiabeibHOCmi
cepyeso2o pummy 800iie asmobycie, SKi pyxXamiucs Ha Mapupymi, wo Yacmkos8o npojisieas y 2ipcoKill
micyesocmi. ITi0 uac HamypHux 00CIiONCeHb MAKONC 30TUCHIOBANACS 8i0eoixkcayis ma peecmpayis
2€0NO0JI0JICEHHS MPAHCHOPIHO20 3ac00y. Lle 0ano 3m02y cmanosumu NOKA3HUKY QYHKYIOHATLHO20
cmany 600is1 Y KOHKpemHuil 0ocnioxcysanuii nepiod. Ilicis onpayiosanHs OMpUMAaHUX 3HAYEHb
B8CMAHOBNEHO GNAUG 2IPCLKUX YMOE PYXY HA 3HAYEHHSA WNOKA3HUKA AKMUGHOCMI pecyIAmOpPHUX
cucmem 800iis asmoobycie.

Knrouoei cnosa: ynxyionanvuuii cman, 600ii, asmobyc, 2ipcoki yMosu pyxy, besneka pyxy,
HaOIHicmb pobomu 800is, NOKA3HUK AKMUSHOCTE Pe2Y/ISIMOPHUX CUCTIEM.



