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Annotation. Problem. The study of the human factor in transport systems is increasingly important,
given the rapid level of motorization and the development of the transport industry in general.
Accordingly, there is a task of ensuring the appropriate traffic safety level. Today, in this area, the
road conditions and the road’s design parameters are usually taken into account, but often miss the
role of the "human factor”. At the same time, with the development of methodologies and technical
items, these issues are partly researched and solved. Thus, during considering issues related to traffic
safety, it is necessary to pay attention to the drivers™ functional state (FS) and psychophysiological
qualities, their reliability, factors of negative impact on their body, etc. Goal. The research aims to
establish how the bus driver's FS changes under the influence of various traffic conditions™ factors.
Methodology. The approaches adopted in the paper, which are necessary to solve the goal, are based
on theoretical and practical principles for determining the indicators of a human's FS during
professional activity, their regulatory values, allowable ranges of change, etc. Results. The obtained
mathematical and graphical dependences take into account the change of transport process operator's
FS under the influence of such factors as the bus’s speed, the altitude of the highway and the duration
of the driver work. The stress index (SI) is selected as the driver’s status indicator. It is established
that its values range from 87 to 342 c.u. It was studied that the increase in speed leads to an increase
in the driver's SI by about 35%. During the statistical data analysis, it was also found that the highest
values of SI were observed on sections of roads at an altitude of 250 - 320 m and 420 - 500 m. At the
same time, during the increase of the driver's work duration, the value of the Sl increased by about
25% and could approach the value of 250 c.u. In accordance with the above, it can be argued that
there is an influence of the driver's driving conditions and work on his FS. Originality. The obtained
regularities reflect the impact of drivers' working conditions on the value of their FS, which affects the
probability of their accident-free operation and, as a result, traffic safety. Practical value. The
obtained results allow the creation of recommendations for developing schedules of drivers™ work and
rest taking into account the traffic conditions on the route and the conditions of driver's work.

Key words: functional state, driver, traffic safety, electrocardiogram, stress index.

Introduction ensure the appropriate level of traffic safety and
reduce the probability of traffic accidents.

The probability of an accident usually de-
pends on the existing preconditions. It includes
complete or partial disruption in the functioning
of the system "driver — car — road — environ-
ment”. While the parameters of the links "car",
"road", and "environment" of this system can be
studied in detail and predicted, the link "driver"
remains the least researched. According to the
statistics of road accidents and existing scientific
articles, it is established that the "human factor"
in transport systems remains the main cause of
accidents on roads. This is primarily because the

Today, road transport plays an important role in
the economy of any country, in particular by
providing the needs for passenger transportation
both within settlements and in long-distance
connections. This is due to the fact that buses
are one of the most common and popular types
of public transport. However, the question of
providing the appropriate transportation ser-
vices' timeliness and quality often arises. Ac-
cordingly, there are some problems of the need
to improve the services™ quality during the im-
plementation of bus transportation. At the same
time, one of the key indicators, in this case, is to
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driver’s actions often influence the traffic safety
of this process™ participants. In turn, the correct-
ness of the driver's decisions in specific road
situations, the duration of his reaction, and the
reliability of his work depend on his body's FS.
Bus drivers have special responsibility for
compliance with traffic rules and creating safe
conditions for the movement of passengers. Dur-
ing work, their body and FS are affected by a
significant number of different factors. Under
such action, the level of the driver's working
capacity and reliability can decrease. In difficult
road conditions, this can lead to losing control
over the transport process and making the wrong
decisions. As a result, it can lead to a traffic ac-
cident. That is why studying the drivers' psy-
chophysiological indicators is an important as-
pect in ensuring the correct functioning of
transport systems. Also, the urgent task is to
identify and eliminate factors that have a nega-
tive impact on the body of transport operators.

Analysis of publications

Today, road transport is one of the critical ele-
ments in ensuring the proper functioning of the
countries” economy. However, during its devel-
opment and the increases in motorization rate,
new problems arise. Also, they need a compre-
hensive analysis and solutions through the use of
modern approaches and equipment. Thus, an
essential task in transport is to ensure an appro-
priate level of traffic safety. Despite several ad-
vantages, road transport needs further improve-
ment, in particular, reducing traffic accidents on
all categories of roads and streets remains rele-
vant [1, 2].

Accordingly, with the increases in motoriza-
tion rate, more and more people are becoming
road users. Accordingly, there are more and
more conflicts between the participants in this
process, which can be a prerequisite for a traffic
accident with varying severity at complicated
road conditions. At the same time, disad-
vantages in traffic management, violation of
traffic rules, inadequate road infrastructure, non-
compliance with the norms of the duration of the
drivers” work and rest, bad weather conditions,
etc. are often the causes of such situations [3, 4].

Based on the processed statistics, the authors
of [4] found that the most common perpetrators
of accidents are vehicle drivers. The main rea-
son for this is their incorrect actions in difficult
and unpredictable road situations [5]. However,
it should be noted that often bus drivers are the
perpetrators of such accidents much less. It can
be explained by the small share of buses in the

overall traffic flow and that drivers are more
responsible for professional activities. In addi-
tion, the important causes of accidents due to the
"human factor" in road transport can also in-
clude the following [6, 7]:

- low drivers™ qualification;

- non-compliance with traffic rules;

- non-compliance with the passengers and
cargo transportation’s regulations;

- lack of proper control over the drivers
work and rest time;

- unsatisfactory physical state of drivers
and technical condition of vehicles.

At the same time, to increase the level of
traffic safety, it is necessary to introduce some
measures:

- improve the parameters of vehicles;

- improve the parameters of roads and elim-
inate its existing dangerous parts;

- establish proper control over compliance
with traffic rules and the process of the driver’s
work organization;

- comply with the requirements for the
driver’s health and physical condition;

- create appropriate working conditions for
drivers.

It should be noted that a significant impact
on the professional activities and reliability of
the driver has FS of his body. This factor affects
the driver's reaction time, processing of infor-
mation, behaviour in different traffic situations,
etc. [5, 8].

The FS of the driver is a complex indicator
that directly or indirectly reflects the interaction
of the organism’s functional systems at the per-
formance of any activity [8, 9]. From the view
of the driver's professional activity, this indica-
tor reflects his ability to perform the tasks set
before him and to adapt to changes in traffic
situations and conditions. In this case, it often
acts as an indicator of the body's response to
emotional and physical stress [8].

I. Afanasyeva in the scientific article [10],
had found that the driver is significantly affected
by the psycho-emotional state and information
flows parameters during his work. They can re-
duce its response to the environmental influence
and, as a result, increase the probability of a traf-
fic accident. This article establishes that the ad-
vertising location in the driver's field of view
and his use of a mobile phone distract him from
performing professional activities. Also, it is
noted, that this duration of distraction from driv-
ing the vehicle can reach values from 0.23 s to
4.77 s.

The importance of the influence of driver’s
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FS on traffic safety is noted by a large number
of scientists in their researches. Thus,
M. Boikiv, in the article [11], notes that FS af-
fects the duration of the driver's reaction at dif-
ferent periods of the day and at varying levels of
roadway lighting. O. Lobashov and O.
Prasolenko in [12] note the influence of the ve-
hicle's technical speed on the change of the driv-
er's FS. These authors use the shift in heart rate
and changes in galvanic skin response as an in-
dicator of FS. This study was conducted within
the settlement in the general traffic flow and
reflects the impact of road capacity ratio and
traffic delays on the driver's FS.

The authors of [13, 14] note the importance
of a psychological selection of drivers and the
impact of their emotional state and personal
characteristics on the reliability of their work. At
the same time, while analyzing the driver's ac-
tivity, it is also necessary to consider such indi-
cators as attention and perception, speed of reac-
tions in different road situations, the process of
thinking, etc.

In [13], M. Afonin noted the importance of
considering the "human factor" in forming the
routes for dangerous goods delivery. This is be-
cause the driver's reliability and his proper FS
determine the conditions for safe execution of
the technological process of transportation. At
the same time, he proposed a method of creating
routes for dangerous goods transportation,
which, in contrast to existing ones, allow taking
into account the driver's FS and the difficulty of
road conditions.

Several other scientists in the studies [15-17]
consider that a number of factors influence the
driver's FS during his work:

- traffic conditions and terrain;

- lighting level, temperature and humidity;

- noise and vibration;

- high-altitude position of the road, etc.

Following the above, it can be argued that
the driver's FS is one of the key indicators,
which reflects the reliability of his work and, as
a consequence, the probability of accident-free
operation. Today, various methods and ap-
proaches are used to study driver's FS. Most of
them are based on the registration of a signifi-
cant number of human's different psychophysio-
logical indicators. Also, the most widely used
electrophysiological methods, in particular, are
the following [5, 8, 9, 13, 15]:

- electrocardiography (ECG);

- electroencephalogram;

- electromyography;

- electrooculogram;

- galvanic skin response.

In transport studies, for the research of a
driver's FS, the ECG recording method and
analysis of its parameters are often used. An
ECG is a recording of changes in electrical po-
tentials that occur due to excitation of the heart
muscle and is displayed in the graphical form
[13, 18]. This technique allows determining the
influence of external factors on the driver's body
and its adaptation to them. In this case, one of
the most informative characteristics obtained
from the ECG recording is heart rate variability
(HRV), which is based on the analysis of heart
rate. It reflects the interaction of the nervous and
cardiovascular systems and the influence of ex-
ternal factors on the human body [13]. The stud-
ies of driver's FS often use stress index (SI),
which can be calculated based on statistics ob-
tained from HRV. The calculation of Sl is car-
ried out with the formula [9, 13]:

S| = AMo
- (2dX -Mo)’ 1)

where AMo — mode amplitude — the value of
mode in percent; dX — variation range — takes
into account the difference between the largest
and smallest value of R-R intervals; Mo — mode
an indicator that reflects the number of R-R in-
tervals that are most common.

According to this indicator, E. Gavrilov di-
vided the driver's FS into the groups [19]:

Table 1. Phases of the driver's FS [19]

Indicators of the

driver's FS as:élsc:]rlr?:znt
Driver’s state Heart .
Sl,cu rate of ope_r_atlng
i ’ conditions
r.u.
Great <30 <003 Unsat!sfacto—
monotony rily
Moderate 30-50 [0.03—0.05] Satisfactorily
monotony
Slight monot- |5, 406 1005010/  Good
ony
Functional 136, 160/0.10- 016  Well
comfort
Tension of
adaptation 160 —200{0.16 — 0.20 Good
mechanisms

Overvoltage

of adaptation {200 — 300|0.20 — 0.30| Satisfactorily

mechanisms

Failure of )
adaptation. > 300 >0.30 Unsa:;ffa‘:to'
stress y
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The value of Sl is expressed in c.u. Its rate
ranges from 80 to 150 c.u. Sl is sensitive to any
load, and a slight emotional or physical impact
increases this indicator in 1.5-2 times and signif-
icant loads — in 5-10 times [13].

Purpose and Tasks

The research aims to identify the pattern of
changes in the driver's FS while driving a bus
under various traffic conditions factors. To
achieve this, it is necessary to solve the follow-
ing problems:

- to analyze bus routes on which research
of the driver’s FS will be carried out;

- to conduct research of the bus drivers’
HRV and to establish necessary values for the
further calculation of Sl;

- to make records concerning geolocation
of the vehicle and its speed during measure-
ments of the drivers™ FS indicators;

- to establish regularities of the driver's Sl
change depending on the bus speed, height posi-
tion of the road and duration of his work.

Conditions of the driver's functional state
research

The following factors were selected as indica-
tors of influence the driver's FS that need to be
investigated:

- speed of the bus;

- high-altitude position of the road;

- duration of the driver's work.

The study of drivers' FS was carried out on
four bus routes, the parameters of which are giv-
en in Table. 2.

Table 2. Parameters of bus routes

The A Duration
length of | number Movement
Route of .
the of bus interval,
number movement, .
route, stops, h min
km units
1 201 60 6.58 35
2 195 46 6.75 40
3 253 56 6.25 25
4 202 51 7.24 90

On the above-mentioned routes run buses of
brand "Etalon". Drivers’ age was in diapason
from 32 to 55 years and driving experience from
10 to 35 years.

The buses” speed was recorded using a
"Garmin Dash Cam 56" video recorder. Also,
this device was used to register the geolocation
of the vehicle. The obtained statistical data were
analyzed in the laboratory. The obtained coordi-
nates were used to determine the bus’s high-
altitude position in different periods of time. In
this case, the online resource "Elevation Maps"
was used (Fig. 1) [20]. The value of the altitude
at which the vehicle is located affects the driv-
er's FS, which may change his physical and
mental performance.
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= - ==}
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368.254

Fig. 1. Fragments of the online resource "Elevation Maps" interface [17]
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To create a graph in the online resource "El-
evation Maps", which reflects the change in the
high-altitude position of the road, it should be
entered at least two points.

As for the registration of the driver's HRV,
which were later used to calculate the SI, they
were obtained using the device Polar H10. It
works via Bluetooth with a smartphone on the
Android platform. The HRV lite mobile applica-
tion was used to record this data. The analysis of
input data for the calculation of the drivers™ Sl
was carried out in laboratory conditions.

The results of the driver’s FS study

As mentioned, the Garmin device was used to
record speeds at intervals of 1 min. Registration
was carried out through the whole route of the

300
250

200

SI, cu.

150

100

50

20 30

T

40

bus. During the same period, HRV readings
were recorded using a Polar H10 device with
similar intervals. The obtained values were pro-
cessed in the MS Excel software and, based on
this, the Sl values were calculated by the (1).
The obtained data are displayed as a graphical
dependence, which is shown in Fig. 2.

Using the obtained data about the bus's posi-
tion coordinates in certain periods of time and
using the online resource "Elevation Maps", the
value of the high-altitude position of the road
had been set. Similar to the previous part of the
research, the HRV of drivers was recorded dur-
ing this study. Based on this, the dependence of
the driver's SI change on the road's high-altitude
position is established (Fig. 3).

50 60 70 80 90

Speed of movement, km/h

Fig. 2. Change of the drivers™ Sl under the influence of the bus movement speed

Another indicator that was taken into account
in these studies was the duration of drivers
work. It affects the reliability of his work and
the probability of error-free operation in the dif-
ferent conditions of movement. In this case, the

350

300

50

250 300 350

researches were carried out on a common sec-
tion of the routes — from Lviv to Sambir cities.
The average duration of movement, in this case,
ranged from 65 to 70 min. The established de-
pendence of the change in Sl is shown in Fig. 4.

400 450

Road’s height position, m

Fig. 3. Change of the drivers™ SI under the influence of the road’s high-altitude position
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Fig. 4. Change of the drivers™ Sl under the influence of his work duration

According to the data shown in Fig. 4, bus
drivers were usually in a state of the adaptation
mechanisms™ tension at the beginning of the
working period. At the same time, after the start
of the driver's work, the value of his Sl in-
creased by about 25% and could approach the
value of 250 c.u.

Discussion of the study results

Based on the conducted research, the HRV indi-
cators used to calculate the drivers™ Sl are estab-
lished. Accordingly, to this, graphic (Fig. 2-4)
and mathematical dependencies were created.
Thus the change of driver's SI depending on the
bus’s movement speed has such mathematical
expression:

SI =-0.0124V?* +1.7391V +151.23, (2)

where V — bus speed, km/h.

The coefficient of determination value of the
dependence given in formula (2) is 0.74. Given
the fact that transport systems are quite probabil-
istic, this value can be considered as acceptable.
Also, from the data shown in Fig. 2, it is estab-
lished that at lower values of the bus's speed, the
driver's Sl is lower and increases with increasing
speed parameters. This confirms the effect of
speed on the driver's FS, as its growth requires
more attention from the operator. At the speed
of the bus 0, passengers were boarding and
alighting, and the driver's body in these condi-
tions was able to restore its resources for adapta-
tion.

The change of driver's Sl depending on the
road’s high-altitude position has such mathemat-
ical expression:

SI =0.0082H2 —5.9973H +1263, (3)

where H — the road’s high-altitude position, m.

The coefficient of determination value of the
dependence given in formula (3) is 0.78. From
the data shown in Fig. 3, it is established that the
driver's body was in a state of stress and over-
strain of adaptation mechanisms. In such condi-
tions, the Sl values were observed on sections of
roads that were at an altitude of 250-320 m and
420-500 m. This is due to the fact that in the
first case, the road passed through transitional
settlements, and the distances between them
were small. This required the driver to pay more
attention. Instead, road conditions became more
difficult in the second case, and visibility dis-
tances decreased, frequent changes in the road
plan and profile appeared, etc.

The change of driver’s Sl depending on the
duration of his work has such mathematical ex-
pression:

SI =0.0166T > —0.3845T +189.68, 4)

where T — duration of driver’s work, min.

The results of the study indicate that the du-
ration of work significantly affects the driver's
Sl. Accordingly, it can be concluded that the
driver's working time should be organized, tak-
ing into account his FS and working conditions.

Conclusions

The research of the bus driver's FS was carried
out on long-distance routes that had similar pa-
rameters. During the analysis, the routes length,
number of transport stops and duration of the
movement was taken into account. This study
involved drivers aged from 32 to 55 years and
with more than ten years of driving experience.
The Polar H10 device was used to study
drivers' FS. This made it possible to record the
values of HRV. This data was digitized using
the online resource "Cardio Mood" and pro-
cessed in the Microsoft Excel software. There
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were taken into account only that HRV indica-
tors which are necessary to determine the driv-
er's Sl.

After analyzing the obtained values of SI, it
was found that it ranged from 87 to 342 c.u.
Based on the collected data, graphic and math-
ematical models were created. They show the
change of the bus driver's SI depending on the
following factors: the speed of the bus, the
road’s high-altitude position, and the duration of
work.

The obtained dependencies allow creating
recommendations about the need to take into
account the conditions of the driver's work
while creating schedules of his work and rest.
This will reduce the negative impact of external
factors on the bus driver’s FS and, as a conse-
guence, increase the reliability of his work and
reduce the probability of traffic accidents ap-
pearance.
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YmoBu pyxy aBTo0yca Ta ix BIJIMB Ha
¢yHkuionaJbHu cTaH BOIs

Anomauin. Ilpodnema. Jlocniodcenns wuHHUKAa 110-
OUHU Y MPAHCNOPMHUX Cucmemax Habyeaoms 6ce
Oinbwol  akmyanbHOCmi. 6paxo8yiouUu  3pOCMAHHS
Di6H asmomoOinizayii ma po3eumox mpaHcnoOpmHol
eanysi saeanom. Bionogiono oo ywoco nocmae 3a-
60aHHs. WOO00 3a0e3NeUeHHsl HANeICHO20 DIGHs bes-
nexu pyxy. Ha cvoeooui y yiil cghepi 3azeuuail nep-
wo4ep2060  8pPAXOEYIOMb  0COONUBOCMT  OOPOICHIX
VMO8 ma KOHCMPYKMUBHI napamempu asmomodinb-
HUX 00pie. npome Yacmo ynyckaiomo pons «@akmo-
pa moounuy. Ilpu ybomy. 3 po36UmMKom Memoooaozitl
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ma MmexHiuHux 3acobie. yi NuUmMauHs ni00aAMbCs
docnioxdceHHAM ma yacmkoso eupiuyiomscs. Takum
YUHOM. IO Yac po3enady NUMans wooo 3abe3neyeH-
Hs 6e3neKu 00PONHCHbO2O PYXY. HeOOXiOHO Npudiiamu
snayny yeaey ®C ma ncuxo@izionocivhum aKocmsm
600Ii8. HAOIUHOCMI POOOMU. YUHHUKAM HEe2AMUBHO20
6nu8y Ha ix opeanizm mowo. Mema. Memoio pobo-
mu € ecmanogienus 3axonomipnocmi 3minu @C 6o-
0ist AKUU Kepye agmoOycom nid NaUOM Pi3HUX YUH-
HuKie ymog pyxy. Memooonozia. Iputinsmi ¢ pobomi

nioxoou. AKi HeoOXIOHI ONid eupiUeHHs NOCMABIEHOT

Memu. 6a3yI0MbCs HA MeoPeMmuyHUX ma NPAKMUYHUX
3acadax wjooo eusnavenus nokasnukie @C nr00unu
nio Yac UKOHAHHA Npoecitinoi disnbHOCmi. iX HOp-
MAMUHUX 3HAYEHb. OONYCMUMUX OIANA30HI8 3MiH
mowo. Pesynomamu. Ompumani mamemamuyui ma
epagiuni 3aNeHCHOCMI 6PAX08YIOMb  GNIUE MAKUX
YUHHUKIG K WEUOKICMb PYXy aemobdyca i ucomHe
HONOJICEHHST A8MOMOOINbHOI dopocU ma mpuganicmo
pobomu 600is. na @C onepamopa ybo2o Mpancnop-
muoco npoyecy. B sxocmi inouxkamopa cmamny 600is
obpano IH. Bcmanosneno. wo 6 yux ymoeax uozo
3HAYEHHs KOIUBAIOMbCA 8 mMedicax 6i0 87 do 342 y.o.
Buseneno wo 3pocmanna weuoxkocmi pyxy npusgo-
oums 0o niosuwjennss TH 600iss npubauzno na 35%.
Ili0 uwac awaniz cmamucmuyHux OAHUX. MAKONC
8CMAHOBNEHO. Wo Halbinbwi 3navenns IH cnocmepi-
eanucsi Ha OinsiHkax oopie Ha eucomi 250 — 320 m ma
420 — 500 m. nao pisne mops. Ilpu 3pocmanni mpu-
eanocmi pobomu 600is. snauenns IH 30inbwysanocs
npubauzno na 25% ma mo2no nabaudxcamucs 0o 3Ha-
uyenns y 250 y.o. Bionogiono 00 euwye3asnaienozo.
MOJMCHA CMBEPONCYBAMU  HAABHICMb 6NIUBY YMOB

pyxy ma pobomu 600is na uoco @C. Opuzinaiv-
Hicmb. Ompumani 3aKkoHoMipHOCMI 8i006padcaromo
8N1U8 YMO8 npayi 800is Ha nokazuux tioco OC. axuil
V 3HAHI Mipi 6NIUBAE HA UMOBIpHICb De3a8apiliHol
OisLIbHOCMI MA. K HACAIOOK. HA De3neKy cix yuac-
HUKI@ 00podicHbo2o pyxy. Ilpakmuune 3naueHnus.
Ompumani pesyromamu 00360J5110Mb CMEOPIOGAU
pexomenoayii. }ooo epaxysanHs ymMo8 pyxy Ha map-
wpymi ma pobomu 800is nid 4ac cmeopenHs epagi-
Ki6 11020 pobomu ma 6iONOYUHKY.

Knwuoei cnosa: ¢ynkyionanvuuti cman. 800iil. ymo-
8U PYXY. eNeKMPOKAPIIOepaAMA. THOEKC HANPYHCEHHSL.
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