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SURVEY OF DRIVER'S FUNCTIONAL STATE CHANGE,
CONSIDERING MOVEMENT THROUGH MOUNTAIN PASSES

Summary. According to traffic accident statistics, the main causes are violations of traffic
rules. Based on scientific research, it is clear that the main reason for these events is the drivers'
incorrect assessment of the road situation and their inadequate response. Assessing road conditions
depends on drivers' qualifications, skills, work experience, reaction time, and other physiological
factors. The functional state of drivers is important to consider. It reflects their ability to work
reliably and affects both fatigue levels and how fatigue builds up. Factors that impact decision-
making speed and quality are crucial when evaluating the risks of the transportation process,
particularly those associated with human behavior. This study investigates the safety of freight
transportation for drivers, road users, third parties, and the environment. The study focuses on road
traffic characteristics in mountainous conditions at high altitudes. The study aims to analyze how
drivers' performance is affected while navigating challenging sections of mountain roads in the
Ukrainian Carpathians. Four different routes will be examined. The research will provide graphic
analysis of the results. It will show the main patterns of changes in drivers' functional state based on
the route's complexity. The research aims to analyze indicators of drivers' functional state and their
impact on their performance reliability. It allows for a more detailed evaluation of transport routes
and planning of truck drivers' work and rest schedules on suburban routes.

Key words: stress index, functional state, mountainous terrain, highway, freight transportation,
human factor.

1. INTRODUCTION

Currently, there is a decreasing amount of scientific research on how human behavior affects traffic
safety. Many international scholars are now studying autonomous vehicles like cars, buses, and trucks. In
many countries, the driver's role in transportation safety will continue to be important for the next decade.
Delays in deploying technology and high transportation costs hinder autonomous driving.

Within the traffic system, the driver is the least studied element responsible for controlling certain
aspects of this system. Therefore, the relevance of research in this field is unquestionable. Despite some
scientific findings by domestic [1-2] and international researchers [3-4] on the influence of human factors
on road safety, there is a need to explore this area.

2. RESEARCH STATEMENT
Research focusing on assessing the psychophysiological characteristics of drivers is widespread in
Latin America, China, and Europe [4-6]. One of the most valuable results is the datasets accessible in
PhysioNet SRAD (drivedb) [7]. This dataset comprises over 1000 cases of vehicle operation under varying
stress levels. The objective of many studies is to measure changes in driver stress across different road
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conditions and compare them with the results available in PhysioNet's SRAD (drivedb). An example of
output from such a database is illustrated in Fig. 1.
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This dataset is notable for being a benchmark to differentiate stress levels in three scenarios:

3) city driving;

4) highway driving;

5) resting state.

When discussing different research conditions, referring to the drivedb dataset may not always be
appropriate, as there is a lack of clarification regarding road altitude or weather conditions.

Unlike in [8], the functional state indicator (FS) may not be simply the heart rate but rather the
intervals between heartbeats (RR), as shown in Fig. 2 and explained in [9].
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Fig. 2. Determining drivers' stress
levels using electrocardiography
based on RR interval analysis [9]
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Movement under non-standard conditions and its impact on changes in drivers' psychophysiological
indicators have also been investigated. For example, in studies [10-11], driving in mountainous terrain was
examined based on observations of driver attention. These studies primarily focused on identifying patterns
of fixation point distribution during movement along horizontal curves.

The most relevant study to this investigation, as presented in [12], involves analyzing changes in
drivers' fatigue indicators during movement at high altitudes (Fig. 3).
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Fig. 3. Experimental route layout (a) and altitude profile graph (b) [12]

This study was conducted on roads in China that traverse high-altitude mountain ranges at elevations
ranging from 3500 to 4800 meters above sea level. The researchers aimed to determine the impact of
atmospheric conditions (air pressure) on drivers.

Researchers in Ukraine conducted a study [13] to examine how drivers' FS changes at various
altitudes in the Carpathian Mountains. However, instead of using a comprehensive metric, they focused on
heart rate frequency as an indicator of stress for the drivers.

The importance of studying the psychophysiological characteristics of driver performance is
confirmed in the referenced studies. Nonetheless, significant differences were observed compared to this
research, such as the altitude range in [12] and the insufficiently informative nature of FS change indicators
in [13]. The professional characteristics of drivers, the type of vehicle being driven, and the range of
measurements are also pertinent. This article proposes short measurement ranges to focus on overall driver
fatigue levels and on peak stress levels arising from challenging road conditions in the Ukrainian
Carpathian mountain passes at 800-1000 meters above sea level. The relevance of the article's topic and
scientific direction can be emphasized, considering previously obtained results and their deviations from
expectations.

Based on the analysis of the current state of research, this study’s objective is to identify patterns of
change in drivers' FS when traversing low-altitude mountain passes.

The study focuses on light-duty truck drivers navigating mountainous roads, investigating changes
in their level of fatigue.

The following tasks need to be addressed to achieve the research objective:

6) select segments of mountain roads differing in altitude characteristics but similar in length and

road conditions;

7) collect data and perform statistical analysis using the driver's FS evaluation methodology and

key indicators;

8) identify patterns of FS change for each of the investigated segments of mountain roads, enabling

the determination of how route parameters influence drivers' levels of functional strain.

The expected outcomes of the conducted research and its analysis include conclusions regarding the
impact of vehicle direction (ascent or descent) and route steepness on drivers' FS in light-duty trucks.
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3. CHARACTERIZATION OF RESEARCH OBJECTS AND METHODS

Three travel routes where drivers from an office supplies distribution company operate were selected
to conduct a comprehensive assessment of the impact of specific segments of mountain roads. The selection of
study segments was guided by the following algorithm:

9) length of 20-25 km;

10) presence of switchback turns (serpentine);

11) low driving speed;

12) both ascents and descents present;

The data for segments on these routes are provided in Fig. 4.
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The road segments under investigation display different road surface conditions and pass through
mountainous areas. Small settlements are partially passed through, but their role in the overall driver's
experience is not decisive due to the relatively low driving speeds. The terrain relief in the Ukrainian
Carpathian Mountains is similar across all road segments. Each approach to a pass is generally less steep
than the subsequent descent.

The studied segments of mountain roads are of national and regional significance and, therefore, not
designed for high speeds, owing to the route's challenging terrain. The research was done in dry and clear
weather, and road visibility was limited by its geometry, not the weather.

A detailed characterization of these road segments, including the main geodata and road profiles,
will be presented in comparative Table 1. This table includes data from the OpenStreetMap application,
including elevation marks at the beginning, end, and pass of each studied segment. Only route A is less
than 900 meters, but in mountainous areas, complexity is determined by relative changes in elevation
rather than absolute altitude.
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Table 1

Trasological Comparison of Investigated Segments of Mountain Roads

Segment A B C
Road H-13 P-24 H-09
Start Borynia ltsi Tatariv
Finish Volosianka Vorokhta Yasinia
Length, km 22 21 20
Starting altitude, m 684 779 690
Overpassing altitude, m 925 1004 951
Finishing altitude, m 590 651 666
Accumulated height, m 241 225 261
Altitude decrease (after overpass), m 335 353 285
Distance from start to overpass, km 14 10 12
Distance from overpass to finish, km 8 11 8
Overall slope (before overpass), %o 17.2 22.5 21.8
Overall slope (after overpass), %o 41.9 32.1 35.6
Slope amplitude, %o -24.7 -9.6 -13.9

Segment A is the most difficult because it has large changes in altitude over a short distance.
Segment B has the highest elevation. Driver testing was done to assess professional qualities at the
transport company. It ensures that the research results are accurate.

Drivers were tested on their knowledge of traffic rules and safe vehicle operation to assess their
professional skills. Test results revealed gaps in the examined drivers' knowledge in various areas:

13) general terms and regulations (45 % correct answers);

14) left turn and U-turn (40 % correct answers);

15) road markings (18 % correct answers);

16) prohibitory signs (27 % correct answers);

17) traffic regulation and intersection crossing (50 % correct answers);

18) towing of vehicles (27 % correct answers);

19) speed limits (9 % correct answers);

20) vehicle operation (55 % correct answers);

For the research, drivers who scored above 60 points in a four-level test were selected, specifically
nine drivers out of twenty-five, who achieved the highest scores in the theoretical test.

The vehicles they operate are light-duty cargo vehicles of the 6th generation Iveco Daily model from
2015-2019 with a manual transmission, a 3.0-liter diesel engine, and a payload capacity of up to 4900 kg.
The vehicles are modern, ergonomic, have a curb weight of up to 7200 kg, and have sufficient engine
torque, making them well-suited for mountainous terrain. These vehicles can't brake on mountains because
this feature is not included in the factory configuration.

The stress index (SlI), or regulatory stress index, is the best indicator of drivers' stress levels,
quantitatively assessing their functional and psychoemotional stress levels. In a state of calm and moderate
tension, its value should not exceed 100-150 units. Heart rate variability indices were recorded using the
Polar H10 device [14], and the results were analyzed using Kubios software [15].

During mountain driving, drivers activated a specialized mobile application that began recording.
Simultaneously, the journey was recorded in the Open Street Map application to synchronize heart rate
variability metrics with the vehicle's position in space and time.

4. MAIN PART
The main body of research results for the three examined segments is presented in Table 2.
Subsequently, a statistical analysis and visualization of the results are conducted. It is also worth noting
that each timestamp corresponds to the averaged Sl value of all drivers who traveled this route.
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Table 2
Survey results
Travel time, min Distance, km Sl, c.u.
’ ' Route A Route B Route C
2 13 94 76 80
4 2,7 99 82 39
6 3,3 95 84 36
8 53 102 86 a5
9 6 98 120 102
10 6,6 120 144 103
11 73 115 158 85
12 8 125 195 108
13 8,6 183 225 104
14 9,2 228 201 108
15 10 245 192 172
16 10,6 296 186 210
17 11,2 255 177 262
18 11,9 200 155 212
19 13 164 130 188
20 13,2 135 120 165
21 14 120 125 145
22 14,5 115 115 123
23 15,2 119 96 103
24 15,9 121 84 102
25 16,5 110 93 112
26 17,2 105 80 108
27 17,8 109 89 106
28 18,5 101 87 89
29 19,2 105 90 08
30 20 110 90 84

The visualization of the obtained results, considering the altitude profile of the mountain road
sections, is provided in Fig. 5-7.
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Fig. 5. The change of driver’s Sl on the first investigated segment (Route A)

The first study results indicate peak Sl values occurring just 2 km after crossing the mountain pass,
specifically on the downhill switchback section. Near the descent from the pass, Sl values reach their
maximum at 228-296 units, which is three times higher than the normative levels.
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Fig. 6. The change of driver’s Sl on the second investigated segment (Route B)

In this scenario, the threshold SI values are somewhat lower, ranging from 195-245 units, indicating
a high emotional stress level among drivers.
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Fig. 7. The change of driver’s Sl on the third investigated segment (Route C)

While traveling on mountainous section No. 3, we can observe a relatively high stress level among
drivers, particularly evident on the downhill section after the pass. It can be attributed to the complexity of
navigating the switchbacks and tight curves. In this case, the Sl fluctuates between 210-262 units.

A comparative analysis of all three sections becomes feasible due to their similar length, speed range
(35-45 km/h), and comparable travel duration. The graphs also depict spikes in driver stress at pass areas
and in approach sections. As seen from the figures, all three mountain road sections exhibit characteristic
peaks corresponding to maximum Sl values. It is explained by the fact that when driving on mountain
roads in vehicles lacking mountain brakes and automatic transmissions, drivers must maintain precise
control of the road and exert significant effort to maneuver trucks.

The peak Sl values do not correspond to the highest point of the route, unlike the heart rate
frequency in reference [13]. Instead, they occur on the most challenging section for truck maneuvering,
which is the descent on the switchback. While the heart rate frequency of drivers reaches its highest point
at the pass, its variability indicates that navigating the following section is challenging.
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5. CONCLUSIONS AND RESEARCH PERSPECTIVES

The study provides a review of previous research related to the study of psychophysiological
characteristics of drivers. During this analysis, it was found that research methodologies and their geographic
locations vary, and it is important to consider regional contexts in such studies. It is particularly relevant
for studies on mountain roads, as their altitude characteristics, and hence additional factors influencing
drivers, differ.

The tools used in the research are described, along with the segments of mountain roads where they
were conducted. Three sections of mountain roads were selected for the study: Borinya — Volosyanka,
Vorokhta — lltsi, and Tatariv — Yasinya within the Ukrainian Carpathians. All sections are approximately 20 km
long, with average gradients uphill to passes at 1.7-2 % and 3—4 % downhill after overcoming the pass.

The main focus of the study is to obtain results regarding changes in the functional state of drivers
specifically selected by qualification while driving in mountainous terrain. It was found that the greatest
impact on drivers' psychoemotional load occurs on sections of steep descents after crossing passes.
Quantitatively assessing the results, it should be noted that with normative stress index values ranging from
80-120 units, this indicator, after passing the passes and traveling down steep descents with numerous
switchbacks and horizontal curves, reaches 220-300 units depending on their steepness. Increasing the
gradient on the descent and making the route segment more complex can increase the Sl value by 30 %
compared to simpler road sections. At altitudes below 1000 m, the road height above sea level does not
affect drivers' workload.

The main reasons for changes in drivers' stress index are steep gradients and the frequency and
steepness of turns.

The results we got will help further research in this area because the graphs clearly show how
drivers' stress levels change after passing through a mountain pass. The amplitude of drivers™ stress in
depends on the route's parameters.
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JOCJIIKEHHSA 3MIHU @ YHKINIOHAJIBHOI'O CTAHY
BOJIIB ITPU PYCI UEPE3 I'PCHKI IIEPEBAJIA

Anomauia. 3sadxcaiouu Ha cmamucmuxy OOpPOICHbO-MPAHCNOPMHUX NOOIll, OCHOBHUMU IX
APUYUHAMU € NOPYUIEHHS MUX YU [HWUX Npasuil O0PONCHbO20 pYXY. Ane, 36axcarouu Ha nesHul
00C8I0 HAYKOBUX O0O0CTIOJNHCEHbL y Yill cghepi, MOJCHA BNEeBHEHO CMBePOINCY8AMU, WO OCHOBHOIO
NPUYUHOIO YUX NOOIll € HENPABUILHA OYIHKA OOPOACHbOI 0OCMAHOBKU, I, 8IONOGIOHO, HEKOPEeKMHA
peaxyisn 3 60Ky Kepyiowoi cucmemu, moomo 001

Akicmob oyinKu 00pOAHCHLOI 0OCMAHOBKY MOdHCe 3anexcamu 8i0 6a2amvox YUHHUKIB, MAKUX AK
Keanigpikayisi 600ii8, ixui Haeuuxu, 00c8i0 pobomu, wac peaxyii ma iHwi ncuxoghizionoziuni
gaxmopu. Bapmo maxodic okpemo eudinumu QYHKYIOHATbHUL CMAaH [K THOUKAMOpP HAOIUHOT
pobomu 600ii6, OCKIIbKU 6i0 HbO2O 3ANENCUMb He Juule pPiBeHb emoMu, aie I OUHAMIKA il
HaxonuuenHs. L]i yuHHUKU 6NIUBAIOMb HA AKICMb [ WEUOKICIb NPUUHAMUX PiUleHb | € supiuaib-
HUMU acneKmamy OYiHIO8AHHSA PUSUKIE MPAHCNOPMHO20 NPOYecy, No8 SA3aHUX, 6lACHe, 3 YUHHUKOM
JIHOOUHU.

Y pobomi npoananizosano mexuonociunuii npoyec 8AHMANCHUX Nepede3eHsb 3 no2asidy oo
besnexu sk 015t 800Ist, MAK i OISl THUWUX YUACHUKIE OOPOJICHBO2O PYXY, d MAKOdC mpemix ocib ma
HABKOIUUWHBO20 Cepedosuya 30Kpema.

Locnidoicenns oxonnoe oxpemy memy 0coOIUBOCHEl OOPOAICHLO20 PYXY 8 2IPCLKUX YMOBAX,
YACMKOBO 0OMEINCEHUX, 31 SHAUHUM PEeSIOHATLHUM KOHMEKCMOM, OCKITbKU Yi YMOBU € 0COOIUSUMU U
VHIKAIbHUMU 0151 O0pie, SIKT NPOX00SiMb 3HAYHUMU 8UCOMAMU 8IOHOCHO DIGHSL MODSL.

3ae0anns 00CHIONCEHHA — GUBYEHHS 3MIHU (QYHKYIOHAIbHO20 CmMaHy 600iie nid uac npo-
XOOHCEHHS CKAAOHUX OLIAHOK 2iPCbKUX 00pie HA NPUKIadi Yomupbox OOCHIONCYSAHUX MAPUPYNIE,
ki nponsieatoms Yrpaincekumu Kapnamamu. Ouikysani pe3yiomamu 00CHONCeHb — iX epapiunuil
AHANE3, AKULL OONOMOIICE BUHAYUMU OCHOBHI 3AKOHOMIPHOCIIE 3MIHU (DYHKYIOHAILHO20 CMAH) 800118
3ANEHCHO 810 CKAAOHOCMI MAPUWPYMY.

Taxooc 'y 00CHiOdNCeHHI aAKYEeHMOBAHO HA GUAGIEHHI GIOHOCHUX 3HAYEHbL NOKAZHUKIE
@yHKYIOHAbHO2O CcmaHy 600118, AKI NPUUHAMO 68axcamu IHOUKamopamu ixuvoi HaodiiiHoi ma
be38iomosnoi pobomu. Lle dacmv modiciusicms OemanvHiue OYIHUMU MAPUPYmMu nepese3eHb ma
naanyeamu nepioou pobomu i GIONOYUHKY 600ii6 SAHMANCHUX ABMOMOOINIE HA 3AMICLKUX
Mapupymax.

Kntouoei cnoea: inoexc HanpyscenHs, QYHKYIOHAIbHULL CMAaH; 2IpcbKa Micyesicmb;
A8MOMOOBIIbHA 00PO2A; BAHMANCHI NEPeBe3eHHS; YUHHUK JTHOOUHU.



