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Резюме. Цель исследования – изучение психофизиологических особенностей и возможностей профилакти-
ки невнимательности и утомляемости у водителей автотранспортных средств, отвлекающихся на электронные
устройства. 
Материалы и методы исследования. Выполнен анализ 45 публикаций на русском и английском языках, най-
денных с помощью баз Cyberleninka, PubMed, Elibrary, ScienceDirect.
Результаты исследования и их анализ. Отвлечение внимания на электронные устройства у водителей авто-
транспортных средств приводит к их еще большему утомлению как следствию попыток сочетать вождение с
несвязанными с ним действиями. Отвлечение на мобильный телефон может спровоцировать все формы поте-
ри внимания – слуховую, зрительную, биомеханическую, познавательную. Сделан вывод, что в настоящее
время недостаточно распространены алгоритмы анализа усталости/отвлечения внимания у водителей авто-
транспортных средств.
Ключевые слова: водители автотранспортных средств, дорожно-транспортные происшествия, мобильные
телефоны, навигационные системы, невнимательность, отвлечение внимания, психофизиологические особен-
ности, смартфон, утомляемость, электронные устройства
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Summary. Investigation purposes – a researching of psychophysiological features and an opportunity of inatten-
tion and fatigue prevention in car drivers distracted for electronic devices.
Materials and methods of the investigation. An analysis of 45 publications in Russian and English found using
Cyberleninka, PubMed, Elibrary, ScienceDirect data bases was conducted.
Investigation results and their analysis A distraction of car drivers for electronic devices make them instant fatigued
because of attempts of combining of driving and with unrelated to it actions. A distraction for mobile phone can
stimuli all forms of attention looses – auditory, visual, biomechanical, cognitive. A conclusion was made that nowa-
days algorithms for attention tiredness / distraction analysis in car drivers are not distributed enough.
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Efficiency of driving depends on the psychophysiological
features of the driver, experiencing significant loads on the
central nervous (CNS) and analytical systems [1, 2]. It has
been established that impaired driver attention while driving
increases the risk of road traffic accidents (RTAs) by 5 times
[3-5]. In the total number of all and major accidents, the
share of accidents caused by driver fatigue is 10-20 and
40% respectively [5, 6].

The aim of the study is to review scientific publications
devoted to the study of psychophysiological features and
possibilities of prevention of inattention and fatigue in motor
vehicle drivers who are distracted by electronic devices.

Materials and methods of research.
The search and analysis of 45 scientific publications on the

problem was performed in the databases Cyberleninka,
PubMed, Elibrary, ScienceDirect. Preliminary search in Yan-
dex and Google revealed the following most relevant key-
words in Russian and English: driver distraction/attentive-
ness/ inattentiveness; psychology of driver fatigue/ inat-
tentiveness; reasons of driver inattentiveness/attentiveness;
physiological signs of driver inattentiveness/attentiveness;
devices/methods of driver distraction/attention to elec-
tronic devices — navigation system, cell phone, smartphone,
panel, display, video-recording device

Results of the study and their analysis. Deviations
from the normal psychological state of drivers of motor vehi-
cles increase the risk of accidents and complicate the process-
es of perception/processing of information. In the Russian
Federation there is no physiological testing of drivers, in-
cluding the study of such psychophysiological characteristics
as discipline, emotional stability, self-control [7, 8]. It should
also be noted that extraversion/neuroticism directly affects the
tendency to distraction while driving, and such factors as mo-
notonous environment, long travel time, passive actions, dark
time of day, lack of sleep, emotional state, medication use,
lead to impaired attention/fatigue in drivers [3, 5, 9]. The
field of vision of the driver depends on the speed of the car:
at 0 km/h — ~120°; at 20-80 km/h — 80-30°; at 100 and
160 km/h — 22° and 5° respectively. As a result, visibility
deteriorates, and the sound of the engine acts on attention
concentration as a kind of "lullaby" [10].

Objects and forms of distraction in drivers
The forms of distracted attention of drivers have been

identified: 1st — visual form — interference/limitation of vi-
sual field, withdrawal/shifting of eyes from the road; 2nd —
auditory — distracting sounds; 3rd — biomechanical/phys-
ical — distraction with hands off; 4th — cognitive or cogni-
tive form — reduction of reaction time due to distraction/pro-
cessing of information [11-13]. Cell phone distraction pro-
vokes all forms of attention loss [11, 13]. Other distracting
objects include: screens of devices in the field of view — DVR,
audio-visual, infotainment, and navigation (NS) systems;
visual/hand-held interference; elements of the passenger
compartment; and searching for objects outside the field of

view [11-15]. Distraction to electronic devices — more of-
ten in younger drivers — affects aberrant speed violations,
and gaze distraction is associated with increased crash
risk — especially in older drivers [16, 17].

The likelihood of distracted driving increased with the use
of wireless devices — navigation and non-driving devices,
particularly text messaging devices (Figure) — [18-20]. In-
teraction with in-car devices not related to driving tasks (ra-
dio; screen gadgets; HVAC — heating/air conditioning sys-
tem) takes 0.83% of the time of the trip and occurs 4.6
times more often than "benchmark" driving [21]. Assess-
ment of cognitive/visual attention in drivers aged 21-36 and
55-75 showed that the latter had a lower task rate and a
higher rate of interaction with electronic devices (adjusting
radio/voice commands, searching through the NS) [22]. The
rates of workload during driving increase when using cell
phones and navigation systems, as well as in urban and
nighttime conditions compared to those in rural areas and in
the daytime [12, 13, 23].

When using a NS with a small display, the level of cog-
nitive/visual distraction is higher [12, 24]. Comfortable —
on the upper side of the dashboard — position of a portable
NS with a small viewing angle and a large display format
leads to reduction of the driver's gaze time and increase of
its (gaze) frequency [24]. For long/unique routes, using
the NS takes 5% of the trip time: 40% for the first 10% of the
time and 35% for slow driving (up to 10 km/h). When driv-
ing fast, the probability of distraction to the NS is the same
[25]. In general, there is now a diverse range of devices that
contribute to driver distraction, leading to impairment of all
forms of attention, increasing workload indicators and, con-
sequently, reducing the timing of driver fatigue.

Driver distractions on the cell phone/smartphone
Multitasking negatively affects driving performance and is

more common in young drivers when they use a cell phone
[26, 27]. Using near-infrared spectroscopy, high bilateral
prefrontal and parietal cortical cortex activity was found to
correlate with smartphone distraction levels in drivers behind
the wheel, indicating changes in overall driving performance
[19]. The development of smartphone features, including
navigation functions and cab apps, has led to dependence
on device options in the absence of effective regulation of
"browsing" behavior [28]. A survey of students in Italy found
that women were more likely to perceive risk in multitask-
ing/mobile phone use while driving than men, aiming for
sensation seeking, perceptions of self-efficacy in a multi-
tasking environment [26].

Ways to detect distraction and fatigue in drivers
The following typical movements for distraction/fatigue

are identified: dorsal flexion (distraction), its combination with
rapid head elevation and dorsal hyperextension — fa-
tigue/sleepiness. Other signs of distraction: head rota-
tion/shaking and "anterior body" - -head/body forward
movement [17]. Increased RR-interval in electrocardiogram
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(ECG) recording is observed when using a cell phone — the
signal changes due to contraction of skeletal muscles of the
hands and appearance of artifacts allowing to classify body
gestures [29]. Breath/pulse rate monitoring, as well as ac-
tion monitoring via pulse radar, showed the possibility of
non-invasive monitoring of driver fatigue, his visual, manu-
al and cognitive distraction to the phone [30].

Thus, differences in distraction patterns depending on the
age/sex of drivers have been identified, but not enough re-
search has been done to find clear patterns. Distraction/fa-
tigue occurs as a result of drivers being in multitasking mode.
Electrocardiography as a research method is interesting in
examining the physiological aspects of distraction, but its ap-
plication is difficult due to the need to attach electrodes to the
human body.

Driver fatigue and its prevention
Distraction events are more likely to occur than fatigue, the

risk of which increases with increasing travel time/number of
stops with a greater tendency to drowsiness in the elderly
[31]. The influence of automation, a monotonous driving en-
vironment, leads to the appearance of a passive state of fa-
tigue already after 15-35 min of driving and, compared to
the use of manual control, to increased time of looking at the
speed display and slower reaction to the event [32, 33].
When stimulating a tired driver, habituation  (to repetitive
stimuli) must be considered. Exposure to short-wave (blue)
light at night, decreased ambient temperature, odor (pep-
permint essential oil) and vibration stimulation reduce the
severity of driver fatigue, but the effect of the last three op-
tions lasts only 5-10 min [34].

Successes in preventing distraction in drivers
The use of a Google Glass™ clear head-mounted display

just above the right eye to receive messages has been found
to increase the responsiveness of experimental participants
more than viewing a smartphone, but there is a potential for
increased distraction [35]. The use of Android Auto and
CarPlay apps has proved difficult due to complex interfaces
that require a lot of visual and mental attention from the driv-
er [36]. In some cell phones the driving mode is represent-

ed by the "eye-tracker" system, which notifies the driver
about the distraction of his attention and the transition of the
phone to a simple limited mode of operation [23]. Placing
the entertainment console on the passenger side allows you
to delegate some functions to him [13]. Analysis of the pos-
sibility of using the windshield display showed that respon-
dents prefer the display windows in the dark mode with a
high opacity of the background at high brightness conditions
and automatic change in the dark to a greater transparen-
cy [37]. Of the presented methods of distraction prevention,
the most effective is the "eye-tracker" system, but it is not
widespread, and the other systems need refinement/modi-
fication of functions.

Systems for driver distraction/fatigue assessment
A self-learning ADAS system with tactile/auditory sensors

and camera is based on facial expression recognition, ef-
fective in non-invasive driver condition monitoring and es-
tablishing a correlation between inattentive facial expression
and an accident [38, 39]. Fatigue/distraction analysis is
available using two algorithms: KNN, which monitors fatigue
symptoms by eye/mouth aspect ratio with alarm generation;
CNN, which perceives driver actions with situation predic-
tion [40]. By applying frequency-modulated continuous
wave radar (FMCW) systems with spectrogram, its trajectory
and range/time estimation, data on recognition of typical
forms of inattentive driver behavior with an average recog-
nition accuracy of about 95% have been obtained [41]. A
driver fatigue detection system has been developed con-
sisting of a control unit, an electronic engine control system
and two video cameras, with the function of signaling, stop-
ping the car and triggering an alarm [42].

There are examples of successful application of algo-
rithms of the eye tracking analysis, detection of yawn-
ing/head position, heart rate variability: Attention Assist
(Mercedes-Benz) detects driving style/steering wheel move-
ment during fatigue/inattention; Front Assis (Volkswagen) —
steering wheel rotation/pedal use; Driver Alert Control (Vol-
vo) — reads the ratio of road markings and steering wheel
turns; Emergency Assist (Volkswagen) — reacts to dangerous
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Рисунок. Доля водителей (А) и временных́ затрат (Б) при отвлечении внимания по различным причинам, по данным [19]
Figure. The share of drivers (A) and time spent (B) with distraction for various reasons. It is compiled according to [19]
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shortening of distance to another vehicle [2]. Numerous
data from the electroencephalograph attached to the fore-
head on the ratio of rhythmic energy and frontal asymme-
try coefficient can be useful in the fatigue/distraction de-
tection device [43]. A correlation of brain α-wave with sali-
vary cortisol concentrations has also been found, which
may be useful for monitoring fatigue in the driver [44]. Us-
ing a dedicated ER system for smartphones, it has been
found that each type of inattentive driving (pushing the
body forward, turning back, eating/drinking) has unique
patterns on the Doppler audio signal profiles [45]. Since
distraction/driver fatigue detection systems are not wide-
spread enough, it is necessary to solve the problem of their
availability to drivers and the formation of safe driving be-
havior in the latter.

Conclusion
Thus, psychophysiological features and patterns in drivers

during distraction and fatigue while driving have been iden-
tified. It has been established that dangerous driving be-
havior can be identified through the analysis of electroen-
cephalography and electrocardiography. However, ac-
cording to the authors, who have performed an analysis of

scientific publications, the most effective and comfortable are
"smart" systems with a camera that record the facial ex-
pression and body position of the driver while driving and
are capable of self-learning through the accumulation of pat-
terns of behavior of the person behind the wheel of the car.

There is a need for further research for:
- Application of these systems to form an accessible and

consumer-attractive device aimed at preventing accidents;
- Stimulation of the driver when he/she is fatigued, and the

introduction into his/her consciousness of the need to con-
centrate while behind the wheel in order to form the correct
use/non-use of screen devices while driving.

The work was carried out in accordance with the main
plan of research works of Federal State Budgetary Educa-
tional Institution of Higher Professional Education "Perm
State University named after acad. E.A. Wagner of the Min-
istry of Health of Russia and within the framework of the state
assignment of the branch of FSBEI "Perm Federal Research
Center "Institute of Ecology and Genetics of Microorganisms,
UB RAS", registration number of R&D work AAAA-A19-
119112290007-7

54 Disaster Medicine No. 1•2023



55Медицина катастроф №1•2023

15. Gazder U., Assi K.J. Determining Driver Perceptions about Distrac-
tions and Modeling their Effects on Driving Behavior at Different Age
Groups // Journal of Traffic and Transportation Engineering (English Edi-
tion). 2022. V.9, No. 1. P. 33-43. doi: 10.1016/j.jtte.2020.12.005.

16. García-Herrero S., Febres J.D., Boulagouas W., Gutiérrez J.M.,
Mariscal Saldaña M.Á. Assessment of the Influence of Technology-Based
Distracted Driving on Drivers' Infractions and Their Subsequent Impact on
Traffic Accidents Severity // International Journal of Environmental Re-
search and Public Health. 2021. V.18, No. 13. P. 7155. doi:
10.3390/ijerph18137155.

17. Ивасик Д.В., Васильченко А.А., Сидоренко Т.А., Мисюрин П.Л.
Проблемы обеспечения безопасности дорожного движения // Ин-
женерный вестник Дона. 2019. № 3. С. 1-10. 

18. Baker J.M., Bruno J.L., Piccirilli A., Gundran A., Harbott L.K., Sirkin
D.M., Marzelli M., Hosseini S.M.H., Reiss A.L. Evaluation of Smartphone
Interactions on Drivers’ Brain Function and Vehicle Control in an Immer-
sive Simulated Environment // Sci. Rep. 2021. No. 11. P. 1998. doi:
10.1038/s41598-021-81208-5.

19. Road Safety Factsheet: Driver Distraction. The Royal Society for the
Prevention of Accidents. Calthorpe Road, Edgbaston, Birmingham, 2017.
URL: https://www.rospa.com/rospaweb/docs/advice-services/road-
safety/drivers/driver-distraction.pdf.

20. Huisingh C., Owsley C., Levitan, E.B., Irvin M.R., MacLennan P.,
McGwin G. Distracted Driving and Risk of Crash or Near-Crash Involve-
ment among Older Drivers Using Naturalistic Driving Data with a Case-
Crossover Study Design // J. Gerontol. A Biol. Sci. Med. Sci. 2019. V.74,
No. 4. P. 550-555. doi: gerona/gly119.

21. Dingus T.A., Guo F., Lee S., Antin J.F., Perez M., Buchanan-King M.,
Hankey J. Driver Crash Risk Factors and Prevalence Evaluation Using Nat-
uralistic Driving Data // Proceedings of the National Academy of Sci-
ences of the United States of America. 2016. V.113, No. 10. P.
2636-2641.

22. Cooper J.M., Wheatley C.L., McCarty M.M., Motzkus C.J., Lopes
C.L., Erickson G.G., Baucom B.R.W., Horrey W.J., Strayer D.L. Age-Re-
lated Differences in the Cognitive, Visual, and Temporal Demands of In-
Vehicle Information Systems // Front. Psychol. 2020. No. 11. P. 1154.
doi: 10.3389/fpsyg.2020.01154.

23. Ortega C.A.C., Mariscal M.A.; Boulagouas W., Herrera S., Es-
pinosa J.M., García-Herrero S. Effects of Mobile Phone Use on Driving
Performance: An Experimental Study of Workload and Traffic Violations
// Int. J. Environ. Res. Public Health. 2021. No. 18. P. 7101. doi:
10.3390/ijerph1813710.

24. Zheng R., Nakano K., Ishiko H., Hagita K., Kihira M., Yokozeki T.
Eye‑Gaze Tracking Analysis of Driver Behavior While Interacting with
Navigation Systems in an Urban Area // IEEE Transactions on Human-
Machine Systems. 2015. No. 46. doi: 10.1109/THMS.2015.2504083.

25. Knapper A., Van Nes N., Christoph M., Hagenzieker M., Brookhuis K.
The Use of Navigation Systems in Naturalistic Driving // Traffic Injury Pre-
vention. 2016. V.17, No. 3. P. 264–270. doi:
10.1080/15389588.2015.1077384.

26. Fountas G., Pantangi S.S., Hulme K.F., Anastasopoulos P.Ch. The Ef-
fects of Driver Fatigue, Gender, and Distracted Driving on Perceived and
Observed Aggressive Driving Behavior: A Correlated Grouped Random
Parameters Bivariate Probit Approach // Analytic Methods in Accident
Research. 2019. V.22, No. 100091. P. 2213-6657. doi:
10.1016/j.amar.2019.100091.

27. Vogelpohl T., Kühn M., Hummel T., Vollrath M. Asleep at the Auto-
mated Wheel-Sleepiness and Fatigue During Highly Automated Driving
// Accident, Analysis and Prevention. 2019. No. 126. P. 70-84.
doi:10.1016/j.aap.2018.03.013.

28. Saxby D.J., Matthews G., Neubauer C. The Relationship between
Cell Phone Use and Management of Driver Fatigue: It's Complicated //
Journal of Safety Research. 2017. No. 61. P. 129-140. doi:
10.1016/j.jsr.2017.02.016.

29. Fraschetti A., Cordellieri P., Lausi G., Mari E., Paoli E., Burrai J.,
Quaglieri A., Baldi M., Pizzo A., Giannini A.M. Mobile Phone Use “on the
Road”: A Self-Report Study on Young Drivers // Frontiers in Psychology.
2021. No. 12. P. 620653. doi: 10.3389/fpsyg.2021.620653.

30. McDonald C.C., Sommers M.S. Teen Drivers' Perceptions of Inat-
tention and Cell Phone Use While Driving // Traffic Inj. Prev. 2015. V.16,
No. 2. P. S52-58. doi: 10.1080/15389588.2015.1062886.

31. Zhang L., Cui B., Yang M., Guo F., Wang J. Effect of Using Mobile
Phones on Driver's Control Behavior Based on Naturalistic Driving Data
// International Journal of Environmental Research and Public Health.
2019. V.16, No. 8. P. 1464. doi: 10.3390/ijerph16081464.

32. Darzi A., Gaweesh S.M., Ahmed M.M., Novak D. Identifying the
Causes of Drivers' Hazardous States Using Driver Characteristics, Vehicle
Kinematics, and Physiological Measurements // Frontiers in Neuroscience.
2018. No. 12. P. 568.

33. Leem S.K., Khan F., Cho S.H. Vital Sign Monitoring and Mobile
Phone Usage Detection Using IR-UWB Radar for Intended Use in Car
Crash Prevention // Sensors (Basel, Switzerland). 2017. V.17, No. 6. P.
1240. doi: 10.3390/s17061240.

Policy Insights from the Behavioral and Brain Sciences. 2015;2;1:157-165.
doi: 10.1177/2372732215600885.

15. Gazder U., Assi K.J. Determining Driver Perceptions about Distrac-
tions and Modeling their Effects on Driving Behavior at Different Age
Groups. Journal of Traffic and Transportation Engineering (English Edi-
tion). 2022;9;1:33-43. doi: 10.1016/j.jtte.2020.12.005.

16. García-Herrero S., Febres J.D., Boulagouas W., Gutiérrez J.M.,
Mariscal Saldaña M.Á. Assessment of the Influence of Technology-Based
Distracted Driving on Drivers' Infractions and Their Subsequent Impact on
Traffic Accidents Severity. International Journal of Environmental Research
and Public Health. 2021;18;13:7155. doi: 10.3390/ijerph18137155.

17. Ivasik D.V., Vasilchenko A.A., Sidorenko T.A., Misyurin P.L. Problems
of Ensuring Traffic Safety. Inzhenernyy Vestnik Dona = Engineering Journal
of Don. 2019;3:1-10 (In Russ.).

18. Baker J.M., Bruno J.L., Piccirilli A., Gundran A., Harbott L.K., Sirkin
D.M., Marzelli M., Hosseini S.M.H., Reiss A.L. Evaluation of Smartphone
Interactions on Drivers’ Brain Function and Vehicle Control in an Immersive
Simulated Environment. Sci. Rep. 2021;11:1998. doi: 10.1038/s41598-
021-81208-5.

19. Road Safety Factsheet: Driver Distraction. The Royal Society for the
Prevention of Accidents. Calthorpe Road, Edgbaston, Birmingham, 2017.
URL: https://www.rospa.com/rospaweb/docs/advice-services/road-
safety/drivers/driver-distraction.pdf.

20. Huisingh C., Owsley C., Levitan, E.B., Irvin M.R., MacLennan P.,
McGwin G. Distracted Driving and Risk of Crash or Near-Crash Involve-
ment among Older Drivers Using Naturalistic Driving Data with a Case-
Crossover Study Design. J. Gerontol. A Biol. Sci. Med. Sci. 2019;74;4:550-
555. doi: gerona/gly119.

21. Dingus T.A., Guo F., Lee S., Antin J.F., Perez M., Buchanan-King M.,
Hankey J. Driver Crash Risk Factors and Prevalence Evaluation Using Nat-
uralistic Driving Data. Proceedings of the National Academy of Sciences
of the United States of America. 2016;113;10:2636-2641.

22. Cooper J.M., Wheatley C.L., McCarty M.M., Motzkus C.J., Lopes
C.L., Erickson G.G., Baucom B.R.W., Horrey W.J., Strayer D.L. Age-Related
Differences in the Cognitive, Visual, and Temporal Demands of In-Vehicle
Information Systems. Front. Psychol. 2020;11:1154. doi: 10.3389/fp-
syg.2020.01154.

23. Ortega C.A.C., Mariscal M.A.; Boulagouas W., Herrera S., Espinosa
J.M., García-Herrero S. Effects of Mobile Phone Use on Driving Perform-
ance: An Experimental Study of Workload and Traffic Violations. Int. J. En-
viron. Res. Public Health. 2021;18:7101. doi: 10.3390/ijerph1813710.

24. Zheng R., Nakano K., Ishiko H., Hagita K., Kihira M., Yokozeki T.
Eye‑Gaze Tracking Analysis of Driver Behavior While Interacting with Nav-
igation Systems in an Urban Area. IEEE Transactions on Human-Machine
Systems. 2015;46. doi: 10.1109/THMS.2015.2504083.

25. Knapper A., Van Nes N., Christoph M., Hagenzieker M., Brookhuis
K. The Use of Navigation Systems in Naturalistic Driving. Traffic Injury Pre-
vention. 2016:17;3:264–270. doi:
10.1080/15389588.2015.1077384.

26. Fountas G., Pantangi S.S., Hulme K.F., Anastasopoulos P.Ch. The Ef-
fects of Driver Fatigue, Gender, and Distracted Driving on Perceived and
Observed Aggressive Driving Behavior: A Correlated Grouped Random Pa-
rameters Bivariate Probit Approach. Analytic Methods in Accident Re-
search. 2019;22;100091:2213-6657. doi:
10.1016/j.amar.2019.100091.

27. Vogelpohl T., Kühn M., Hummel T., Vollrath M. Asleep at the Auto-
mated Wheel-Sleepiness and Fatigue During Highly Automated Driving. Ac-
cident, Analysis and Prevention. 2019;126:70-84.
doi:10.1016/j.aap.2018.03.013.

28. Saxby D.J., Matthews G., Neubauer C. The Relationship between
Cell Phone Use and Management of Driver Fatigue: It's Complicated. Jour-
nal of Safety Research. 2017;61:129-140. doi:
10.1016/j.jsr.2017.02.016.

29. Fraschetti A., Cordellieri P., Lausi G., Mari E., Paoli E., Burrai J.,
Quaglieri A., Baldi M., Pizzo A., Giannini A.M. Mobile Phone Use “on the
Road”: A Self-Report Study on Young Drivers. Frontiers in Psychology.
2021;12:620653. doi: 10.3389/fpsyg.2021.620653.

30. McDonald C.C., Sommers M.S. Teen Drivers' Perceptions of Inat-
tention and Cell Phone Use While Driving. Traffic Inj. Prev. 2015;16;2:S52-
58. doi: 10.1080/15389588.2015.1062886.

31. Zhang L., Cui B., Yang M., Guo F., Wang J. Effect of Using Mobile
Phones on Driver's Control Behavior Based on Naturalistic Driving Data. In-
ternational Journal of Environmental Research and Public Health.
2019;16;8:1464. doi: 10.3390/ijerph16081464.

32. Darzi A., Gaweesh S.M., Ahmed M.M., Novak D. Identifying the
Causes of Drivers' Hazardous States Using Driver Characteristics, Vehicle
Kinematics, and Physiological Measurements. Frontiers in Neuroscience.
2018;12:568.

33. Leem S.K., Khan F., Cho S.H. Vital Sign Monitoring and Mobile
Phone Usage Detection Using IR-UWB Radar for Intended Use in Car
Crash Prevention. Sensors (Basel, Switzerland). 2017;17;6:1240. doi:
10.3390/s17061240.



Disaster Medicine No. 1•202356

34. He J., McCarley J.S., Crager K., Jadliwala M., Hua L., Huang S.
Does Wearable Device Bring Distraction Closer to Drivers? Comparing
Smartphones and Google Glass // Applied Ergonomics. 2018. No. 70.
P. 156–166. doi: 10.1016/j.apergo.2018.02.022.

35. Inayat K., Sanam S.R., Shah K., Shaukat A., Tae-Sun C. Analyzing
Drivers’ Distractions due to Smartphone Usage: Evidence from AutoLog
Dataset // Mobile Information Systems. 2021. No. 2021. P. 14. doi:
10.1155/2021/5802658.

36. Riegler A., Riener A., Holzmann C. Adaptive Dark Mode: Investi-
gating Text and Transparency of Windshield Display Content for Auto-
mated Driving // Conference: Mensch und Computer. Hamburg,
Germany, 2019. doi: 10.18420/muc2019-ws-612.

37. Ulrich L., Nonis F., Vezzetti E., Moos S., Caruso G., Shi Y., Marcolin F.
Can ADAS Distract Driver's Attention? An RGB-D Camera and Deep Learn-
ing-Based Analysis // Appl. Sci. 2021. No. 11. P. 11587. doi:
10.3390/app112411587.

38. Rathi R., Sawant A., Jain L., Kulkarni S. Driver Fatigue and Distrac-
tion Analysis Using Machine Learning Algorithms // International Con-
ference on Innovative Computing and Communications. Advances in
Intelligent Systems and Computing. Ed. Gupta D., Khanna A., Bhat-
tacharyya S., Hassanien A.E., Anand S., Jaiswal A. Springer, Singapore,
2021. P. 1165. doi: 10.1007/978-981-15-5113-0_88.

39. Dong B.-T., Lin H.-Y. An On-Board Monitoring System for Driving
Fatigue and Distraction Detection // 22nd IEEE International Conference
on Industrial Technology (ICIT). Valencia, Spain, 2021. P. 850-855. doi:
10.1109/ICIT46573.2021.9453676.

40. Ding C., Chae R., Wang J., Zhang L., Hong H., Zhu X., Li C. Inat-
tentive Driving Behavior Detection Based on Portable FMCW Radar //
IEEE Transactions on Microwave Theory and Techniques. 2019. V.67, No.
10. P. 4031-4041. doi: 10.1109/TMTT.2019.2934413.

41. Ткаченко О.Н., Дорохов В.Б., Дементиенко В.Д. Психофизио-
логические аспекты поддержания оптимального уровня внимания во-
дителей при частично автоматизированном вождении автомобиля //
Социально-экологические технологии. 2020. № 4. С. 482-504. 

42. Нефедьев А.И., Нефедьев Д.И., Безбородов С.А., Гусев В.Г.
Контроль состояния водителя во время движения автотранспортного
средства // Измерение. Мониторинг. Управление. Контроль. 2021.
№ 2. С. 60-64. 

43. Fan C., Peng Y., Peng S., Zhang H., Wu Y., Kwong S. Detection of
Train Driver Fatigue and Distraction Based on Forehead EEG: A Time-Se-
ries Ensemble Learning Method // IEEE Transactions on Intelligent Trans-
portation Systems. 2021. No. 2021. P. 1-11. doi:
10.1109/TITS.2021.3125737.

44. Shin J., Kim S., Yoon T., Joo C., Jung H.I. Smart Fatigue Phone: Real-
Time Estimation of Driver Fatigue Using Smartphone-Based Cortisol De-
tection // Biosensors & Bioelectronics. 2019. No. 136. P. 106-111. doi:
10.1016/j.bios.2019.04.046.

45. Xu X., Hang G., Jiadi Y., Yingying C., Yanmin Z., Guangtao X.,
Minglu L. ER: Early Recognition of Inattentive Driving Leveraging Audio
Devices on Smartphones // IEEE Conference on Computer Communica-
tions. 2017. P. 1-9. doi: 10.1109/INFOCOM.2017.8057022.

34. He J., McCarley J.S., Crager K., Jadliwala M., Hua L., Huang S.
Does Wearable Device Bring Distraction Closer to Drivers? Comparing
Smartphones and Google Glass. Applied Ergonomics. 2018;70:156–166.
doi: 10.1016/j.apergo.2018.02.022.

35. Inayat K., Sanam S.R., Shah K., Shaukat A., Tae-Sun C. Analyzing
Drivers’ Distractions due to Smartphone Usage: Evidence from AutoLog
Dataset. Mobile Information Systems. 2021;2021:14. doi:
10.1155/2021/5802658.

36. Riegler A., Riener A., Holzmann C. Adaptive Dark Mode: Investi-
gating Text and Transparency of Windshield Display Content for Automated
Driving. Conference: Mensch und Computer. Hamburg, Germany, 2019.
doi: 10.18420/muc2019-ws-612.

37. Ulrich L., Nonis F., Vezzetti E., Moos S., Caruso G., Shi Y., Marcolin
F. Can ADAS Distract Driver's Attention? An RGB-D Camera and Deep
Learning-Based Analysis. Appl. Sci. 2021;11:11587. doi:
10.3390/app112411587.

38. Rathi R., Sawant A., Jain L., Kulkarni S. Driver Fatigue and Distrac-
tion Analysis Using Machine Learning Algorithms. International Conference
on Innovative Computing and Communications. Advances in Intelligent Sys-
tems and Computing. Ed. Gupta D., Khanna A., Bhattacharyya S., Has-
sanien A.E., Anand S., Jaiswal A. Springer, Singapore, 2021. P. 1165. doi:
10.1007/978-981-15-5113-0_88.

39. Dong B.-T., Lin H.-Y. An On-Board Monitoring System for Driving Fa-
tigue and Distraction Detection. 22nd IEEE International Conference on In-
dustrial Technology (ICIT). Valencia, Spain, 2021. P. 850-855. doi:
10.1109/ICIT46573.2021.9453676.

40. Ding C., Chae R., Wang J., Zhang L., Hong H., Zhu X., Li C. Inat-
tentive Driving Behavior Detection Based on Portable FMCW Radar. IEEE
Transactions on Microwave Theory and Techniques. 2019;67;10:4031-
4041. doi: 10.1109/TMTT.2019.2934413.

41. Tkachenko O.N., Dorokhov V.B., Dementiyenko V.D. Psychophysi-
ological Aspects of Maintaining the Optimal Level of Attention of Drivers
in Partially Automated Driving. Sotsialno-Ekologicheskiye Tekhnologii = En-
vironment and Human: Ecological Studies. 2020;4:482-504 (In Russ.).

42. Nefedyev A.I., Nefedyev D.I., Bezborodov S.A., Gusev V.G. Con-
trol of the Driver's Condition During the Movement of the Vehicle. Izmereniye.
Monitoring. Upravleniye. Kontrol = Measuring. Monitoring. Management.
Control. 2021;2:60-64 (In Russ.).

43. Fan C., Peng Y., Peng S., Zhang H., Wu Y., Kwong S. Detection of
Train Driver Fatigue and Distraction Based on Forehead EEG: A Time-Se-
ries Ensemble Learning Method. IEEE Transactions on Intelligent Trans-
portation Systems. 2021;2021:1-11. doi: 10.1109/TITS.2021.3125737.

44. Shin J., Kim S., Yoon T., Joo C., Jung H.I. Smart Fatigue Phone: Real-
Time Estimation of Driver Fatigue Using Smartphone-Based Cortisol De-
tection. Biosensors & Bioelectronics. 2019;136:106-111. doi:
10.1016/j.bios.2019.04.046.

45. Xu X., Hang G., Jiadi Y., Yingying C., Yanmin Z., Guangtao X.,
Minglu L. ER: Early Recognition of Inattentive Driving Leveraging Audio De-
vices on Smartphones. IEEE Conference on Computer Communications.
2017. P. 1-9. doi: 10.1109/INFOCOM.2017.8057022. 

Материал поступил в редакцию 08.02.23; статья принята после рецензирования 16.02.23; статья принята к публикации 23.03.23
The material was received 08.02.23; the article after peer review procedure 16.02.23; the Editorial Board accepted the article for publication 23.03.23


