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XYPTISYLWIHIH WWAPLUAYbIH TAHY YLUIH HEIZPOHL!bIK XENIHI 93IPNEYAE
onsnonoruAanblKk AEPEKTEPAOI MAMOANAHY

UCMNOJNIb3OBAHUE ®U3UONOIMNMYECKMUX AAHHbIX NMPU PA3BPABOTKE
HEWPOHHOW CETU ANA PACNMO3HABAHUA YCTANOCTU BOOUTENA

PHYSIOLOGICAL DATA USE IN A NEURAL NETWORK DEVELOPMENT
FOR DRIVER FATIGUE RECOGNITION

AHOamna. [uHamukanbIK Xor opmacbkiHOa asmomMobusib Xypaidy CUsiKmMbl MOHOMOHObI KyHOesikmi
KyMbICmapMmeH Xymbic, adamHaH yHemi belimOenydi xoHe 3eliH Kordbi Kaxem emedi. YUKbIwbIObIK
Hemece abalicbi30blK, coHOal-aKk cmpecc Hemece wamadaH MbIC MCUXOO2USIIbIK XyKmeme CUsIKmbl
MOHOMOHObI apekemmepeae MyHOal peakyusi KasbIinmbl KOJiK Xypeaidy rnpoueciH 6y3adbl. byn ¢pakmopnap
XKypei3ywize yHeMi e32epin ombipambiH X0 OKuranapbiHa OypbIc xayarn 6epyee kedepai kenmipedi. byn
XKYMbICma XXypai3yWwiHiH Kayirci3 XyMbicbiHa acep ememiH YUKbIWbINObIK MeH cmpeccmiH obbekmusmi
enwemi aHbiKmanaobl, COHbIMEH Kamap Xypeai3ywiHiH xardalbiH bakblnayra apHanfaH 6ardapramarbiK
OHIMOi >acay ywiH HelUpoHObIK xeni xacanadbl. CoHOal-aK, Xypai3ywiHiH xafdalibiH xikmeyde
gusuonoeusinsik 0epekmepdi besiceHOi natidanaHy Kyminyde, elimKeHi Ka3sipai 3amaHfbl asmomoburnsoep
asmomammaHObipbliiraH 6ackapy KypandapbiMeH xabObikmarraH, Oy Kerik xypai3yoi Kypbinrblnapob!
naccusmi bakblnaymeH anmacmeipyra Kemekmeceoi.

TytiH ce3dep: modenbOey, adam xardalibl, bardapnamanay, HelipoHObIK xersinep, beliHemasnoay.

AHHOmauyusi. Pabombl C MOHOMOHHOU PymMuHHOU OesimesibHOCMbIO, makue KaKk 80X0eHue
asmomoburns, 8 AuHamuyHoU AopoxHou cpede mpebyrom om 4Yeriogeka MOcmosiHHoU adanmauyuu u
cocpedomoyeHHocmu. Takas peakyusi Ha MOHOMOHHY0 0essmesibHOCMb, Kak, HarpuMep, COHIU80CMb UU
HEeBHUMameslbHOCMb, @ MakXe CMmPecc UMU 4Ype3MepHasl [CUX0/l02udYecKasi Hazpyska Hapywarnom
HOpMarsibHbIU rpouecc 80X0eHUs. dmu ghakmopbl Mewarom eodumerito adeKkeamHO peasuposamb Ha
MOCMOSIHHO MeHsiruuecsi 00poxHble cobbimusi. B daHHoU pabome 6ydem onpedeneHa obbekmusHasi
Mepa COHIueoCcmuU U cmpecca, Komopble enusiom Ha 6e3onacHyro pabomy eodumernsd, a makxe
pa3pabomaHa HelpoHHasi cemb 0511 c030aHust Mpo2paMMHO20 nNPodyKma Orisl CIIEXEHUST 3@ COCMOSIHUEM
sodumens. Takkxe oxudaemcss bosiee akmMueHOEe UCIMONb308aHUsI (hu3uOIo2UHECKUX OaHHbIX puU
Knaccucbukayuu CcOCmMosiHUSI e8oOumersisi, MOMmMOMy 4YmoO CO8PEMEHHbIe asmomobunu ece Jnyduwe
OCHauwjaromcsi asmomMamu3uposaHHbIMU cpedcmeamu  yrpassieHusi, Komopble [oMOo2am 3aMeHUMmMb
80)K0eHuUe Ha naccusHbIl Had30p 3a rpubopamu.

Knrodeenle cnoea: modenuposaHue, cOCMOsIHUE Heslo8eka, npozpaMmMuposaHuUe, HelipOHHbIE cemu,
aHasu3 usobpaxeHud.
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Abstract. Works with monotonous routine activities, such as driving a car, in a dynamic road environment
require a person to adapt and focus constantly. Reactions to monotonous activities, such as drowsiness or
inattention, as well as stress or excessive psychological stress, disrupt the normal driving process. These
factors make it difficult for the driver to respond adequately to ever-changing road events. In this article, an
objective measure of drowsiness and stress that affect the safe work of the driver will be determined, and a
neural network will be developed to create a software product for monitoring the driver's condition. Increased
use of physiological data in driver condition classification is also expected because modern vehicles are
increasingly equipped with automated controls that help replace driving with passive instrument supervision.

Keywords: modeling, human condition, programming, neural networks, image analysis.

Introduction. It can be said with confidence that the human factor is the main factor in more
than 90% of road accidents according to the results of many studies [1, 2].

Nowadays, scientists continue to use subjective self-assessment scales in assessing the level
of driver drowsiness, because there are no reliable and objective methods for determining the state
of the driver. Thus, the development of methods, algorithms and other tools for understanding
and monitoring human behavior in different situations and conditions is of great importance,
which shows the relevance of the chosen research topic.

The purpose of this study: to develop an objective measure of fatigue and stress, which can
subsequently be used to test and simulate traffic situations for decision-making.

The following tasks were identified in accordance with the goal:

1) analysis of methods to identify the state of drowsiness and stress of the driver;

2) modeling the recognition of the driver’ dangerous behavior;

3) development of an algorithm for the computer program implementation.

Monitoring and alarming the driver about the dangerous condition, for example, falling asleep
at the wheel, is a relevant and demanded task. The development of active safety systems is one of
the ways to solve this problem. Identification of dangerous behavior or state of a person [3-6]
while driving can draw the attention of the driver to his driving style, state of health, poor health,
and assess the risks associated with this.Tthe rate of reckless driving will decrease, and many
drivers will strive to improve their safe driving skills and driving behavior when these factors are
taken into account.

An analysis of studies aimed at identifying drowsiness and stress showed that drowsiness is
characterized by a slower reaction, reduced vigilance, and poorer information processing [7].
Driver drowsiness is a serious problem for road safety [8]. It is logical to ask how to measure
driver sleepiness? Thus, the hypothesis of the study will be the presence of objective characteris-
tics of driver drowsiness and stress to prevent dangerous driving situations.

Literature Review. The following tests are used to measure sleepiness in clinical settings:

- multiple sleep latency test (MSLT) [9] is the time it takes a person to fall asleep;

- the maintenance of wakefulness test (MWT) [10] measures how long a person can stay
awake.

Both methods are used to diagnose sleep disorders and require the person to be immobile.
Thus, they are not suitable for use in the process of driving a car. Subjective measurements of
sleepiness based on self-reported data are commonly used in the real conditions of measuring
sleepiness in humans.

There are two categories of sleepiness rating scales. The following scales are used to assess
sleepiness at a particular point in time:

- Stanford Sleepiness Scale (SSS) [11];

- Carolina Sleepiness Scale (KSS) [12].
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It is used to measure total sleepiness throughout the day:

- Epworth Sleepiness Scale (ESS) [13]

- wakefulness test the Sleep-Wake Activity Inventory (SWAI) [14].

In this study, subjective sleepiness is measured using KSS. This method allows to measure
sleepiness in real time, taking into account the circadian rhythm and the environment. The recog-
nition of a dangerous behavior (state) of a driver, a method for automatic processing of electro-
encephalogram (EEG) data was developed to realize the task of modeling.

Today there are many smart devices that allow receiving EEG data without special sensors
and complex equipment that interferes with a person when driving. Examples of such devices are
various smart watches, bracelets, etc. These devices are convenient to wear on the driver's hand;
they do not distract a person from the process of driving a car, and do not restrict movement, thus
do not cause additional inconvenience and do not affect driving safety. Xiaomi smart bracelet
was used for the experiment.

Materials and methods of research. Now there are several methods used in hardware and soft-
ware systems to assess the functional state of a person (see Figure 1).
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Figure 1. Methods used to assess the functional state of a person
Although many signals can be used to assess driver fatigue, electroencephalogram (EEG) data
is one of the most predictive and reliable indicators because it directly measures brain activity
[15].
This is how the smart bracelet screen looks like for determining sleep phases based on EEG
(see Figure 2).
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Figure 2. Data transfer from smart bracelet

When analyzing the readings of EEG frequencies for this study the frequency from 0.3 to 20
Hz is interesting, i.e. four bands: 3, 6, a and . The 6 band usually appears in the deep sleep state,
so it was not used here.

We use the fast Fourier transform to obtain the average power spectra of the theta, alpha and
beta ranges: Ag, Aq, Ap, and Ap+ayp is the power spectrum ratio, which is used to estimate driver
fatigue [16].

Ag + Aq
Aw+a)/p = A4

Let us introduce the following notation and formalize the problem posed.

We will use the standard three-dimensional coordinate system X, Y, Z.

Let's designate the movements of the driver's head as H, where m can take the following
values:

- X, ¥, Z when moving along the corresponding axes,

- r is used to describe complex movements in space, for example, moving the head forward
and down at the same time.

The driver's body can also move along the corresponding axes.

The image of a person in a car is taken from the site depositfiles.com, the designations are ours
(see Figure 3).



«BECTHUK BKTVY» 270 Ne 1, 2023

Figure 3. The location of the driver in the car and the axis of movement

The parameters characterizing the position of the driver's head are the angle of inclination and
the angle of rotation of the head. The algorithm of camera calibration is shown in Figure 4.

In this calibration mode, the driver's head deviation angle is calculated with respect to the
plane of the front camera of the smartphone. This information about the position of the head
allows to detect a dangerous deviation of the angle of inclination / rotation of the head from the

one specified in the application settings. Determining the angle of rotation / inclination of the
driver's head:

Begin

1. diff < dAngle - offsetAnglePref

2. cAngle « diff * (if diff <0) do (-1) else 1)

3. isDangerAngle «— cAngle > anglePref or cAngle < -angePref
End

where
- dAngle is the recognized angle of head rotation/tilt relative to the camera plane,
- offsetAnglePref is the angle of deviation of the head rotation/tilt from zero degrees,
- anglePref is the allowable head rotation/tilt angle (non-negative value),
- cAngle is the driver’s head position angle, taking into account the specified deviation.
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Figure 4. Manual calibration algorithm

A combination of several methods was used to development the neural network. Indicators of
the PERCLOS method have been added, which allow to track the percentage of driver eye closure,
as well as an analysis of the frequency of yawning. The Figure 5 shows the visualization of eye
orientations.

At the top left in Figure 5 the eye is open. Upper right eye closed. At the bottom of Figure 5
is a graph of the change in aspect ratio over time. A drop in the aspect ratio of the eye indicates

blinking [17].
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Figure 5. The visualization of eye orientations

We looked in detail at the process of tracking the aspect ratio of the eyes to see if this value
drops, but also increases again In research papers [17, 18]. Next, the following variables are de-
fined for the thresholds: two constants are defined for blink detection and for the number of con-
secutive frames; if the number of frames with closed eyes does not exceed the threshold value,
then no alarm is triggered;

If the number of frames with eyes closed is greater than the threshold value, the count of the
number of such frames starts.

If the number of frames in which the person closed their eyes exceeds 47, then an audible
signal should be emitted.

The dlib library and a face detector based on a histogram of oriented gradients, as well as a
predictor of facial features were used for the analysis.

When building the neural network, the time of day was also added, since the average person
is most active in the first half of the day due to both homeostatic and circadian factors.

The general architecture of the Inception neural network is shown in Figure 6.
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Figure 6. The architecture of the neural network
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In this study, the developed neural network contains 3 layers:

- the first layer (input) - 7 elements;

- the second (hidden) layer - 14 elements;

- the third (output) layer - 2 elements.

The behavior of five drivers was analyzed: four men and one woman. Photos of the video
sequence for training the neural network are shown in Figure 7a and 7b.
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Figure 7. Photos from smartphone for neural network training

We use video using smartphones while driving. Smartphones of different manufacturers and
models that belong to the test drivers were used for the purity of the experiment. A second expe-
rienced driver was in the car for insurance during dangerous driving in a state of fatigue. Also, a
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training ground in Semey was chosen for testing, where there is no busy traffic and random pe-
destrians, including children and people with disabilities.
Photos from the control sample are shown in Figure 8.

silent alarm sound

Figure 8. The control sample

In the course of experiments to detect driver drowsiness, results were obtained showing stable
and sustainable operation of the application. The accuracy of the algorithm was 92%.

Results and discussion. As a result of the study, a software product was developed in the C #
programming language, which allows you to determine the state of a driving person.
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Figure 9. The main window of the software

The software product receives and processes signals from a smart bracelet and a smartphone
video camera using a neural network and monitors the driver's condition in real time. If necessary,
an audible signal is issued to attract the attention of the driver. The program allows to adjust the
sensitivity of the algorithm for a specific driver, as well as the sound level for the alarm.
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As noted above, the experiment was carried out under conditions close to real ones, at the train-
ing ground with the participation of drivers. According to the results of the experiment, we can
assume the stable operation of the algorithm in natural conditions.

Further research will involve transferring the program from a computer to a smartphone. This
will speed up the process of analyzing and processing information, as well as increase accuracy.
Currently, the software product runs on the Windows operating system platform and requires a
laptop or tablet in the car. Porting the program to the Android platform will allow drivers to use
their smartphone without additional devices to run the application.

The software product received copyright certificate “A certificate on data registration in the
state register of copyrighted objects of the Republic of Kazakhstan No. 18410, from June 04, 2021
(Shvets O, Shokarev A., Bakatbayeva Zh.)”.
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Figure 10. A certificate on data registration in the state register of copyrighted objects of the Republic of
Kazakhstan No. 18410, from June 04, 2021 (Shvets O, Shokarev A., Bakatbayeva Zh.)

Thus, the results obtained during the study showed the feasibility and relevance of using the
developed algorithms based on neural network technology and a software product in real condi-
tions to prevent drivers from falling asleep during driving.

Conclusions. It is presented ready-to-use software development of the method for processing
EEG signals from a smart bracelet and a video sequence from a smartphone using neural network
technology. All algorithms showed their efficiency in the course of full-scale experiments, the
hypothesis was confirmed. Wi-Fi was used to transfer data from the smart bracelet and
smartphone to the laptop. The developed software product differs from existing foreign analogues
in its interface adapted to local conditions and relatively low cost. When transferring this software
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product to the Android platform, it can be used by drivers to control the state of fatigue or drows-
iness, and when adapting the work of the program, it can be used in any routine monotonous work
to monitor the state of the operator in front of the monitors.
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