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Abstract — The work describes the features of studying the
functional <ate of road users by recording an
electrocardiogram. Reviewed different methods of research.
Presented requirements for modern cardiographs and devices
that meet these requirements. Also was conducted a brief
description of the software for the processing of research
results.
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[. Introduction

The devel opment of technology facilitates human work
in al spheres of its activities. It also affected the scope of
research. So, for example, earlier, to find out the level of
alcohal in the blood of the driver, was conducted a blood
test. This process took a lot of time. Instead, modern
devices can do this in less than 1 minute. The speed and
quality that modern devices and programs provide is a
very important factor in conducting various types of
research.

[l. The driver’s functional state
and methods of its research

Functional state (FS) — indicator that shows the level of
vital activity of the organism and the level of its
adaptation to the environment [1]. If consider the FS, as
an indicator of the rdiability of the work of road users,
including drivers, it can reflect their effect on road safety
and the ability to perform their duties.

There is a dgnificant number of electrophysical
methods for evaluating FS. The most common of them
is[2]:

- eectrocardiogram (ECG)
electroencepha ogram (EEG);
electromyogram (EMG);
galvanic skin response (GSR);
electrooculogram (EOG);

In transport research, the most commonly used method
is ECG analysis. Electrocardiogram — a graphical record
of the appearance and change of dectrical phenomena
that arise in the heart muscle during its activities.

The first experiment, which became a prerequisite for
the emergence of modern techniques for recording ECG
carried out in Cambridgein 1912 by professor Willem
Einthoven [3]. There are 2 methods for recording ECG at
the moment:

1. Themethod of short records;

2. Holter'smethod;

The method of short recordsis madein adarkened room
and the subject under study are asked to stop any activity
during 15 minutes before the experiment starts.
Regigtration itself lasts 5 minutes (300s) [4].

INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 2325 NOVEMBER 2017, LVIV, UKRAINE

It should be noted that the modern cardiograph should
meet the next requirements [4]:

- the presence of an anaog-digital converter for

digitizing the ECG signdl;

- to ensure the highest accuracy of the location of the
peak of the R wave at the level of 0.5 ms, the
guantization frequency should be at least 1000 Hz;

- The software tone localization agorithm R should be
sufficiently reliable to avoid inaccuracies, especially
in the case of low-quality ECG recording, presence
of network drives (50.0 Hz), artifacts and other
obstacles;

- Should be anthremore and other filters of high and
low frequency. They serveto eliminate network cues,
electrical signalsfrom muscles and other noises;

- the construction of a software algorithm for
calculating heart rate variability (HRC) parameters
should be caried out in accordance with the
standards;

- the program should provide access to manua
correction of records in order to exclude from the
anaysis, if necessary, individual extrasystoles,

- The program should be easy to use and have an
accessible interface so that medical personne can
easily read the recording data of short ECG periods
regardless of the level of skill.

Holter's method, named after the American researcher
Norman Holter. He was the first ho conducted a long-
term ECG registration. This method made possible to
detect disturbances in the work of even a healthy heart
through the influence of harmful factors. As a rule,
monitoring is carried out from 1 to 7 days. For this
moment, there are two methods of thisresearch [5].

1. Full-scale monitoring;
2. Fragment method.

With full-scale monitoring, the measurement lasts from
24 to 72 hours. Today it is used most often and is quite
informative. It enables the most complete assessment of
the cardiovascular system. It enables the most complete
estimate of the cardiovascular system work.

The fragment method is used when there are failures in
the work of the heart and they are irregular in nature.
Then measurements can be made longer, or only at atime
when the subject is feeling discomfort. In such cases, the
patient clicks the button by activating record by himself.
It is also used during research when measurements are
made in certain periods of time. It is this method that is
used in the research of FS of road users. Because it gives
a detailed description of the heart rate variability (HRV)
changes and the moments when it departs from the norm.

lll. Hardware and software
for research of functional state

When ECG isrecorded by method of short records next
devices are used: Mobile ECG «Mosquito» (Fig. 1. a),
Digital 12- channel electrocardiograph (Fig. 1. b) etc.

Mobile ECG «Mosquito» — created for persona use by
patients and doctors. It is compact and synchronized with
any phone on the Android operating system [6].
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Digital 12-channd electrocardiograph — is one of the
newest devices for registration. He is able to record an
ECG by the method of short recordings and Holter's
method. So, it can be considered multifunctional [6].

b)

Fig. 1. Devicesfor recording ECG using the short record
method

When ECG is recorded by Holter's method, next devices
are used: SDM3, Polar smart H7, ECGpro etc.

“SDM3" — capable of monitoring up to 48 hours. Built-
in compatibility with the Android operating system,
Allows you to connect this device with a smartphone to
recive fast theresults (Fig. 2. @) [7].

“ECGpro” — fadt, professional, with a complete st of

techniques, cardiology complex. It is equipped with a screen
for monitoring the change of HRV and edit the way of
submitting information before printing (Fig. 2. b) [8].
“Polar smart H7" — combined Heart Rate Monitor,
designed to record heart rate during exercise or active
rest. Compatible with most programs for HRV analysis,
which are working on the basis of the android operating
system (Fig. 2. ¢) [9].

c)

Fig. 2. Devicesrecording ECG by Holter's method

For synchronization with devices such as SDM3, Polar
smart H7, can be used next programs HRVxt, HRV
monitor, HRV lite. Characteristics of these programs are
listed below [10]:

TABLE 1
SOFTWARE FOR ROAD USER'S FUNCTIONAL STATE
RESEARCH [10]

Name Characteristic What indi cators
determine
1 2 3
Output parameters
by user choice. HR, RR, SDNN,
HRVxt Synchronization RMSSD, SDSD, pNN50,
by using SD1, II/12, SD1/SD2,
Bluetocth with LF, HF, LF/HF
Polar devices
Ability to export RMSSD, SDNN, SDSD,
datato different pNNS50, SD1, SD2,
HRV programs Pulse, Power_ of LF&HF-
monitor Synchronization Band with FFT
by using Livespectrum, OLF- &
Bluetooth with @OHF-Frequency and
Polar devices Poincaré-Plot

CONTINUATION OF TABLE 1

1 2 3
Ability to record
HRV without time
limit. Also ability
to show the level
of stress.
Synchronization
by using
Bluetooth with
Polar devices

MPB, SDNN, RMSSD,

HRV li
ite PNN50

All these programs run on the Android operating
system.

Conclusion

Results of the literary andysis shows, ECG is one of
the ways to study the FS of road users. It is determined
that for this kind of research Holtree method of recording
ECG is best suited. It alows to get more accurate datain
real-world conditions. This is due to the fact that it is
ECG that can accurately show the slightest changes in the
state of the body of the road user.
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