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The issue of maintaining human health is an important area of medicine. Today, there are
many diagnostic, therapeutic and preventive measures and technologies aimed at improving
the quality of health and increasing the life expectancy of the population. All existing
diagnostic techniques are performed in direct contact with the patient and the doctor. At
present, there is a rather low level of equipment with various medical and diagnostic
devices, as well as a low professional level of medical staff. This has resulted in an increase
in morbidity and mortality, and a real decline in life expectancy in Ukraine, which has been
observed especially in recent years. Today, medicine is facing the issue of early diagnosis
with a high probability of making an accurate diagnosis. This requires the development of
methods and technical means of high sensitivity and specificity of equipment for
determining biometric indicators and studying the measurement channels of biomedical
parameters. The literature review has shown that in order to develop command control
systems and speech-to-text conversion in a fused speech stream, it is necessary to use
«mechanisms» for automatic recognition and understanding of the operator's speech.
However, these «mechanisms» have some shortcomings, due to a large number of
interferences. The main goal of the work is to develop a device for diagnostic processing
and obtaining biomedical parameters for further analysis and electrophysiological studies,
which will generally increase the reliability of diagnostics. The algorithm of operation of
the system for remote monitoring of the psycho-physiological state of a person based on
heart rate and electrocardiological signal is presented. One of the ways to improve the
quality of human health prevention is to improve the quality of diagnostics of the
functioning of human organs. It is possible to improve the quality of diagnostics by early
detection of deviations from the norm of their functioning. It is known that the use of so-
called «smart» clothing is gaining popularity. When testing and creating algorithms for
processing experimentally obtained signals, it is necessary to thoroughly check them to
assess the reliability of recognising informative fragments, the accuracy of measuring
diagnostic features focused on these fragments, as well as a number of other indicators.
Keywords: system algorithm, heart rate, electrophysiological methods, electrocardiogram,
microprocessor unit, microcontroller, remote monitoring.

Introduction. The problem of maintaining human health is an important aspect of medical
science. Nowadays, there are many methods of diagnosis, treatment and prevention aimed at
improving health and increasing the life expectancy of the population. All of these methods
are usually performed during direct contact between the patient and medical staff. However,
today we can observe an insufficient level of medical equipment in various healthcare
facilities, as well as an insufficiently high professional level of medical staff. This leads to an
increase in morbidity and mortality among the population, which leads to a real decrease in
life expectancy in Ukraine, especially noticeable in recent years.

One of the main challenges in medicine is the need for timely diagnostics with high
accuracy. This requires the development of highly sensitive and specific methods and
technical means for determining biometric parameters and studying medical indicators.
Literature review. Today, so-called «smart» clothing (wearable technology), which can be
used to monitor health indicators, is becoming increasingly popular. «Smarty» clothing is
clothing that can interact with the environment by sensing signals, processing information and
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triggering responses. In «smart» clothing, fabric electrodes are actively used to capture the
electrocardiogram signal [1, 2]. However, the signal obtained using such electrodes has a
significant drawback — a large number of artefacts (noise, various interferences) of various
nature. When creating algorithms for processing experimentally obtained signals, they need to
be thoroughly tested to assess the reliability of recognising informative fragments, the
accuracy of measuring diagnostic features focused on these fragments, as well as a number of
other indicators. In addition, in real life, the shape of informative fragments is distorted by
various internal and external disturbances, which can only be reduced to additive obstacles in
some cases. All this complicates digital signal processing, stimulating the creation of new
processing algorithms. In this work, the research vector is aimed at improving the reliability
of the diagnosis, using modern advances in microelectronics and nanotechnology [1].

The review and analysis of relevant literature and patent sources on the topic showed
that the most valuable information for functional diagnostics is electrophysiological methods
based on measuring the bioelectrical activity of various human organs and tissues, in
particular the cardiovascular system. These methods are well-known and widely used in
practice. However, they have fundamental disadvantages caused by their metrological
characteristics.

Research Objective. The main goal of the work is to develop a device for diagnostic
processing and obtaining biomedical parameters for further analysis and electrophysiological
studies, which will generally increase the reliability of diagnostics. The algorithm of operation
of the system for remote monitoring of the psycho-physiological state of a person based on
heart rate and electrocardiological signal is presented. One of the ways to improve the quality
of prevention of diseases is to improve the quality of diagnostics of organ functioning.
Improving the quality of diagnostics is possible through the early detection of abnormalities
in their functioning.

Main Body. The algorithm of operation of the device for remote monitoring of the psycho-
physiological state of a person is shown in Fig. 1. The algorithm works as follows.

The patient puts on the suspension 2 with the belt part, which should fit the torso and
provide «dry» galvanic contact with the nipple areas, one of which is the paracardial area of
the anterior chest surface. After the suspension is installed, switch on the power supply (p. 2)
by simultaneously pressing the buttons on the monitor unit body.

The next step is to check the functionality of the modules: ADC 12, accelerometer 18,
Bluetooth contactless modem 17, RAM 15, clock 19, as well as the creation of a performance
table (p. 3). Then the initialization is performed: ADC 12 (sampling rate Fd=500 Hz),
accelerometer 18, Bluetooth contactless modem 17, RAM 15, clock 19 (p. 4).

Next, the portable monitor is switched to the monitoring mode (p. 5). At the same
time, the ADC is polled (p. 6). Sampling and searching for RR intervals are accumulated in
the memory of the microcontroller 13 (p. 7). If the RR interval is found (p. 8), the
accelerometer 18 is polled: «Is there a patient movement?» (p. 9). If movement is detected, its
duration is determined (p. 24), and if the movement lasts more than 2 seconds, the device is
switched to the «sleep» mode (p. 25). During the «sleep» mode, the accelerometer 18 is
periodically polled to detect the lack of motor activity in the patient.

If there is no movement for 10 seconds, the device enters the operating mode. When
the patient is calm (accelerometer 18 does not show movement, i.e., there are no motion
artefacts), the patient's condition is searched for cardiological pathologies (p. 10). To do this,
the measured parameters are compared with the parameters obtained in p. 21 during training
and the set thresholds:

— heart rate (HR) >140 — paroxysmal tachycardia;

— HR>240 — atrial flutter;

— absence of R-peak;

— arrhythmia (A variable arrhythmia > A reference arrhythmia value + threshold);
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— rhythm disturbance (HR number of measurements # HR number of reference
measurements, or if: N imperial measurements > N imperial reference measurements with HR
number of measurements = HR number of reference measurements);

p1Ir

: ; H
Dressing p1 | Bfoomation TES Dibitiracades :
SEHEOT ) ffom ST e i

P20

Diata Diloaitior
P2 2pcamd S
L) P12
Ilz
Traitine Dratabace a
TES iri i
Crestingtableswith | P3 Sl
; P22
atierd data
2 P23 VES
SWITCH OFF
SWITCH OFF 'lJ
¥
MO
Syetem T4 o
Sl
SDr card file
l LOGht 30
T B3
Ionit crirgz mode ry
* P15
Fommivg a table
i HD Tt
¥
Polls AT:C Pa ST card
¥ P13
-i BT Sle de P14
Search RR-frtermral p Mo STr-card
HO
Pa T
FES MO
EER-mriderral VES ;
P4 Sending data P12
I i MO
secoruds S
Pa
HO P11
T fhuere monTemert L P10 I patalogy fonmd
Seanch for
MO cardiological
pathuologies

Fig. 1. Algorithm of the remote monitoring system of human psycho-physiological state
— check whether the sign of the P-peak has changed or the sign of the T-peak has changed.
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If a pathology is found at the end of the analysis stage (p. 11), the modem 17
communicates with the GSM modem of the patient's phone — the microprocessor generates
and sends an SMS message (p. 12).

This message may contain one of the following cardiological diagnoses:

— paroxysmal tachycardia;

— atrial flutter;

— absence of R-peak;

— arrhythmia

— heart rhythm disturbance;

— cardiac arrest;

—prognosis of dangerous ventricular arrhythmias;

— extrasystole;

—dangerous rise of the ST-segment;

— absence of R-peak or negative R-peak;

—absence of T-peak or negative T-peak.

Next, the SD memory card is initialised (p. 13, 14). The performance table (in the
form of the HDT.txt file) is saved to it. Then, the LOG.txt file is created on the SD card and a
60-second «fragment» of the signal is saved in the ECG.txt file (p. 16). It is checked whether
an external computer is connected via the USB port (p. 17), if so, the microprocessor reads a
command from the computer via the USB port (p. 18). Depending on the command, either
direct data transfer to the computer is performed (p. 19), or data is read from the SD memory
card (p. 20), or the system is individually set up for the patient («trainingy, p. 21).

Next, it checks whether the system needs to be switched off (by simultaneously
pressing two buttons on the monitor unit case, p. 22). If «NO», the algorithm returns to p. 7. If
«YES», the algorithm returns to p. 2. The algorithm can be run for many days according to
this cycle of steps (p. 1-25). If necessary, the device can be switched off by pressing two
buttons simultaneously on the monitor unit body (p. 22). Switching the monitor on and off is
signalled by a tactile vibration alarm 21, which is mounted on the monitor body and is felt by
the patient through the waist part of the bodice. The original design of the spherical electrode
matrixes does not have an irritating action on the patient's body and allows for the acquisition
of an electrocardiological signal (ECG), a signal with sufficient reliability for emergency
diagnosis [4, 5].

The main advantage of the device is the ability to use ECG shapes in patients with
pathology, which is ensured by the individual patient adjustment mode. In addition, the device
allows to differentiate ECG signals obtained during patient movement from signals of cardiac
emergencies due to the elimination of motion artefacts. In the presence of intense patient
movements, the device's power supply is switched to sleep mode, which significantly extends
the monitor's life [4, 5].

A mobile monitor for a cardiology patient, an electrocardiogram (ECG) block
containing an analogue-to-digital converter (ADC), a removable memory card, connected to a
microcontroller. The latter is distinguished by the fact that it additionally includes means for
generating SMS messages through a GSM telephone modem, a three-axis accelerometer, a
real-time clock, a USB port for communication with external devices, a common-mode
interference suppression unit associated with a microcontroller and an operational device
(RAM). At the same time, the ECG block contains two electrode arrays made with the
possibility of fixing and «dry» contact with the areas of the front surface of the chest. Each
matrix contains two groups of electrodes, one of which is connected to the in-phase
interference suppression unit, and the other to the inputs of the operational amplifier, the
output of which is connected to the ADC through a filter. At the same time, the
microcontroller is designed to store individual ECG parameters of the patient in the RAM and
compare them with the ECG parameters of the current monitoring, taking into account the
ECG parameters, according to the established criteria. The ECG parameters are obtained in
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the absence of motion artifacts recorded by the 3-axis accelerometer, and if the ECG
parameters of the current monitoring differ from the individual ECG parameters of the patient
by more than the critical value, an SMS with a diagnosis is generated via the GSM modem of
the phone.

As shown in Fig. 1, the algorithm can be seen that in the presence of motion artefacts
registered by the 3-axis accelerometer, the microcontroller goes into sleep mode (p. 25) and
the ECG unit is turned off (p. 22).

When changing memory cards, ECG parameters are entered into the table, or an SMS
message with ECG parameters is transmitted (if a smartphone is used for data transmission)
from the moment the parameters are formed in p. 19. Note that p. 8 distinguishes which ECG
parameters determine the preferred duration of RR intervals, time and amplitude
characteristics of the QRS complex and ST segment.

P. 1, is responsible for the installation of a bodice-type suspension on the patient, with
the electrode matrices of the ECG block placed in the waist part of the bodice, connected by
flexible wires to the device body, on the walls of which are mounted a three-coordinate
accelerometer, a tactile vibration alarm and power buttons. The body itself is designed to fit
into a pocket of a person's waistband.

With the development of telemedicine, an acute problem has arisen in the manufacture
of tonometers that can be wirelessly connected to a PC or smartphone using a Bluetooth
channel or other suitable modem. The stages of using such devices are as follows [6]:

— data transfer to a PC or smartphone;

— collection of statistics, the ability to analyse the collected data;

— derivation of trends.

The smartphone is used not only for data collection, but also for control with the
ability to view pulse wave graphs.

Each block and its purpose is described in more detail below. Fig. 2 shows the
functional electrical circuit of the complex for wireless remote monitoring of the human
psycho-physiological state [1-5].

The developed device can be divided into several functional blocks:

— signal registration

— analogue processing;

— microprocessor block;

— power supply unit;

— visual presentation of results;

— data transmission block.

Conclusions. The work provides an analytical review of scientific and technical publications
and patents on medical technology and biometric engineering in the field of monitoring the
physiological state of the human body with a view to further developing technical means for
assessing pathological changes in the human condition. The ways of building relevant devices
using wireless networks are planned.

The algorithm of operation of the system for remote monitoring of the psycho-
physiological state of a person using tissue electrodes is developed, and the functional
diagram of the complex for wireless remote monitoring of the psycho-physiological state of a
person is presented.

The results of this study can be used to create a system for monitoring a person's
condition based on their ECG.

The results of the study point to new directions for improving the electrocardiograph's
work.
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Fig. 2. Functional electrical circuit of the complex for wireless remote monitoring of human

psycho-physiological state [6]
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IIpobnema 30epekeHHS 3IOpPOB'S JIOJAWHU € BAXJIMBAM HAmpsMOM MeauiuHd. HuHi icHye Oe3iiu
JIIarHOCTUYHUX, JTIKYBaTbHUX 1 MPO(ITaKTHYHUX 3aXO0/IiB Ta TEXHOJOT1H, CIPSIMOBAHUX Ha MiJABHUIICHHS IKOCTI
3JI0pOB's], 301IbIIEHHS TPUBAJIOCTI UTTS HACEJICHHs. YCl iCHyI0Ul 1iarHOCTHYHI METOJMKH BUKOHYIOTBCS TIPH
Oe3rocepelHLOMY KOHTAaKTI XBOporo 3 JikapeMm. Hapasi crHocrepiraeTbcsi JOCTaTHBO HHU3BKUH pPIBEHb
OCHAII[EHOCTI PI3HOT JIIKYBaJIbHOI Ta A1arHOCTHYHOIO arapaTyporo, Tak caMo SIK 1 HU3bKuil mpodeciiiHuii piBeHb
JKapchKoro ckiany. HacnminkoMm IbOro € 3pocTaHHs 3aXBOPIOBAHOCTI 1 CMEPTHOCTI HAaceNeHHs, peajibHe
3HIDKCHHSI TPHUBAJIOCTI XKHUTTS HACENCHHS YKpaiHW, IO BiIMI4aeThCS OCOONMBO OCTaHHIMH POKaMu. 3apa3 y
MEIMIMHI CTOITh MUTaHHS PaHHBOI JIalrHOCTHUKY 3 BUCOKOIO IIMOBIPHICTIO IMOCTABJICHHS TOYHOTO AiarHo3y. Lle
BUMAara€e po3poOKH METOMIB i TEXHIYHHX 3ac00iB BHCOKOI YYTIUBOCTI 1 CIEHU(IYHOCTI amaparypu s
BHU3HAYCHHS OiOMETPHYIHHX MMOKA3HUKIB Ta JOCHTIHKEHHS BUMIiPIOBAIFHUX KaHAIIB OI0MEINYHUAX MapaMeTpiB.
JliTepaTypHHI OTJISLI TOKa3aB LIO Ul PO3POOKH CHCTEM KOMAaHIHOTO KepyBaHHS W MEPETBOPSHHS «MOBa —
TEKCT» y TOTOL 3JMTOi MOBH, HEOOXiZTHO BUKOPHCTOBYBAaTH «MEXaHI3MW» aBTOMAaTHYHOT'O PO3ITi3HABaHHS Ta
PO3YMIiHHS MOBH ofmeparopa. Ajie Il «MEXaHI3MW» MarTh J¢ sSKi HEIOJIKH, I¢ IOB’S3aHO 3 BEIHKOIO
KUTBKICTIO 3aBaj. OCHOBHOIO METOIO pOOOTH € PO3poOKa MPUCTPOIO IarHOCTUYHOI 0OPOOKH, Ta OTPUMAHHS 33
HOro JI0IOMOror0 010MEIMYHUX MapaMeTpiB Ul MMOJAIBIIOTO aHalli3y Ta eJIeKTPOoQi3ioNoriYHuX JOCIiIKEHb,
M0 B LUIOMY WiJBUIIUTH JOCTOBIPHICTh JiarHOCTUKW. IlpencraBieHO airoputM poOOTH CHCTEMH
JMUCTAHI[IHOTO MOHITOPUHTY NCHXO0()I310JIOTIYHOr0 CTaHy JIIOAMHU 3a IOKa3aHHSAMH YacTOTH CEPILIECBUX
CKOpOUYCHb Ta EJCKTPOKAPHIONOrigHOTO curHamy. OmHHM i3 CIOCOOIB MigBUIIEHHS SKOCTI MPOdiTaKTHKH
3JI0pOB’Sl JIIOOWHH € TMOJINIICHHS SKOCTI MiarHOCTHKH (PYHKIIOHYBaHHS ii opraHiB. [liIBUIIMTH SAKiCTH
JIarHOCTHUKH MOJIIMBO IIJIIXOM PaHHBOTO BUSBJICHHS BiIXWICHB Bill HOPpMH iX (pyHKIiOHYBaHHS. Bimomo, mo
HHMHI HaOWpae MONyJIAPHICTh BHKOPHUCTAHHS TaK 3BaHOTO «PO3YMHOro» onsry. Ilpu TecTyBaHHI i CTBOpEHHI
ANTOPUTMIB OOPOOKH eKCIIepHMEHTaIbHO OTPUMAHHUX CHTHAJIB MOTPiOHA IX peTesnbHa MepeBipKa U OWiHKH
JIOCTOBIPHOCTI po3mi3HaBaHHA i1HQOPMATHBHHUX (pPArMEHTIB, TOYHOCTI BHMIpPY MJIarHOCTHYHHUX O3HAK,
30Cepe/PKEHHX Ha X (parMeHTax, a TAKOX PsIy 1HIIUX MTOKA3HHUKIB.

KarouoBi cioBa: airopuT™M CcHCTEMH, YacTOTa CEpIEBUX CKOPOYEHb, eIEeKTPOoQi3ioioridHi MeTonu,
€JIEKTPOKAPIi0rpaMa, MiKpOTIPOIIECOPHHUH OJI0K, MiKPOKOHTPOJIEP, AUCTAHIIHHII MOHITOPHHT.
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