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JIpyKyeTbes 3a pillleHHSIM BUCHOI paan YepHiriBCcbKoro HalioHaIbHOTO TEXHOJIOTYHOIO YHIBEPCHTETY (IIPOTOKOI
Ne 3 Bin 27.04.2020 p.). HaykoBuit sxypran « TexHiuHi Hayku Ta TEXHOJIOTI» BHECEHO 0 MepeiKy HayKoBHUX (paxoBHX
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Lhor Sobianin, Valerii Skonechnyi, Inna Yarova

PORTABLE ELECTROCARDIOGRAPH WITH GSM MODULE
FOR TELEMEDICINE

Urgency of the research. The principles of telemedicine need to be put into practice of emergency medical care and
Jfamily medicine, so there is a need for diagnostic medical equipment with the ability of data transfer and remote consulting
with subject matter experts.

Target setting. Currently, ECG testing consumes the time to prepare the device for work, needs for the personal com-
puter as the additional equipment and requires highly skilled staff. The development of portable electrocardiographic equip-
ment with built-in means of communication is a task of current importance for biomedical engineering.

Actual scientific researches and issues analysis. The current researches in the development of portable cardiograph for
primary preclinical diagnostics are focused on the choice of optimal design parameters of device and the incensement of
noise immunity of medical equipment.

Uninvestigated parts of general matters defining. This article focuses on the design development of the portable elec-
trocardiograph with built-in GSM module for operation in telemedicine systems.

The research objective is the design of the portable electrocardiograph for telemedicine that has a convenient interface
for device control, is equipped with means of communication with cardiac care centers, has universal ports for information
output to external drives and connection of additional devices, is as ergonomic as possible, meets safety, reliability and ener-
gy efficiency requirements.

The statement of basic materials. The main design requirements to portable electrocardiographic equipment are fornu-
lated. The basic functional units of the device are chosen and its electronic block diagram is synthesized. The computer simu-
lation of processes and parameters of the circuitry of the instrumentation amplifier functionality at given operating tempera-
tures proves the validity of proposed circuit design. The constructive implementation of the schematic diagram is designed.
The device constructive parameters that meet the requirements of telemedicine most closely are defined.

Conclusions. The key features of the designed portable electrocardiograph with GSM module are: the embodiment in
Sfolding form-factor, the availability of GSM module, the constant connection of ECG electrodes via integrated ECG cable.
The embodiment in folding form-factor optimizes ergonomic characteristics of the device. The replacement of non-integral
ECG cable with integrated one reduces the intensity of internal noise and reduces time to prepare the device for work. Built-
in GSM module provides affordable communication with specialized medical facilities, thus reducing the duration of the
diagnostics and increasing the efficiency of the medical care in non-ambulatory out-hospital an outpatient setting.

Keywords: electrocardiography; portable electrocardiograph; telemedicine; GSM module; data transfer; folding form-
factor; integrated ECG cable.

Fig.: 4. References 17.

Urgency of the research. The cardiovascular disease (CVD) is the most common type of
noncommunicable diseases worldwide. According to the WHO, deaths from CVD make up
31% in the structure of all-cause mortality. This issue is extremely relevant for Ukraine too
that takes the first place among European countries in terms of incidence and mortality from
CVD [1]. The concept of combating CVD provides a universal health coverage that includes
the mandatory electrocardiography in Ukraine. It can take two forms: the routine testing car-
ried out in an outpatient setting and unscheduled non-ambulatory express-ECG in providing
the emergency medical care or in suspected case of CVD.

The portable electrocardiograph with the function of data transfer to the specialized medi-
cal facilities is necessary for a real-time unscheduled assessment of the patient’s condition. It
is proven that preclinical diagnostics and immediate care in case of acute manifestations of
the CVD increase the effectiveness of further treatment.

The urgency of this research is to develop the design of the portable electrocardiograph
(PEC) intended for use in telemedicine — in family medicine and in emergency medical care.

Target setting. The electrocardiographic equipment is generally a kit consisting of elec-
tronic unit of monoblock form-factor, standard ECG electrodes, the shielded ECG cable. ECG
testing data are saved as printout on ECG-paper or by transferring on the computer. As a re-
sult, ECG testing consumes time to prepare the device for work, needs the personal computer
as the additional equipment and requires highly skilled staff. The development of portable
electrocardiographic equipment with built-in means of communication is a task of current im-
portance for biomedical engineering.

© Co0snin I. B., Cxoneunuii B. B., flposa I. A., 2020
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Actual scientific researches and issues analysis are devoted to the selection of optimal
design parameters of the portable electrocardiograph and the incensement of its noise im-
munity. The design of the proposed PEC is determined by the following parameters: method
of registration of biopotentials, number of recorded leads, interface type for the device, meth-
od of data displaying, type of ports for data transfer, type of the power source.

The method of registration of biopotentials plays an important role. Simplest single-
channel devices include integrated capacitive ECG sensors [2]. The disadvantages of such de-
vices are signal distortion because of the variable skin-electrode resistance and high sensitivi-
ty to mechanical movement upon contact that reduce accuracy of received data [3]. In order to
take an ECG test, the aforementioned devices should be pressed against the chest or they
should be firmly squeezed with the palms of both hands. This method is convenient for moni-
toring or self-monitoring of the well-being, but it cannot be used in emergency medical care,
especially if the patient is unconscious. In terms of interference minimization and conven-
ience of information acquisition, PECs equipped with electrodes fixed to the patient’s body
are preferred [4]. Out of two designs used, the clamp ECG electrodes are more convenient to
use rather than the suction cup ECG electrodes [5].

The number of recorded leads for electrocardiographs of different designs varies from 1 to
12 [6]. This parameter is not considered as the primary one for the express-ECG [5]. In order
to determine the critical deviations of the cardiovascular system functionality the registration
of biopotentials from three leads according to the Einthoven principle is enough [7]. An in-
crease in the number of leads affects the amount of interference and the energy intensity of
the device, and it also increases the testing preparation phase for the patient.

PEC tor express-diagnostics in non-ambulatory setting must have both a user-friendly vis-
ual interface and an ergonomic way of interacting with the device [8]. Practically all the de-
vices, which are in service, are controlled via the button interface with the dialogue window
on the liquid crystal display, that simplifies the handling of the device, increases the device’s
strength and minimizes system energy consumption [5, 7].

A number of PECs provide a function to print the cardiogram on a thermal paper directly at
the place of diagnostics, which is convenient for diagnosis and saving of the results of the test-
ing [5]. On the other hand, the use of the thermal paper involves the design of the thermal print-
ing compartment with the possibility of paper replacement, the allocation of volume to house
the heat source and the support shaft. Not only do these elements significantly complicate the
design, but also affect the power consumption and resistance of the device to the shock loads.

Energy efficiency and autonomy are significant factors to be considered in the develop-
ment of portable medical equipment in general and equipment for telemedicine in particular
[4; 9]. To implement them, the device must have a low power consumption and stay opera-
tional at the testing place, regardless of the availability or absence of electrical powerlines.

Uninvestigated parts of general matters defining. The disadvantage of standard electro-
cardiography methods is the signal distortion, as a result of the electromagnetic interference
[3]. Connectors and connecting cables, the human body, the PEC computing module generate
electromagnetic distortions [10]. In addition, an important factor is the mechanical strength of
the connectors in operating conditions with a large number of pairing cycles [11]. One of the
aspects of PEC development is crosstalk level reduction and durability improvement of the
equipment by reducing the number of cables and connectors in structural design of the device.

The built-in GSM module is a key design element in the development of portable electro-
cardiograph for telemedicine. It provides an opportunity of transferring diagnostics results and
receiving instructions from specialists, reducing the time interval between taking a cardio-
gram and diagnosis [12 — 14]. The LAN port should be considered as an alternative to the
GSM module — a less expensive, but a rather quick method of an access to the cardiology
network [14]. However, at the same time, a place of a patient’s testing should have access to
the Internet, and the PEC kit must come with an appropriate cable.
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There is a need to study the dynamics of cardiologic indications; therefore, it is important
to save this information by transferring it to external storage devices or a computer [12]. The
prevalence of the USB connector as a generally accepted method of the data transfer explains
why it is a feature in PECs, but it requires certain design changes, taking into account the er-
gonomics of the device [2, 7]. The use of the SD card provides an ability to store up to
2 terabytes of cardiac imaging protocols [15]. However, the SD card port is less common than
USB, which explains the need for an external storage devices reader.

The research objective is the design of portative electrocardiograph for telemedicine that
has a convenient interface for device control, is equipped with means of communication with
cardiac care centers, has universal ports for information output to external drives and connec-
tion of additional devices, is as ergonomic as possible, operates in compliance with safety,
reliability and energy efficiency requirements.

The statement of basic materials. The designed PEC is focused on the potential use in
Ukraine and bordering countries of Eastern Europe. The ambient temperature is the main ex-
ternal factor that has a destabilizing effect on the operation of the device. Taking into account
the specitics of work of family doctors and emergency medical care teams, it is assumed that
the device will be used indoors, while the operating temperature can vary in the range from
+1to +40° C.

The main functional units of the designed PEC are:

— PIC24FJ256DA106 microcontroller;

— HJ070NA-13A color liquid crystal display with the touch screen;

— SMD-KAAG15008C micro dynamic speaker;

— PJ-002A-SMT tonometer port;

— SIM900D mobile communication module;

— 220V power supply unit;

—JiINWo NiMh 9.6V 4000mAh rechargeable battery.

In this paper the electronic block diagram is synthesized (fig. 1). The range of heart bioe-
lectric potentials recorded by the device is 0.03 to 5.0 mV. Signals from the ECG electrodes
are sent to the lead selector switch. The selection of the current lead is done by the microcon-
troller through the user menu on the display of the cardiograph. Then the signal enters the cir-
cuitry of the instrumentation amplifier, which amplifies the voltage difference that is present
in the electrodes. After the signal passes the low-pass filter with a double T-bridge and the
cut-off frequency of 10 Hz, it enters the inverter that creates the waveforms of standard form
on the display. The inverter is driven by the microcontroller. The tuning resistor located in the
signal regulator block sets the signal strength. The diffuser loudspeaker sounds an indication
of the cardiography completion and of other performed processes.

The USB with an antenna module is connected to the microcontroller to download refer-
ence cardiograms and save the testing results to a portable storage. According to the technical
requirements of the GSM module, this structural unit includes the separate power supply cir-
cuitry and the SIM card slot.

The touch panel display driven by the microcontroller is intended to create user menu via
software and optimize PEC button interface.

The proposed cardiograph model contains the port for connecting an electronic tonometer
to supplement the electrocardiogram with blood pressure readouts that is an integral part of
ECG diagnostics.

Operation of the device in the autonomous mode is provided by a built-in battery, which is
charging through the power supply unit from a standard 220 V power line.
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Fig. 1. The portable electrocardiograph: block diagram

Verification of the signal conversion efficiency by the designed electronic unit was produced
by the computer simulation of the circuitry section. The circuitry of the instrumentation
amplifier, which is the input circuitry of the schematic diagram of designed PEC, is selected as
the object of the simulation. The reliability of signal travel through this section is of utmost
importance during the ECG-testing [16]. The ranges of cardiometry data deviations at various
values of the ambient temperature are the output parameters of simulation [17].

The given tasks were solved in the OrCad 9.2 system. The model of the cascade of PEC
instrumentation amplifier was constructed in electronic circuit simulator Pspice Schematics and
the relations of its electrical characteristics at specified operating temperatures were determined.

The temperature values for the simulation are selected by:

— extreme values of operating temperature +1 and + 40°C in the macroclimatic
modification of the device for a moderate and cold climate (according to GOST 15150) when
it is operated by emergency medical care teams;

— the mean value of operating temperature is + 20° C, which corresponds to the standard
temperature in the family doctor’s office (according to DSTU B EN 15251:2011).

The simulation condition is introduced, that assumes the circuitry operates in the mode of
the 1st lead biopotential aquisition according to Einthoven. The simulation was carried out for
the condition of the inverted test signal, which simulates the cardiac waveform. In PSpice
software the test signal is simulated by the piecewise-linear voltage source VPWL (fig. 2a).

The simulated section of the circuitry has a property of amplifying the difference of the
input signals. Thus, ideally, the output should be represented by a straight line f{¢f) = 0 when
applying the same signals to the inputs. The actual result of the simulation of the operation of
the cascade of the PEC instrumentation amplifier for three given values of operating
temperatures are the curves of internal interference (fig. 20).
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Fig. 2. The simulation of the signal travel through the instrumentation amplifier circuitry:
a — test signal simulating cardiac waveform; b — the range of deviation of the test signal

According to simulation results of the signal travel through the circuitry of the
instrumentation amplifier, the internal noise level of the circuitry reproduced by the software
does not exceed 300 nV. Obtained values of the internal noise level are significantly less than
margin of error of £ 25 nV. The nature of the curves shows that the affect of noise changes
insignificantly with an increasing temperature in the studied range.

According to the simulation results, stabilization of the system occurs within 3 s (fig. 3a).
In this case the primary voltage surge in the circuitry reaches values of 700 nV. (fig. 3b). The
obtained voltage value does not endanger the equipment, since the electronic components can
withstand surges of up to several volts, while the stabilization time is comparable to the
period of the cardiac waveform. Thus, by means of complex computer simulation, the effi-
ciency of signal conversion by a circuitry of the instrumentation amplifier in the given range
of operating temperatures is confirmed.
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Fig. 3. The transient simulation in PEC circutry:
a— transient response in 5 s. range; b — the scaled peak of the transient waveform
with visible temperature fluctuations

For the designed PEC the folding form-factor is proposed. The case and the cover con-
nected by hinges are the major structural elements of the device (fig. 4).

The cover serves as the frame for the color LCD touch screen. The printed circuit board
with the processor module and the GSM module are placed behind the display. There is also
the low-profile micro speaker. The USB connector is located on the side of the cover.

The case contains the tonometer port, battery and power supply. The case design houses a
removable insert with pockets for placing the ECG electrodes kit in transport position, while
simultaneously hides the implementation of the wired connections of the tonometer port, bat-
tery and power supply. To prevent an accidental loss of the ECG electrodes from insertion
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pockets and to prevent damage to other parts of the device, the Velcro tape reliably fixing
their position is featured. The electrical safety of the battery and power supply elements meets
the requirements of IEC 60601-1: 2005.

P o

Fig. 4. The portable electrocardiograph: 3D-model

The designed PEC model is proposed to be equipped with four standard ECG electrodes
of clamp design. Sensors of this type are firmly fixed to the body and they provide high accu-
racy acquisition of the standard 3-lead ECG. For practical purposes color and letter marking
of the electrodes meets the requirements of ANSI/AAMI ECI3, EC53 and
IEC 60601-2-47. ECG electrode conductors are assembled into a single shielded ECG cable,
permanently connected to the adapter located in the case. This omits the operation of connect-
ing the cable, thus reducing the level of electromagnetic noise and the time spent to get the
device into the operating position.

The cover and the case are connected with hinges. The proposed design solution minimiz-
es the volume of PEC during transportation and allows an ergonomic adjustment of the device
for the user’s needs. The maximum angle of the device opening is 135°. During transporta-
tion, the PEC is locked with a latch. The cable of the ECG electrodes is connected to the pro-
cessor module located in the cover, by means of an adapter with a flexible loop.

Conclusions. In the arrangement of the functional elements of the personal electrocardio-
graph, technical solutions are proposed that are not applicable in electrocardiographs pro-
duced by domestic manufacturers. The key design features of the developed PEC model:

— the folding form-factor provides the most ergonomic placement of structural elements,
as well as protects the LCD touch screen from damage;

— the built-in GSM module ensures ECG data transfer to cardiologic care centers;

—the color LCD touch screen creates an optimal user interface;

— the electronic tonometer port expands the possibilities of express-diagnostics;

— the absence of a thermal printing unit reduces energy consumption and weight of the de-
vice, thus increasing its mobility.

The structural implementation of the electrical circuit is characterized by an innovative
approach to the placement of the device functional elements. The implementation of the de-
vice in folding form-factor improves ergonomic characteristics of the device. The biopotential
measurement in three leads fully suits the requirements of primary preclinical diagnostics in
non-ambulatory settings. Replacing the removable cable with an integrated one reduces the
level of induced internal noise and also reduces the time taken to bring the device to operating
condition. The built-in GSM module provides a reliable communication channel with special-
ized medical institutions. The use of a 7-inch color touch-sensitive liquid crystal display cou-
pled with a virtual user interface expands the capabilities of the device.
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Implementation of the proposed PEC model will make it possible to provide emergency
medical care services and family medicine services with equipment for express-ECG, which
in turn will reduce the number of CVD deaths in Ukraine, as well as facilitate monitoring of
patients who undergo respective outpatient treatment.
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IOPTATUBHUI EJIEKTPOKAPJIIOTPA® 13 GSM MOJIYJIEM
AJIA TEJJEMEINITHHA

Axkmyansnicms memu 00cnioxcenna. Heobxionicme enposaoicents 6 npakniKy NpUHYyunie menemeOuyuHu 06ymos-
JII0E NOMpedy cMeopeHHs OiaeHOCIUYHOI MeOUYHOI anapamypu, o peanizye MOXCIUBICIb nepedayi OaHUx i OUCMAHYINIHO20
KOHCYIbMY8AHHS 3 NPOQiNbHUMU Daxieyamu npu HAOAHH eKCMpeHOT MeOUYHOI OONOMO2Y MA 6 CIMEUHIll MeOUYUHI.

Iocmanogka npoonemu. Enexmpoxapoiospagiune 001a0HanHs Ak npasuno npedcmasnie coboro KOMIIEKC, Wo ckia-
0aemubesl 3 eNeKmpOHHO20 O110KY 6 hopm-ghakmopi MoHo6N0K, komnnekmy 3HimHux EKI enekmpooie i EKI” kabento. Kapoio-
OaHi 36epizaromscs OPYKYBAHHAM HA mepmMonanepi abo nepedayero Ha NepCcoHAnbHUll Komn tomep. Takum yuHom, nposeoeH-
Ha EKI' eumacae eumpam uacy Ha npugeOeHHs npunady 6 pooouuil cmad, 000AmK0G020 O0NAOHAHHA ) GURNAOI
NePCOHANbHO20 KOMN tomepa i 6UCOKOI keanighixayii nikapa ons inmepnpemayii pesyiomamie. 1Ipoexmysanta nopmamueHol
eneKmpoKapoiospagiuHol mexHiku 3 60Y00BAHUMU 3ACOOAMU 36 ASKY € AKNTYANBHUM 3ABOAHHAM OiOMeOUUHOT iHHceHepil.

Ananiz ocmannix 0ocnioxcens i nyonikayiia. Cyuacti 0ocnioxcerts 6 obaacnii NPOEKNYBAHHA NOPMAMUBHO20 0010~
HaHMsl OISl NePEUHHOI OiA2HOCTIIUKY Cepyeo-CYOUHHUX 30X60PIOGAHL NPUCEAYEHI 6UOOPY ONNMUMANTLHUX KOHCHPYKNIUGHUX
napavempie i nioguueHHIO 3a8a00CMIlIKOCHI MEOUYHOI MeXHIKU.

Buoinenna nedocnioxycenux yacmun 3azanvnoi npoonemu. Cmamnis npucesuena pospooyi KOHCMpYKyii nopmamue-
Hoeo enexmpokapoiozpagpa 3 66yoosarum GSM modynem Ons ekcrryamayii 8 cucmemax menemeouyyuHu.

Iocmanogka 3a80anun. AKmyansHUM 3a60AHHAM € NPOEKMYBAHHA NOPMANUGHO20 ellekmpokapoiozpaga ona excnpec-
OiazHOCMUKY Cepye6o-CYOUHHUX 3AXE0PIOGAHb, WO MAE 3pYYHUIl iHmepghelic ONs YRpasniHHA npunaoom, 3abe3neyeHo2o 3aco-
oamu 36 3Ky 3 YeHmpamu KapoionoeiunHoi 0onomoeu, i3 yHieepcansHumu nopmamu O 6UGEOeHHs iHghopmayii Ha 306HIUUHI
HAaKonuyyeayi i niOKNIOYeHHs1 000AmKOBUX NPUCMPOIE, MAKCUMAILHO epP2OHOMIYHO20, MAKO020, W0 3A00601bHAE 6UMO2AM
beznexu, HaoiliHoCmi ma eHep2oeghekxmueHoCHIi.

Buknao ocnosnozo mamepiany. Cghopmynbo6aHo 0CHOGHI 6uMOo2u 00 NOPMANTUGHOI eNeKmpOKAPOioepagiunoi mexHiKu.
Obpati 0CHO6HI QYYHKYIOHANbHI 0OUHUYI NPpUNAOY | CUHME308AHA 1020 cXeMa eleKmpuyHa cmpykmypHa. Komn 'tomepre mo-
0eNoanHts npoyecie i napamempie yHKYIOHY8AHHA KACKAOY IHCMPYMEHMAIbHO20 NIOCUNI08AYA NPUNAdy npu 3d0AHUX 3HA-
YEHHAX pOOOYUX meMnepamyp niomeepouno OOIPYHMOBAHICHbL 3ANPONOHOGAHUX CXeMOmeXHiuHux piuens. Pospobrena
KOHCIMPYKIMUGHA peanizayis enekmpuyHoi cxemu. Busnaueno KOHCHPYKIMUGHI Xapakmepucmuxy npunaoy, Axki Hatbinsus nos-
HO 8i0N0GIOAIOMb GUMO2AM MENEMEOUYUHU.

Bucnosku. XapakmepHumu ocobnueocmamu CHpOEKMOBAH020 NOPMANUGHO20 eNeKmpoKapoiozpagha € GUKOHAHHS 6 PO-
3KNAOHOMY ¢hopm-pakmopi, HaaeHicmy GSM mooyna i nocmiiine niokmouvenns EKI enexmpooie uepes inmeeposeanuii EKT
Kabeny. Bukonanusa 6 po3kiaonomy Qopm-ghakmopi onmumisye epeoHOMiuHi Xapakmepucmuxky npunaoy. 3amiHa 3HiMHO20
Kaobeno iHmezposanuM SHUXCYE Pi6eHb HABEOCHUX GHYMPIULHIX WYMIB, a4 MAKOXC CKOPOUYE YaC NPpuseoeHHs npuiaody 6 pobo-
yuii cman. Hasewnicmo 66yoosaroco GSM mooyns 3abe3neuye oocmynnuil 38 130K 3i cneyianiz08aHUMYU MEOUYHUMU YCIIAHO-
8aMU, CKOPOYYE Mpusanicme OiaeHOCIUKY i nidguyye eqpekmueHicmo MeOuyHoI OONOMo2Y 68 HeaMOYIAMOPHUX YMOBAX.

Knrwouosi cnosa: menemeouyuna, enexmpoxapoiozpagis, nopmanmuenuii enexkmpoxapoiozpag, GSM moodyne, nepeoaua
OaHux, po3knaoHuil ghopm-gaxmop, inmeeposanuii EKT kabens.

Puc. 4. Bion. 17.

Sobianin Thor — Master, Department of Electronic Equipment and Information processing Computer Technologies,
Odessa National Polytechnic University (1 Shevchenko Av., 65044 Odesa, Ukraine).

Co0sinin  Irop BosmomumupoBuy — wmarictp, wmarictp kadeapw eIeKTpOHHEHX 3aco0iB i indopmariiino-
KOMII FOTepHUX TeXHOJO0TiH, Onechkuil HaLiOHANRHKI moTiTexHiYHuit yHiBepeuTeT (npoci. [lleBuenka, 1, m. Oneca,
65044, Ykpaina).

E-mail: sobyanin.igor.1997@gmail.com

ORCID: https://orcid.org/0000-0002-5444-602X

Skonechnyi Valerii — PhD in Technical Science, Senior Lecturer of Department of Electronic Equipment and In-
formation processing Computer Technologies, Odessa National Polytechnic University (1 Shevchenko Av., 65044
Odesa, Ukraine).

Cxoneunuii Banepiit BoiotuMupoBHY — KaHAMIaT TEXHIYHKMX HAYK, CTApIIMK BHKIaAa4d Kadeapu eIeKTPOHHUX
3aco0iB i iHdopmarniiiHo-kOMIT TOTepHUX TeXHoNori, OJechbkuil HAliOHAIBHUN TONITEXHIYHUA YHiBEpCUTET
(npocm. IlleBuenka, 1, M. Oneca, 65044, Ykpaina).

E-mail: valeriy.skonechnuy@opu.ua

ORCID: https://orcid.org/0000-0003-3778-1392

Yarova Inna — PhD in Technical science, Associate Professor, Associate Professor of Department of Vitality Pro-
tection Systems Management, Odessa National Polytechnic University (1 Shevchenko Av., 65044 Odesa, Ukraine).
Sposa Inna AuaTtoniiBHA — KaHJIUIAT TEXHIYHUX HAYK, JOLICHT, JOLEHT Kadeapy yIpaBIiHHsI CHCTEMaMU Oe3IeKH KUT-
TeaispHocTi, Onechkuii HallioHATBHUI TToNTiTexHiuHMi yHiBepeuTeT (poctt. [lleuenka, 1, M. Oneca, 65044, Ykpaina).
E-mail: inaodua@ukr.net

ORCID: https://orcid.org/0000-0001-7154-6674

Sobianin, 1., Skonechnyi, V., Yarova, 1. (2020). Portable electrocardiograph with GSM module for telemedicine. Technical sciences and
technologies, 1 (19), 191-198.

198



