N3Bectns By3os Poccun. Pagnosiexkrponnka. 2021. T. 24, Ne 2. C. 78-86
Journal of the Russian Universities. Radioelectronics. 2021, vol. 24, no. 2, pp. 78-86

Medical Devices and Devices for Control of the Environment,

Substances, Materials and Products Original article
UDC 615.47:616-072.7

https://doi.org/10.32603/1993-8985-2021-24-2-78-86

A Medical Hardware-Software System for Remote Monitoring of Heart Diseases

Talat M. Magrupov', Zafar M. YuldasheV?, Seit P. Abdihalikov "™
"Tashkent State Technical University n. a. |. Karimov, Tashkent, Uzbekistan
2Saint Petersburg Electrotechnical University, St Petersburg, Russia

™ sejt-abdihalikov@rambler.ru

Abstract

Introduction. Wireless diagnostics of patients’ functional state is important for ensuring timely detection and
treatment of diseases. In this article, the development of a medical hardware-software system for remote moni-
toring of the state of biological objects is considered on the example of cardiovascular diseases.

Aim. To develop a medical hardware-software system for remote monitoring of the main cardiovascular param-
eters and to expand the scope of medical remote telemetry equipment, which can eventually lead to improved
medical services.

Materials and methods. On the example of cardiovascular diseases, an analysis of the existing medical hardware-
software system for remote monitoring of the state of biological objects was carried out, taking into account the
cardiac monitoring of the electrocardiogram. This method is widely used for in the diagnostics and treatment of
cardiovascular diseases.

Results. A method was proposed for creating a hardware-software system for remote monitoring of the main
cardiovascular parameters to ensure timely detection and treatment of diseases. The general structure of such
a system, including its advantages and disadvantages and the routing of information, is described. The proposed
technology of prolonged remote monitoring of the patient's health state makes it possible to increase the effi-
ciency of detecting dangerous heartbeat arrhythmia by about 30 %.

Conclusions. The proposed system solves the problem of registering biological parameters without significant
interference in the patient’s vital activity, which allows typical conditions to be traced. Remote data collection also
facilitates the load on medical personnel, reduces the number of contacts with patients and improves their psy-
chological state.
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AHHOTaumA
BeeseHve. B cvcTeme 3/paBOOXpaHeHst O4HOM 13 BaXKHbIX 3aja4 ABNSETCH CO3AaHVe annapaTHO-NPOrpaMMHOro KOM-
nnekca B 061acT ANCTAHLIMOHHOIO MOHUTOPUHIA OCHOBHBIX GU3MON0MMYeCcKNX MoKasaTenen cepieyHo-CoCyANCTON
cnctembl (CCC) yenoseka A1 6eCNPOBOAHON AMArHOCTUKM GYHKLMOHANbHOIO COCTOSHWS 60BHOMO 1 0becneveHus
CBOEBPEMEHHOr0 BbISIB/IEHNS 1 ledeHst 3abosieBaHNIA. B CBA3M C 3TMM aKTyanbHOM CTaHOBUTCH 3aa4a COBEPLLEHCTBO-
BaHWA METOZQ, CBOVCTB U XapaKTePUCTUK MOCTPOEHMS annapaTHO-NMPOrpaMMHOro MeAVLIHCKOrO KOMMeKea Ans An-
CTaHLMOHHOIO MOHUTOPVHIA COCTOSAHUI 61006HeKTOB Ha nprimMepe 3abonesaHuin CCC.
Llenb paboTel. Pa3zpaboTka annapaTHO-NPOrpaMMHOro MeANLMHCKOro KoMriekca ANs ANCTaHLMOHHOIO MOHM-
TOPWHra nokasaTefieil cepAeyHO-COCYANCTON CUCTEMbI, paclunpeHre 061acTy NpuMeHeHUs NpubopoB Meau-
LIMHCKOW TenemeTpum, NoBbILLEHNE KayecTBa OKa3biBaeMblX MeANLIMHCKINX YCYT.
MaTtepuanel n MeTogpl. [ponsBeseH aHanu3 CyLLEeCTBYHOLLUMX MOMOXEHNA opraHnu3aummn MeanUmMHCKOro anna-
paTHO-MPOrpaMMHOro KomMnaekca ANns AUCTaHUMOHHOrO MOHUTOPUHIA COCTOSHNIA B1ONOrMYecknx 06 beKToB Ha
npumepe cepAeydHbix 3aboneBaHNli C y4eToM KapANOMOHUTOPUPOBAHNS 31eKTPOKapANOrpaMMbl, KOTOPbIA AB-
NAeTcs Hanbosiee YacTo MUCMO/b3yeMbIM W LUMPOKO PacnpoCTpaHeHHbIM MeTOAOM NCCeA0BaHUS B KIMHMKAX
AN ANArHOCTUKK U neyeHuns 3aboneBaHunin CCC.
PesynbTaThbl. MpegnoxeH cnocob co3jaHns annapaTHO-NPOrpaMMHOro KomMmiekca B 061acTu AUCTaHLMOHHOIO MO-
HUTOPVHra OCHOBHBIX Pu3nonormyecknx nokasateneri CCC yenoBeka 419 6eCNPOBOAHON ANAarHOCTUKM GYHKLIMO-
HaNIbHOrO COCTOAHMSA B6OMBHOMO N 0becrneyeHNss CBOEBPEMEHHOrO BbISIBNEHUSI U NeYeHns 3aboneBaHunin. Paspabo-
TaHa 06LLas CTpyKTypa anmnapaTHO-MPOrpaMMHOro KoMriekca € y4eToM ero BO3MOXHOCTel 1 npenmyLlecTs. Mc-
No/ib30BaHVe NPeAIoKEHHON TEXHONOTNN ANCTAHLMOHHOMO A/INTE/IbHOr0 MOHUTOPUHIA COCTOSHWS 30PpOBbSA Ma-
LiieHTa No3B0oJISIeT MOBbICUTE 3$PEKTUBHOCTL BbISIBAEHNA ONACHbIX HapyLLeHWl cepaedHoro putMa go 30 %.
3akoueHme. Komnekc peLlaeT 3agady permcrpaumm buonornyeckmx napameTpoB 6e3 3HaunTeNbHOro BMeLla-
TeNbCTBa B AeATEeNbHOCTb NaLMeHTa, YTO MO3BONAEeT GUKCMPOBATL €ro TUMNYHbIE COCTOAHNS. ANCTaHLMOHHbIN
cbop AaHHbIX Takxke obneryaeT paboTy MegMLIMHCKOro NepcoHana, CHKeHMe KoM4ecTBa KOHTakTOB C NaLeH-
TaMu yNny4dLlaeT NcMXonornyeckoe CoCTossHME MNOCefHIX.

KntoueBble coBa: cepzeyHble 3aboneBaHs, anmnapaTHO-NMPOrpaMMHbIiA KOMMAEKC, ANCTaHLUMOHHbIA MOHUTO-
PWHT, ZaTUNKW, 3N1EKTPOKAPAMOrpaMMa, KauecTBO TeleMeANLNHCKOM CUCTEMBI

Ans umtmuposanHus: Marpynos T. M., FOngawes 3. M., Abanxannkos C. . AnnapaTHO-NPorpamMmmHbIin MeanLH-
CKWIA KOMMAEKC ANCTaHLMOHHOIO MOHUTOPVIHIa NokasaTtenei cepaeyHbix 3abonesaHuii // V3B. By3oB Poccuu.
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Introduction. In modern medicine, important information in highly specialized centers, ensuring
problems are: reducing the time for examining patients,  long-term storage of information about patients in dig-
increasing the accuracy of diagnostics, conducting re- ital form, as well as, if necessary, gaining access to in-
mote consultations, analyzing and processing primary  formation about a patient with remote distance [1-3].
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In case of heart diseases, the following possibili-
ties of electrocardiography occupy an important
place: analysis of electrocardiograms (ECG) gives a
rather high reliability of medical reports; the method
is highly sensitive, but non-specific; ease of registra-
tion, relatively low cost of the survey with high infor-
mation content; excellent opportunity to assess the pa-
tient's condition in the dynamics of observation; the
ability to automatically analyze ECG samples and
highlight life-threatening situations, for example,
monitoring arrhythmias, ST segment depression; ex-
tensive experience in clinical practice and knowledge
of this method by the majority of doctors.

Considering these advantages of electrocardiog-
raphy, the following advantages can be achieved in
telemedicine:

— speeds up the process of providing medical care
allows you to make a quick decision when establish-
ing the diagnosis of a patient from a distance;

— achieve a sufficiently high reliability of medi-
cal reports with the participation of experienced spe-
cialists;

— provides opportunities for remote observation
of the patient's condition and assessment of his condi-
tion in the dynamics of observation;

— allows remote monitoring of arrhythmia and
basic ECG indicators;

— provides the ability to quickly analyze ECG
samples and take the necessary medical attention.

ECG is the most frequently used and widespread
research method in clinics, which has given rise to
many options for developments in telemedicine and,
accordingly, remote analysis and methods of transfer-
ring electrocardiogram samples.

One of the main areas of telemedicine is the trans-
mission of an electrocardiogram signal over a dis-
tance. The transmission method should provide the
least loss and distortion at the fastest speed.

Currently, the need for telemedicine technolo-
gies is due to a number of problems that health au-
thorities, the executive branch and doctors and pa-
tients themselves constantly face. This is to provide
timely medical care to patients from a remote dis-
tance at remote distances, including bedside moni-
toring, as well as monitoring and tracking the condi-
tion of critically ill patients, as well as chronically
ill, which is an urgent task [4].

This article analyzes the existing provisions of the
organization of a medical hardware-software complex

for remote monitoring of the states of biological ob-
jects on the example of heart disease. Known, com-
mercially available devices for medical telemetry do
not provide a given amount of received information
and flexibility of connection. Foreign devices of the
Apple and Samsung brands are expensive and have an
insufficient set of sensors and communication proto-
cols, which does not allow them to be widely used in
biomedical research. The known method of auto-
mated remote assessment of parameters of motor ac-
tivity, respiration and pulse of a person or animal. The
technical result is the absence of the need for accurate
positioning in terms of distance relative to a person or
an animal and an improvement in the quality of the
non-contact analysis of the patient's movements, the
pattern of his breathing and heartbeat. The disad-
vantage of this method is the lack of technical imple-
mentation, incompleteness as a method of biomedical
diagnostics and the lack of methods for connecting to
the network [5, 6].

A method for creating a hardware-software com-
plex in the field of remote monitoring of the main
physiological parameters of the cardiovascular sys-
tem (CVS) of a person for wireless diagnostics of the
functional state of a patient and ensuring timely de-
tection and treatment of diseases is proposed. The
general structure of the hardware-software complex,
the passage of diagnostic information, its capabilities
and advantages have been developed.

In this regard, the increase in the efficiency of di-
agnostics, treatment and the return of patients to an ac-
tive life are associated, first of all, with the timely de-
tection of diseases and the rapid provision of qualified
medical care, including by means of telemedicine.

In this direction, work has been carried out to de-
velop a multi-level intelligent system for remote mon-
itoring of the condition of patients with chronic, sugar
and heart diseases [1, 7-10].

In this regard, the work proposes the creation of a
hardware and software complex in the field of remote
monitoring of the main physiological indicators of the
cardiovascular system (CVS) of a person for wireless
diagnostics of the functional state of the patient and
ensuring the timely detection and treatment of dis-
eases. Here, the main attention is paid to the study of
methods, properties and characteristics of construct-
ing a hardware-software medical complex for remote
monitoring of the state of biological objects using the
example of diseases of the cardiovascular system.
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Methods. The main task of designing technical
means for monitoring biological objects is to create
adequate models of processes using modern mathe-
matical tools and to develop correct methods of infor-
mation processing based on the most modern ap-
proach in information-measuring systems [11, 12].

When determining the way of organizing the
structural diagram of the hardware-software com-
plex, the main attention should be paid to: high reli-
ability and immunity from interference; the method
of building the architecture of the biomedical system
for recording and processing physiological signals,
which increases the functionality of the complex and
its manufacturability; mathematical model of distri-
bution and physical presentation of data for solving
the problem of identifying parallel processes; the
method of providing the function of registration,
storage, processing, analysis of a number of physio-
logical signals: pulse, body temperature, electrocar-
diograms, etc.

As a result of the analysis of the existing provi-
sions of this problem, a method is proposed for creat-
ing a hardware-software complex for remote monitor-
ing of diseases of the cardiovascular system [13, 14].

Monitoring vital activity parameters using a hard-
ware-software medical complex should improve the
patient's quality of life during the examination and al-
low to quantitatively assess the response of the pa-
tient's cardiovascular system to stress tests, to estab-
lish the effectiveness of the stimulation regime used
and the therapy performed in patients with implanted
pacemakers and in many other pathologies.

The proposed hardware and software complex is
designed for autonomous automatic continuous re-
mote monitoring of the parameters of the vital activity
of a bioorganism and further processing (systematiza-
tion and analysis) of the data obtained and has wide
configurations. You can choose a configuration option
depending on your requirements. In accordance with
the provided requirements, the number of sensors in
transmitting diagnostic devices (patients) and the area
of wireless communication can be changed. The set
of sensors allows for a deep and continuous analysis
of the state of the cardiovascular system, blood flow
and respiration of the patient. Each sensor individu-
ally has the ability to investigate a variety of diagnos-
tic indicators (signs) necessary for effective treatment
and prevention of diseases [15-17].

Fig. 1 shows the structure of the basic version of
the medical complex. In it, the diagnostic information
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Fig. 1. Diagnostic information routing

goes through several stages of conversion, from sen-
sors to the consumer. In this case, the use of four sen-
sors is proposed.

Each of the four sensors individually provides a va-
riety of diagnostic indicators (signs) necessary for effec-
tive treatment and prevention of diseases and allows:

— analyze electrocardiograms, which gives a
fairly high reliability of medical reports, the proposed
method is highly sensitive, but nonspecific, provides
the ability to automatically analyze ECG samples and
isolate life-threatening situations, for example, moni-
toring arrhythmias, ST segment depression in the
ECG, and there is also extensive experience in using
electrocardiography in clinical practice, this method
has been mastered by most doctors;

— increase the detection of cardiac arrhythmias in
rare paroxysmal conditions and supplement the re-
sults of other methods of examination of cardiac pa-
tients, optimize the control of antiarrhythmic and anti-
anginal therapy;

— timely identify transient processes in the body
and ensure the possibility of an emergency response;

— justify the need for hospitalization, optimize the
quality and terms of rehabilitation, identify the side
effects of pharmacotherapys;

— carry out long-term diagnostics, which helps to
identify the conditions characteristic of the cardiovas-
cular system and observe the dynamics of oxygen and
blood saturation.

An autonomous unit is responsible for collecting
vital signs in the complex under consideration, which
includes:

— wireless communication module (2.4 GHz),
providing high speed data transfer with low power
consumption;
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— a set of sensors that detect the heart rate, heart
biopotentials, blood flow velocity and control the res-
piration of the bioorganism;

— a controller that switches signals, optimizes
data transmission and provides the ability to control
and deeply configure an autonomous unit.

Fig. 2 shows a block diagram of the hardware part
of the complex with the structure of a stationary unit.

Storage, processing and visualization of the re-
ceived data is provided by a stationary unit, con-
sisting of:

— a wireless communication module;

— a controller performing preliminary processing
of data that is transmitted further through communi-
cation channels;

— a computer that provides the ability to receive
data via communication channels and the functioning
of the software (SW) included in the complex;

— software for systematization, storage, pro-
cessing and visualization of medical indicators.

Radio Wirelles "
Base || communication|_| module || Controller
(24 GHz) | |(RF24/BTALE) |(ATmega32s)
| H | BI (ljfl
eart ood flow )
He_a;t rta_lte biopotential velocity Resp_ltrat_ory
registration registration | | registration monitoring
sensor sensor sensor sensor

Fig. 2. A block scheme describing the hardware
part of the system

The proposed hardware part of the complex — the
device differs from the existing ones in that integrated
sensors are used as sensitive elements, as well as in
the fact that this device uses radio communication to
transmit and control biomedical parameters and soft-
ware that matches the operation of not only sensors,
but also several devices telemetry in the network of
the complex.

devices, via the PC USB port. At the same time, the
ft232 serial port converter directly connected to the
PC is responsible for the communication between the
microcontroller and the PC, which ensures the coor-
dination of the USB and UART interfaces, the micro-
controller is used to communicate with the PC the
UART interface and executes the program to form an
access point for communication through the radio re-
ceiver module [9, 10].

The second unit, conventionally called a transmit-
ter, is an integrated insertion device (Fig. 4) of a radio
transmitter module that provides communication over
a wireless channel. In this case, the microcontroller
provides control of a radio transmitter electrically
connected to it, which provides waiting for transfer
commands from the PC. It allows the possibility of
monitoring and feedback using input / output devices,
is electrically connected to the controller and is an in-
dicator, which is an LED, buttons for entering infor-
mation and a set of sensors, also electrically con-
nected to the microcontroller. It differs in that the set
of sensors, as part of the transmitter, consists of an in-
tegrated MAX30100 sensor, which provides the ability
to conduct pulse oximetry and heart rate monitoring,
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Fig. 3. A receiving unit of the proposed medical system
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an integrated GY-521 sensor, which is a 3-axis gyro-
scope and accelerometer, an LM35 sensor, which is a
temperature sensor and microphone, as well as using
the esp8266 Wi-Fi module as a radio unit of a radio
receiver and a radio transmitter.

Fig. 3 and 4 define the contents of the blocks: Mi-
crochip ATmega 328P microcontroller (/, 2) for each
transmitter and receiver unit, indicator LEDs with lim-
iting resistors (3, 4), circuits setting clock signals for
microcontrollers of quartz resonators and capacitors
(5, 6), programmable buttons for entering information
(7, 8, 9), an ESP8266 Wi-Fi radio transmitter and re-
ceiver, which include an antenna (70, /1), a serial port
signal to a USB signal (/2), sensors: an integrated pulse
oximetry sensor and heart rate monitoring MAX30100
(13), an integrated 3-axis gyroscope and accelerometer
GY-521 (14), an LM35 temperature sensor (/5), and
an electroforming microphone (/6).

The proposed device works as follows: the micro-
controller (/) polls the sensors, after which it packs
the data and sends it via a radio transmitter (/0). On
the receiving side, microcontroller (2) activates the
operation of the radio receiver (//) and waits for data
to be received by this receiver, which, after being
loaded into the microcontroller's memory (/), are un-
packed. Further, the microcontroller (/) prepares the
data for sending via the serial port (/7) and after re-
ceiving the polling signal via this port, it sends data
via it. A serial to USB converter (/2) matches the
transmitted signals with the levels and protocols of
the computer.

Results. As a result, it becomes possible to pro-
cess, store and transfer data on a computer. The au-
thors have tested the system with both one transmitter
and two. The use of the medical telemetry device pro-
posed by the authors will significantly simplify the
collection and transmission of biomedical data
through the automation of processes through modern
microprocessor and controller technology and the de-
velopment of integrated sensors, as well as through
the use of a program created for microcontrollers.

The principle of software organization has been
developed, which allows visualizing the information
received (Fig. 5). It has an intuitive interface, but at
the same time has broad capabilities and is intended
for processing biomedical data on an autonomous
transmitter, coming from measuring sensors and
transmitting the results to the receiving module. The
receiving module, in turn, sends the data to the per-
sonal computer. The program can be used in biomed-
ical data collection systems at medical institutions, or
in laboratory research. The program collects and cal-
culates the following parameters: heart rate (HR),
blood oxygen saturation, body temperature, state and
activity of the patient.

The program performs the following functions:
determination of the arithmetic mean of the input pa-
rameters and the subsequent packing of data and their
transfer via radio communication channels, including
Wi-Fi. An important task here is the parallel collec-
tion of data and their timely receipt by the attending
physician, when observing the objects under study
(patients). It speeds up the processing of measurement

- o IEH
CTaTMcTMKa MMcTorpamme! IpadrKmu Mowck MNapameTtpbl
MrHoBeHHbIE 3HaUYEeHMA
CepaevHbli putm lapameTpbl KPOBOTOK Obixi
Mynbc NapameTg MNapameTtg NapameTtp NapameTp NapameTp
10:00 3600000 62 96,78431 77 43,55 73 20 Wma naumenTa
3600001 62 96,91714 77 43,67 73 20
3600002 62 97,04956 77 43,89 73 20
3600003 62 97,18279 77 44,12 73 20
3600004 62 97,31561 77 44,08 73 20 Brisogumbie
3600005 62 97,44844 77 44,06 73 20 3HaYeHUA
3600006 62 97,58127 77 44,05 73 20
3600007 62 97,71409 77 43,93 73 20
3600008 62 97,84652 77 43,85 73 20 MapameTpel
3600009 62 97,97974 77 43,81 73 20 oToBpameun
3600010 62 98,1127 77 43,74 73 20
3600011 61 9824539 77 43,68 73 20
3600012 61 98,37822 77 43,62 73 20

Fig. 5. User interface (UIl) of the proposed hardware-software system
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results, due to their timely availability, and reduces
the likelihood of errors inevitable when processing a
large amount of input data, reduces labor costs for di-
agnosing and transferring data, as a result, increasing
the efficiency of research and treatment, and also in-
creasing labor productivity.

This program is executed using the C++ program-
ming language and used in the construction of a med-
ical complex and systems for monitoring the parame-
ters of the vital activity of stationary and non-station-
ary objects under study.

The proposed hardware-software medical complex
for remote monitoring of heart disease indicators,
as a telemedicine system, has the following advantages:

— it allows you to quickly and efficiently provide
specialized planned and emergency medical care, or-
ganize consultations with the virtual participation of
leading specialists, conduct and demonstrate remotely
controlled examinations, diagnostic manipulations;

— provides the possibility of organizing remote
educational lectures and seminars with demonstration
of rare and atypical clinical cases and broadcasting of
indications of diagnostic equipment directly from foci
of epidemics, natural and man-made disasters; opti-
mizes the healthcare management system;

— provides patients and qualified cardiologists
with an additional communication channel;

— increases the efficiency of the "ambulance" ser-
vice, medical assistance and reduces travel expenses;

— ease of registration, relatively low cost of the
survey with high information content;

— increases the detection of side effects of phar-
macotherapy over time;

— monitors and evaluates the patient's condition
in the dynamics of observation;

— facilitates the work of medical personnel, re-
duces the number of contacts with patients and im-
proves the psychological state of the latter through re-
mote data collection;

— conducts registration of biological parameters
without significant interference in the patient's life;

— provides an excellent opportunity to assess the
patient's condition in the dynamics of observation.

The use of the module for monitoring of diagnos-
tically significant indicators of patients in the struc-
ture of the software complex makes it possible to au-
tomate the process of monitoring a large group (up to

50 people) of patients — users of the remote monitor-
ing complex. Assessment of the dynamics of changes
in diagnostically significant indicators allows us to
clarify the nature of the development of the disease,
to use the prognosis of health status to improve the
treatment technology, its personification, taking into
account the characteristics of the patient's disease.
The use of the technology of remote long-term moni-
toring of the patient's health state makes it possible to
increase the efficiency of detecting dangerous heart
disorders up to 30 %.

Conclusion. The existing provisions of the organ-
ization of a medical hardware-software complex for
remote monitoring of the states of biological objects
are analyzed using the example of heart diseases. A
method is proposed for creating a hardware-software
complex in the field of remote monitoring of the main
physiological parameters of the cardiovascular sys-
tem (CVS) of a person for wireless diagnostics of the
functional state of a patient and ensuring timely de-
tection and treatment of diseases, as well as structural
organization and its characteristics. The general struc-
ture of the hardware-software complex, the passage of
diagnostic information, its capabilities and ad-
vantages have been developed.

The developed complex has wide configuration
possibilities. The number of transmitting diagnostic de-
vices (patients) in the complex, the wireless coverage
area and the number of sensors can be changed in ac-
cordance with the imposed requirements. In the basic
configuration, it is possible to work with 50 transmit-
ting diagnostic devices with a coverage area of up to
50 meters. The use of repeaters makes it possible to fur-
ther expand the coverage area of the complex.

The complex performs solutions to the problem
of recording biological parameters without significant
interference in the patient's activity, which makes it
possible to record his typical states. Remote data col-
lection also facilitates the work of medical personnel;
reducing the number of contacts with patients im-
proves the psychological state of the latter. The use of
the technology of remote long-term monitoring of the
patient's health state makes it possible to increase the
efficiency of detecting dangerous heart disorders up
to 30 %, makes it possible to increase the number of
patients whose health condition will be carefully
monitored by the doctor.
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