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Abstract. Problem. 10T is a technology that is becoming a part of different branches of our life, includ-
ing healthcare. Currently, some hospitals and other health care facilities in developed countries al-
ready use loT systems for remote monitoring of patients' health. However, most of these systems are
expensive, rather complex and are intended for use exclusively by medical staff. All this causes the fact
that the mentioned systems remain inaccessible for mass application, and constant control over pa-
tients is still carried out by the direct presence of doctors, nurses, etc. At the same time, such continu-
ous observation of the patient also requires quite high financial costs and time. Moreover, some peo-
ple, e.g. elderly people or people with chronic diseases do not have an opportunity to be constantly
under medical care. The purpose of this work is improving the speed and quality of a patient’s medi-
cal care by monitoring their condition periodically and by rapid remote informing other people about
the health state. Method. The loT-based system to monitor the parameters of a patient’s health period-
ically and send the information to the medical staff or patient’s relatives online is offered. The re-
quirements for the system are defined and its architecture is proposed. It consists of an Arduino board,
the set of sensors, Internet and GSM modules and the IoT analytics platform. The main health state
parameters to be monitored and the corresponding hardware for monitoring the parameters of the
patient's state are determined. Results. The prototype of the loT-based system to monitor a patient’s
heart rate and send the information through a Cloud IoT platform to the medical staff or the patient’s
relatives is developed. The results of the experiment on measuring the pulse of 12 people and sending
the data to the Cloud showed the efficiency of the system. Conclusions. The developed system can be
used either in hospitals or at home. The main advantages of the system are low price, usability, com-
pactness and flexibility in measuring a patient’s state parameters. The prospects for further research
are connected with equipping the system with a GSM module to send the SMS when any of the pa-

rameters have abnormal values and to respond the users’ requests about the patient state.
Key words: [0T, health state monitoring, heart rate measurement, Arduino.

Introduction

The rapid development of information and
telecommunication technologies have led to the
4™ Industrial Revolution (Industry 4.0) the key
point of which is integration of Internet of
Things (IoT) into all spheres of production and
daily life [1]. IoT is a network of physical ob-
jects “that have the capacity to auto-organize,
share information, data and resources, reacting
and acting in face of situations and changes in
the environment” [2]. Thus, loT extends the ca-
pabilities of connected devices with new fea-
tures.

One of the important applications of IoT is
healthcare, where it promises technological, eco-
nomic, and social prospects. Even special terms
such as ‘e-health’ and Internet of Medical Things
(IoMT) have been recently introduced [3].

The term ‘e-health’ is rather fuzzy and is
used to refer to everything that is related to
computers, Internet and medicine. It also refers
to an attitude and commitment to improve
healthcare facilities worldwide [4]. One of the
most notable trends of e-health is teleconsulting,

which helps to deliver the information instantly
during medical consultations and discussions of
clinical cases [5]. The interval of time during
telemedicine consultation between the moment
of consultation request and its results is signifi-
cantly reduced and almost does not differ from
that during face-to-face consultations. This al-
lows speeding up the consultation process by
reducing the time required to obtain the neces-
sary information about the state of the patient.
Moreover, it expands the range of consultants
through remote involvement of specialists from
other institutions regardless of their locations.

However, there is another way in which the
current state of information and telecommunica-
tion technologies can help patients. It is remote
monitoring of their health state by small weara-
ble devices or implantable sensors [3]. This is
the domain of IoMT.

It is well known that there are a very large
number of patients and elderly people who are
not placed in hospital for some reasons. Those
people stay at home under provision of their rel-
atives. In most cases relatives are not able to
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stay constantly near the patient and to monitor
his or her health state. In this case, an inexpen-
sive system that can periodically measure the
main health parameters of the patient and warn
the relatives or/and medical staff in case of any
abnormal values can play an important role. Af-
ter receiving the warning signals from the sys-
tem, necessary actions can be taken immediately
to improve the state of the patient or even to
save his or her life. Present work is dedicated to
the development of such a system.

Review of the literature

[IoMT plays a vital role in healthcare system
nowadays. IoMT devices with modern sensors
give the opportunity to monitor health parame-
ters of patients in hospitals or at home automati-
cally and wirelessly. Although IoMT is still in
its preliminary stages of development, it has al-
ready contributed significantly to the today's
growing market of healthcare industry and to-
morrow's loT-based health monitoring solu-
tions. It promises a patient’s well-being and
safety by coordinating critical patient in-
formation and synchronizing related resources
instantly through interconnected devices and
sensors. [6]. However, there are still many fea-
tures and directions for the further development
of IoMT. Therefore, a large number of studies
have been done in the field of IoMT systems.

Many investigations, for instance [7-13],
were designated to the development of the struc-
ture and capabilities of such systems. For exam-
ple, in [8] an architecture of a system, based on
IoT Ambient Assisted Living System, that helps
elderly and disabled people to live independent-
ly in a decent way in their own houses and in
medical environments, was proposed. The archi-
tecture involves providing the following ser-
vices: home automation, security, ambient intel-
ligence and telemedicine. In [9] an architecture
of a system that monitors the health state by an
application for smartphones and gives recom-
mendations for patients to improve their eating
habits and workout routines, was offered.

In paper [10] an architecture of a cyber-
physical system for monitoring the state of car-
diological patients taking into account the dy-
namics of the patients, was described. On the
basis of the reference model of the system that
monitors the condition of cardiology patients a
distributed computing system was developed.

Many studies, for instance Valera et al in [8],
reviewed the security issues of confidential data
transmission in [oMT.

The architecture an Android Application

which provides the end user with visualization
of their Electro Cardiogram waves is proposed
in[11].

However, most of the previous research do
not consider a complete system for monitoring
all changes in health parameters of the patient
and transmission of the obtained data to the user.
One of the examples of a completed system is a
system, proposed in [12]. It aims at averting the
spread of cancer via early detection, evaluation
of disease symptoms, analysing health data and
can help healthcare professionals to make evi-
dence-based healthcare decisions to enhance
cancer treatment.

Nevertheless, the majority of such systems
are expensive (their price can be reach thou-
sands USD) [11] and they are unaffordable for
common people due to the high costs. Moreover,
most of the smart health monitoring systems
available on the market are designed for experts
and require special trainings to be done by staff
in order to learn how to use these systems. Thus,
a low-cost and user-friendly alternative system
for monitoring health parameters is vital. Such a
system is offered in this work.

One of the ways to reduce the cost and sim-
plify the system is Arduino microcontroller plat-
form, which is widely used for IoT projects due
to its low cost and provides rather easy pro-
gramming and communication with peripherals.
That is why Arduino is a perfect base for devel-
oping low cost and easy-to-use IoMT systems.
A good example of using Arduino for health-
care application is presented in [13], where an
anaesthesia control system using Arduino was
proposed. It includes a heartbeat sensor and a
temperature sensor, which are connected to Ar-
duino Uno to control the dose of anaesthesia ad-
ministered to the patient. However, the system is
not connected to the Internet, so there is not a
real IoMT system as far as the data cannot be
accessed remotely.

This paper proposes an Arduino-based [oMT
system to monitor patient’s main health parame-
ters and to send the data to the cloud service so
that medical personnel and/or people who look
after the patient at home can get access to them
whenever they wish.

Purpose and Problem Description
The object of the research is monitoring
physiological state of a patient by processing
their health parameters.
The subject of the research is a system for
remote monitoring of a patient’s state.
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The purpose of the paper is improving the
speed and quality of a patient medical care by
monitoring their condition periodically and by
rapid remote informing other people about the
health state.

To achieve this purpose, it is necessary to
solve a number of particular tasks:

- analysing the existing solutions for moni-
toring a patient's condition;

- developing the architecture of the system
for monitoring a patient's state;

- selecting the technical means for develop-
ing the system;

- developing a prototype of the system.

Architecture of the system

Based on the above analysis of existing sys-
tems, the following architecture for monitoring
health parameters of a patient is proposed
(Fig. 1). It consists of an Arduino board, which
receives output data from the set of sensors con-
nected to it and an Internet module. In the present
work, an Ethernet shield is used as the Internet
module though other equipment such as ESP8266
module or Wemos D1 can be used as well. Other
sensors can also be connected with the Arduino,
in the same way, to measure all the necessary
parameters depending on the disease. Moreover,
a GSM shield can be added to the system in order
to provide sending data via the GSM network.

The Arduino processes the received data and
sends it through Ethernet shield to a cloud IoT
analytics platform where the data is displayed in
a created channel in a convenient form (e.g.
graphical). In this work the ThingSpeak™ plat-
form is chosen, that allows a user to aggregate,
visualize, and analyse live data streams in the
cloud and is free of charge.
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Fig. 1. Architecture of Patient’s State Monitor-
ing System

The channel can be accessed by medical
staff, friends or relatives using a PC, a
smartphone or a tablet. The data in the channel
updates automatically. As a result, it will be
possible to continuously obtain data for each of
the patient's health state parameters.

As shown in Fig. 1 the operation of the sys-
tem requires the availability of appropriate tech-
nical means for measuring health parameters of
a patient. Currently, there are many standard and
specialized sensors that can be used for these
purposes. Some of them are presented in
Figs. 2, 3.

NduW-911

Fig. 2. Standard sensors for Arduino: a — MPU-
6050 module; b — glucose meter shield; ¢ —
DS18B20 module; d — pulse sensor; e — air
flow sensor MD0550

In particular, we propose to use an MPU6050
accelerometer and gyroscope sensor module to
control the position of the patient (Fig. 2,a). To
control the concentration of glucose in patient's
blood, a glucose meter shield module (Fig. 2,b)
is used. The patient's body temperature is meas-
ured using the temperature sensors based on the
DS18B20 module (Fig. 2, c). The patient's heart
rate is measured using a pulse sensor (Fig. 2, d).
The air flow sensor MD0550 (Fig. 2, e) allows
controlling the patient’s breathing (air flow ve-
locity).

If the patient has any diseases that require
monitoring additional parameters, additional
sensors may be included in the system. With the
help of special sensors, some of these additional
parameters can be measured. Sphygmomanome-
ters allow measuring patient’s arterial pressure
(Fig. 3, a) [14].

Electrocardiographs based on the ADS8232
ECG module (Fig. 3,b) allow the measurement
of electrical and muscular heart function. Elec-
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tromyographs based on the MyoWare™
(AT-04-001) sensor (Fig. 3,c) allow measuring
the electrical activity of muscles [15].

Fig. 3. Special sensors for Arduino: a — sphyg-
momanometer; b — AD8232 ECG module;
¢ — MyoWare™ (AT-04-001) sensor

Experiments

In the previous section the architecture of the
patient’s health state monitoring system was
described and patient’s health parameters that
should be monitored were selected. To test the
performance of the system, its first prototype
was developed (Fig. 4). As an example, heart
beat is considered one of the main parameters of
a patient’s health state. However, other sensors
such as temperature sensor, glucose sensor etc.
(Fig. 1) will be added to the system as well.

The prototype of the system consists of
(Fig. 4):

- pulse sensor 1, which is designed to give a
digital output of heartbeat when a finger is
placed on it. The pulse sensor consists of super
bright green LED and a photodetector. In fact,
the sensor is a photoplethysmograph: when the
heart pumps a pulse of blood through the blood
vessels, the finger becomes slightly more
opaque and so less light reached the photodetec-
tor. With each heart pulse, the detector signal
varies. This variation is converted into an elec-
trical signal, which is given to a microcontroller
like Arduino. The output signal is also indicated
by a LED which blinks at each heartbeat [16];

- Arduino Uno board 2 is based on an AT-
mega328 which contains everything needed to
support the microcontroller and it is connected
to a computer with a USB cable. It receives the
data from the pulse sensor and processes it;

- Ethernet shield 3. The Arduino Ethernet
shield connects the Arduino board to the Internet
via an RJ45 cable.

Using the prototype of the system developed
and described in the previous section, experi-
ments were conducted in which resting pulses of
12 people of different age categories were
measured every 15 s. Resting pulse is the pulse
measured when a person is calmly sitting or ly-
ing [17].

S
.'_;'r

Fig. 4. Hardware of the system: 1 — pulse sensor;
2 — Arduino Uno; 3 — Ethernet shield

The data was processed and sent to the
ThingSpeak™ analytics platform. Any parties
concerned who have access can view this data
and observe the current value of the pulse, as
well as its history in the form of graphs. The
experiments conducted allowed us to verify the
possibility and effectiveness of using the devel-
oped system for remote monitoring of human
health state parameters.

Results

As noted in the previous section, the pulse of
12 people of various age and both genders was
measured. These data were sent to the Thing-
Speak™ platform, where they were presented in
the graphical form. Some of the graphs are illus-
trated in Fig. 5. At pulse measuring, its values
varied in certain ranges. These ranges, as well as
the arithmetical mean of the pulse of each of the
participants in the experiment, are given in
Tab. 1.

Table 1 — Pulse values of each of the participants
in the experiment

5| 5 | 25| G£ |£5¢
< =g =g | <9°¢
18 | male 73 77 74.3
22 | female 67 71 68.8
27 | male 70 74 71.8
31 | female 68 73 70.4
40 | female 72 76 74.2
42 | male 73 76 74.2
49 | male 73 76 74.6
53 | female 73 77 75.0
58 | female 75 79 76.6
63 | male 70 75 73.0
71 | female 73 78 75.3
79 | male 69 72 70.2
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Fig. 5. Results of the pulse measurement of various people: a — 22 years old female; b — 27 years old male; ¢ —
31 years old female; d — 42 years old male; e — 49 years old male; f— 79 years old male

It is known [17, 18], that for adults of 18 or
older, a normal resting heart rate is between 60
and 100 beats per minute (bpm) and may vary
depending on the age, gender and physical activ-
ity. Tab. 2 shows the excellent and average sta-
tistical heart rate values of people of different
age and gender given in [18].

Table 2 — Pulse of persons of various age and gender
in a calm state [18]

Excellent value, Average statistical
Age, b lue, b
year pm value, bpm
male female male female
18-25 | 56-61 56-61 70-73 70-73
26-35 | 55-61 60-64 71-74 73-76
36-45 | 57-62 60-64 71-75 74-78
46-55 | 58-63 61-65 72-76 74-77
56-65 | 57-61 60-64 72-75 74-77
66+ 56-61 60-64 70-73 73-76

Comparing Tables 1 and 2, we can see that
the obtained pulse readings of the participants in
the experiment are basically in the range of

normal heart rate. This generally confirms the
efficiency of the developed system.

At the same time, from Table 1, as well as
from Fig. 5 a certain scatter in the pulse readings
can be seen, related apparently to the measure-
ment noise. Therefore, to improve the accuracy
of measurements, it is advisable to use any of
the known filtering methods, for example, mov-
ing average method.

Conclusion

The paper presents the solution of an actual
problem of improving the speed and quality of
medical care of people with diseases that, for
some reasons, are not in the hospital.

The novelty of the paper is in the proposed
architecture of the low-cost and easy-to-use [oT-
based system for monitoring the patient's state.
It consists of Arduino board, the set of sensors,
Internet and GSM modules and an IoT analytics
platform.

The practical significance of the paper is
that the prototype of IoT-based system to moni-
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tor parameters of a patient’s health state and
send the information to the medical staff or pa-
tient’s relatives online through a cloud is devel-
oped. The system is low-cost and relatively easy
in implementation. The results of the experi-
ment, in which the pulse of 12 people was
measured and send to the cloud IoT platform,
showed the efficiency of the system.

Prospects for further research are connect-
ed with:

— adding sensors for measuring other neces-
sary parameters of a patient’s health state;

— defining the frequency of these parameters’
measurements;

—including a GSM shield to the system to
send short messages in case when any of the
parameters have abnormal values.
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Cucrema iHTepHeTy pevyell [Js MOHITOPHHIY
CTaHY NMali€HTa

Annomauyusa. Akmyanvnicms. Inmepnem peueii — ye
MexXHON02isA, AKA CMAE YacmuHolo DISHUX 2ajy3ell
HAWio2o Jicummsi, 6KII0YAIOYU 0XOPOHY 300po6's. B
Oanull 4ac 6 Po36UHEHUX KPAaiHax OesKi JIKapHi ma
[HWE MEOUYHI YCMAHOBU 8Jice BUKOPUCMOBYIOMb Cl-
cmemu inmepHemy peuell Ol MOHIMOPUHZY CMAHY
300po8's nayienmie. OOHax OLIbULICMb 3 YUX CUCTHEM
€ dopoeumu i docums cknaonumu. Kpiv moeo, éonu
npusHaveHi Osl BUKOPUCHIAHHS GUKTIIOYHO MEOUUHUM
nepcounanom. Bce ye npuzeooums 0o mozo, wo 3a-
3HAYEHI cUCmeMU 3aTUULAIOMbCSL HeOOCIYNHUMU OISl
MAC08020 3ACMOCY8AHHA, a NOCMIliHe cnocmepe-
JICeHHsl 3a nayienmamu K [ paniue 30LUCHIOEMbCS
npu 6e3nocepeonitl. NPpUCymHocmi aiKkapis, meocec-
mep mowo. ¥ moti dice uac maxe nocmitine cnocme-
PediCentsi 3a NayieHMOM MaKoJC 8UMA2AE OOCUMb
sucoxux inancosux sumpam ma uacy. binow moeo,
OesIKL 100U, HANPuKiao, oou NOXuio2o 6iKy abo 3
XPOHIUHUMU 3AXEOPIOBAHHAMU HE MAIOMb MONCIUBO-
cmi nocmilino nepebysamu nio MeOUdHUM HA2ISIO0M.
Mema: niosuwenms weuoKocmi ma sSKOCmi meoud-
HOI donomo2u nayieHmam 3a paxyHox nepiooutHo2o
MOHIMOPUHZY IX cmany 300p08'si ma weuoKkozo ouc-
MAHYiiH020 IHGOPMYSAHHS [HWUX TH00ell npo yel
cman. Memoo. Ilpononyemuvcs cucmema Ha OCHOBL
inmeprnemy peueil O NEPiOOUYHO20 MOHIMOPUHEY
napamempie cmawny 300p08's nayichma ma nepeoati
ompumanoi ingpopmayii meouunomy nepconany ado
poouuam nayieHma 8 pexncumi peanvHozo uacy. Bu-
3HAYEHO GUMO2U 00 CUCeMU MA 3anponoHO6aHa it
apximexmypa, wo exmouae niamy Arduino, nabip
oamuuxis, inmepuem i GSM mooyni, a maxooic ana-
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Jimuyny niamgopmy 0nsa inmepremy peueil. Buzna-
YeHO OCHOBHI NApamempu cmamy 300pos's nayicuma,
wWo HeobXiOHO si0cmedicysamu, ma 6i0nogione ob.a-
OHauHSA ONisl KOHMPONIO NAPAMEmpPI8 CMAHY NayicH-
ma. Pesynomamu. Po3pobneno npomomun cucmemu,
Wo 30iUCHIOE MOHIMOPUHE NYIbCY NAYIEHMA i 8I0N-
PABKy ompumanoi iHghopmayii wepes xmapogy niam-
opmy O inmeprnemy peueil MeOUUHOMY NepCoOHALY
abo poouyam nayienma. Pezynomamu excnepumen-
my no eumiprosannio nyivscy 12 ocio i eionpasyi
ompumanoi ingpopmayii 0o xmapu nokazam egex-
muenicme pobomu cucmemu. Bucrnoexu. Pospoobiie-
Ha cucmema Modice 8UKOPUCTOBY8AMUCS K 8 JKap-
HAx, max i 60oma. OCHOBHOIO nepesazoio Cucmemu €
HU3bKA YIHA 6IOHOCHO AHANOZI8, NPOCMOMA ) SUKO-
PUCMAHHI, KOMNAKMHICMb | SHYYKICMb NPU BUMIDIO-
6anHI pizHux napamempis cmany nayieuma. Ilooa-
AbWE  OOCHIOMNCEHHSI  NO8'SI3aHi 3  OCHAUWeHHSM
cucmemu GSM-mooynem ons éionpasku SMS 6 pasi,
SAKWO 3HAUeHHs. 0)y0b-K020 3 napamempis ioXuiisi-
€MbCS 6i0 HOPMANILHO20, A MAKONC OISl GIONOGIOI HA
3anumu Kopucmyeavie npo cman nayicuma.
Kniouosi cnoea: inmepnem peyei, MOHImMoOpuHe
cmany 300po8's, eumipiosanis nyanscy, Arduino.
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CucreMa HHTEpHETa Belleil s MOHHUTOPHHIA
COCTOSIHUSI MAIMEHTA

Annomayusn. Axmyanvnocmo. Hexomopule noou,
Hanpumep, noJCuible Ul T00U ¢ XPOHUUECKUMU 3a-
bone6anuAMU He UMEIOT B03MOICHOCU NOCHMOSIHHO
HAX00UMbCsL NOO MEOUYUHCKUM HAOTIIOOEHUEM.
Lenvio dannoti pabomul s1675eMCsi NOBLIUEHUE CKO-
pocmu u Kawecmea MeOUYUHCKOU NOMOWU NAyueH-
mam 3a Cc4ém nepuoouyecKo20 MOHUMOPUHSd CO-
CMOSIHUSL UX 300P06bsL U OICIMPO20 OUCMAHYUOHHO20
uHgopmuposanus opyeux mooet 06 d3mom coCmosi-
Huu. Memoo. Ilpeonazaemcsi cucmema HA OCHOSe

unmepHema 6ewell Ol NEPUOOUYECKO20 MOHUMO-
PUH2A NAPAMEMPO8 COCTNOSHUSL 300P06bs. NAYUEHMA
U nepeoayu NONYYeHHOU UHGOPMAYUU MeOUYUHCKO-
MY NepCOHANy U poOCMEEHHUKAM NAYUEHMA 6 pe-
arcume peanvroco epemenu. Onpedenienvl mpebosa-
HUSL K cucmeme u NpeonodceHd ee apxumexmypad,
xomopas eéxmouaem niamy Arduino, nabop oamuu-
ko8, unmeprem u GSM mooynu, a makdce ananumu-
yeckylo naamgopmy ons unmeprema eeweni. Onpe-
OefleHbl OCHOBHbBIE NAPAMEMPbL COCMOSIHUSL 300P06bSL
nayuenma, Komopwvie HeoOX00UMO OMCIEHCUBAMb, U
coomseemcmsyioujee 0b60pyodosanue Ol KOHMPOJL
napamempog cocmosinust nayuenma. Pezynomamet.
Paspaboman npomomun cucmemvi, GbInOIHAIOUSULI
MOHUMOpUHZ NYIbCa NAYUeHma U OMNPAsKy NOJY-
YeHHOU UH@OpMayuu uepe3 00NAUHVIO NAAM@OPMY
0N uHmepHema eewjeli MeOUYUHCKOMY HNePCOHALY
wi poocmeennuxam nayuenma. Pesynvmamor skc-
nepumenma no usmeperuio nyivca 12 uwenosex u om-
npaske noJy4eHHol uHgopmayuu 6 061aKo nOKA3aau
aghgpexmusnocmev pabomol cucmemol. Borteoowt. Pas-
Pabomannas cucmema Modicem UCnoIb306ambCsl Kax
6 bonvHuyax, max u ooma. OcHoHbIM €€ npeumyuje-
CMBOM SAGISIIOMCSL HUZKASL YEeHd, NPOCTNOMA 8 UCHOTb-
308aHUU, KOMUAKMHOCHb U 2UOKOCMb NpU usmepe-
HUU pA3IUYHbIX NAPAMEMPO8 COCMOSHUSL NAYUeHMA.
Hanvhetiwue uccnedosanus cesi3anbl ¢ OCHAWEHUEM
cucmemovr GSM-mooynem onsi omnpaexu SMS 6 ciy-
yae, eciu 3HAYeHUe KAaKo20-Iubo u3 napamempos
OMKIOHAEMCST OM HOPMATLHO20, A MaKdice 01l Om-
6ema Ha 3anpocsl NOIb3068ameell 0 COCIOSHUU 300~
POsbsi nayuenma.

Knioueevie cnoea: unmepnem eewjeti, MOHUMOPUHS
CcOCMOosiHUsL 300p08bsl, usmepenue nyavca, Arduino.
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