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Abstract: Heart disease has been a major 
problem in Brazil and in the world due to 
its high mortality rate, being one of the 
main causes of unexpected deaths. Based 
on these observations, this article proposes 
the development project of a low-cost, high-
precision cardiac monitoring system based on 
the Internet of Things for remotely monitoring 
the cardiac activity of patients. With the 
aid of software, the possibility of acquiring 
the complete signal of cardiac activity 
was identified with an ECG module and a 
microcontroller. In addition, to accommodate 
the circuit, a 3D modeling of the prototype 
of a “case” was designed. Thinking about the 
development of an application interface to 
display the acquired data, we opted for the 
use of free software that transfers the data to 
the cloud. At the end of the structuring of the 
project and the tests with virtual prototyping, 
it was concluded that the construction 
of an electrocardiograph integrated with 
the concepts of Internet of Things for the 
availability of data at a distance proved to be 
feasible due to its low budget for production 
and acquisition for the users.
Keywords: IoT. Technology. Cardiac 
Monitoring. Electrocardiogram. 
Microcontrollers.

INTRODUCTION
According to data from the official website 

of WHO (World Health Organization), 
cardiovascular diseases represent the lead 
when it comes to causes of global death. It 
is estimated that about 17.9 million people 
died from heart-associated diseases in 2019, 
among them, 85% were due to heart attacks 
and pericardial effusion. This global trend is 
reflected in Brazil with mortality rates from 
cardiovascular diseases (CVD). In the period 
from 2016 to 2019, for example, there was 
an increase in rates that varied according to 
region and race. (PELLENSE et al., 2021)

According to Kamble (2019) heart disease 
is one of the main reasons for unexpected 
deaths. A variety of medical devices have been 
developed by engineers to diagnose a variety 
of heart-related illnesses. The international 
classification of diseases (ICD) groups codes 
that identify diseases related to heart disease, 
which include the 9th and 10th Revisions 
(ICD-9 and ICD-10) such as cardiomyopathies 
and heart failure identified as ICD-9 :420.0 
and 429.9 respectively.

The Electrocardiogram (ECG) signal plays 
an important role in detecting heart problems. 
Continuous monitoring of the elderly patient 
requires a special and simple device as the 
traditional hospital ECG machine is not 
commonly used in the home environment. 
Thus, a proposal for a simple and economically 
viable ECG device is very valid for contexts 
like this. (RASSAL RAJ et al., 2022).

According to the manual entitled “Medical-
Hospital Equipment and Maintenance 
Management” by the Ministry of Health, by 
detecting the electrical activity it is possible 
to produce the electrocardiogram that gives 
a graphic record of the electrical voltage as 
a function of time. With the amplitude of 
millivolts, this detection is captured on the 
surface of the body and is presented as a non-
invasive method of diagnosing and monitoring 
the evolution of pathologies (MINISTÉRIO 
DA SAÚDE, 2002).

Kamble (2019), mentions that the signal 
obtained by the electrocardiograph explores 
the knowledge of the degree of performance 
of cardiac function. Monitoring technologies 
such as multiparametric monitors, extremely 
common in health centers, also monitor ECG 
information that provides heart rate, which 
comprises a vital sign.

Research has been carried out worldwide 
for medical devices using the technology 
known as the “ Internet of Things” (IoT) or 
Internet of Things. In the context of the 
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2020 pandemic, IoT was applied to patient 
monitoring systems in order to track high-
risk cases through biometric measurements. 
In addition, capturing and managing health 
data from infected patients through the use 
of apps has also been widely adopted (Zorkot, 
2021).

Therefore, the “internet of things” 
mechanism plays a vital role in the generation 
of facilitating systems for health monitoring. 
This technology implemented in diagnostic 
tools for heart problems plays a very important 
role since it has the purpose of continuously 
monitoring a vital sign (XU, 2020).

Through real-time monitoring technology 
systems; that have a less robust data 
acquisition system than the technologies 
used for diagnostic purposes in health 
environments; It is currently possible to detect 
electrocardiogram waves that reflect the 
pattern of regular heartbeats (SZEZEPAŃSKI; 
SAEED, 2014).

According to Zhang and Zhai (2021), 
obtaining the electrocardiographic signal 
through systems, in contrast to detection via 
manual methods, raises the data accuracy 
rate. A high level of accuracy contributes to 
the technological security of an ECG device. 
According to Tieppo (2021), the clinical 
methods commonly used in the detection of 
Cardiovascular Diseases (CVD), in addition 
to electrocardiograms, require high-cost 
equipment and qualified professionals, such 
as blood tests through which observation 
is carried out of biomarkers, computed 
tomography exams and angiograms.

This way, low-cost remote monitoring 
technologies accompany both the advancement 
of the increased use of smartphones and the 
needs for economically viable monitoring of 
health parameters outside the conventional 
clinical environment. Therefore, the present 
work proposed the development of a system 
for capturing and remotely monitoring the 

ECG parameter, so that its visualization is 
possible through a free platform in the cloud 
and its acquisition, through an easy-to-acquire 
sensor module. in the market.

THEORETICAL REFERENCE
The theoretical framework addresses the 

physiological and technical principles of the 
electrocardiogram, the presentation of the 
characteristics of the “Internet of Medical 
Things” and standards that involve the 
manufacture and operation of this type of 
solution. In addition, the concepts of devices 
known as Point-of-Care (POC) and examples 
of remote cardiac monitoring technologies 
proposed by the market are discussed.

PHYSIOLOGY OF THE HEART AS A 
BASIS FOR THE FUNCTIONING OF 
THE ELECTROCARDIOGRAM
The heart is an essential organ for life to 

exist, since, having its functionality exercised 
from electrical impulses produced within it, 
it makes the fluidity of an entire circulatory 
system capable (MINISTRY OF HEALTH 
2021), thus requiring periodic monitoring 
specific for analysis of its functioning 
(EINTHOVEN, 1901 apud BURDON ; 
PAGE, 1878). In order to understand the 
basic functioning of the electrocardiogram, 
knowledge about the physiology of the cardiac 
organ becomes essential.

The heart consists of four cavities: right 
atrium, right ventricle, left atrium and left 
ventricle, which interact with each other, 
being essential in the dynamics of contraction 
(systole) and relaxation (diastole) of the 
muscle. The contraction process occurs due 
to the depolarization of the cells, when there 
is the presence of some stimulus generated 
by the differentiation of the potentials of the 
salts, while the relaxation occurs due to the 
repolarization of the cells, and there may be no 
stimuli or their cessation (TEIXEIRA, 2021 ).
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The stimulus starts in the Sinoatrial 
Node (SAN), due to the large presence of 
pacemaker cells, following throughout the 
atrial myocardial cavity and heading to 
the atrioventricular node, where there is a 
delay in the transmission of the stimulus, 
following to the HIS Bundle, also known 
as the atrioventricular fasciculus, and the 
Purkinje network, allowing the stimulus to 
be distributed throughout the ventricular 
myocardium cavity equally (TEIXEIRA, 
2021).

Obtaining the result of the 
electrocardiogram is done precisely by reading 
the electromagnetic waves generated inside 
the heart, thus allowing the recording of the 
emitted electrical activity, and consequently, 
the flow of the patient’s circulatory system. 
Such results are expressed in an ECG 
graph with the example of wave complexes 
(LAGERHOLM et al., 2000).

	
Electrocardiogram and its importance
The electrocardiogram is the test that the 

medical team uses it to analyze the electrical 
waves emitted by the heart and to obtaining 
data on the size of the atria, ventricles 
and the situation of the coronary arteries, 
has the function of monitoring the heart 
rhythm, capturing the emitted millivolts and 
separating them into peaks of contractions 
and relaxations (EINTHOVEN, 1901). In 
Figure 1, the demonstration of the heart 
contraction process can be observed.

The electrocardiogram is an exam 
performed to measure the process of systole 
and diastole of the heart. For this, superficial 
electrodes are positioned in the pectoral 
region, with the aid of a gel and with the patient 
at rest, the electrocardiograph is turned on, 
starting to record the impulses emitted by the 
heart (MINISTÉRIO DA SAÚDE 2016).

The interpretation of the waves obtained 
through the electrocardiograph makes it 

possible to identify heart diseases that act on 
the myocardial beats, such as bradycardias 
responsible for causing an irregular or slow 
heart rhythm, normally with less than 60 beats 
per minute, and arrhythmias, responsible for 
fast and disordered heart beats, these diseases 
cause ventricular tachycardia, ventricular 
fibrillation and asystole (HUNTER et al., 
2003). In figure 2, there is a visual example of 
cardiac rhythms.

INTERNET OF THINGS (IOT)
The ability to evolve is what differentiates 

humans from other animal species. Such 
ability allowed us to move from a harried 
experience in the midst of nature to a modest, 
comfortable everyday life that enjoys many 
technological aspects, but which made 
constant reinvention necessary within human 
knowledge and in the technological world 
(WOLPOFF; CASPARI, 1996).

What we know today as computer 
technology had a tangible beginning in 
1946 with the creation of the first large-scale 
electronic digital computer, called ENIAC, 
created by the Americans John Eckert and 
John Mauchly. From then on, with the 
constant development of human knowledge 
and the discovery of new natural components, 
the existence of what we know today as IoT 
became possible, whose acronym means 
Internet of Things (RICKMAN; TODD, 2003).

The idea of the IoT came up in 1999 with 
the British Kevin Ashton, who during his 
studies on radio frequency identification 
noticed a singularity in ubiquitous sensors, as 
they were able to interact by connecting the 
physical world to the internet. From then on, 
the machine-to-machine connection began 
to be studied, in order to speed up processes 
automatically without human intervention 
(RAHMAN; ASYHARI, 2019).

In view of the growing development and 
technological structure of IoT, there was the 
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Figure 1 – Process of contraction (systole) and relaxation (diastole).

Source: Med Simple (2020)

Figure 2 – Example of cardiac rhythms.

Source: Freepik (2020)
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possibility of building equipment capable of 
detecting, processing and communicating 
data, associating sensors with multiple items 
of human daily life to help understand the 
behavior of these items or the environment. 
in which they are inserted (XU, 2020).

The implementation of technology in 
hospital routine is one of the most requested, 
among all areas of modern society, since the 
facilities that come from it make the routine 
activities of health professionals easier, more 
agile and profitable, in terms of quality and 
reliability in the which refers to the treatment 
of the patient and also the management of 
their information in real time, even if these 
professionals are not all the time next to their 
patients (HODGINS et al, 2008).

As a consequence of such technologies in 
the health area, a wide variety of machines 
and devices with greater connectivity and 
advanced applicability have been generated, 
which are extremely important in hospital 
environments, mainly because, based on such 
tools, it is possible to diagnose or treat patients 
with greater efficacy (HODGINS et al., 2008).

REGULATIONS RELATED TO THE 
EFFECTIVENESS AND SAFETY OF 
CARDIAC MONITORING DEVICES
Cardiac monitoring technologies, such 

as hospital electrocardiographs or systems 
that implement real-time acquisition of 
electrocardiographic signals, through mobile 
applications, must comply with requirements 
established by national and international 
standards that cover both manufacturing 
processes and the need for ensure electrical 
safety for users and operators (SARRACINI, 
2021).

Because medical equipment is directly 
related to people’s lives, it is a complex process 
where any failure can be very costly, in the 
sense of resulting in economic losses, injuries 
and more serious fatalities. Therefore, the 

guarantee of safety, effectiveness and reliability 
is essential to this process (ROSA apud LIN et 
al., 2014).

According to Vendramini and Sarracini 
(2020), medical electrical equipment, 
according to the ABNT NBR IEC 60601-1:2010 
Standard (Brazilian Association of Technical 
Standards / International Electrotechnical 
Commission ), is an electrical device that has 
an applied part, that is, a part that necessarily 
comes into physical contact with the patient, 
when in use, or transfers energy to the patient 
through an electrical supply network. It may be 
intended by the manufacturer for diagnostic, 
treatment or monitoring purposes.

Electromedical equipment in general 
needs to comply with regulatory standards 
that seek to ensure effectiveness and safety in 
performance. The “General Standard” cited 
above as ABNT NBR IEC 6060-1-1 deals with 
general safety prescriptions, applicable to all 
Medical Electrical Equipment. It prescribes 
general conditions for tests, protection against 
risks of electric shock, mechanical, among 
others.

In addition, there are collateral standards 
that are not dealt with in the General Standard 
and encompass a group of specific equipment. 
In the case of electrocardiograph equipment, 
the norm that deals with particular 
prescriptions for this group is ABNT NBR 
IEC 60601-2-25. This standard defines 
terms used in electrocardiography and adds 
some tests for safety evaluation. One of its 
sections contains, for example, the protection 
of the equipment against the effects of the 
defibrillator, in addition to terms used for 
carrying out the performance analysis of the 
electrocardiograph.

MARKET TECHNOLOGIES
Solutions that meet the specificity of 

performing cardiac monitoring remotely 
have been studied for merely informative 
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applications or as devices based on the Point-
Of-Care (PoC) concept, which have higher 
costs.

Point-Of-Care technologies that, in 
particular, enable real-time applications to 
monitor multiple health parameters, without 
the need for many resources, comparable to 
a portable laboratory (TIEPPO, 2021 apud 
MERKOÇI, 2018).

This section presents remote cardiac 
monitoring devices that offer the practicality 
of viewing data through applications. In 
addition to functioning, the current costs of 
these solutions are discussed.

SMARTCARDIA - 7L PATH
The Swiss company SMARTCARDIA 

has developed an ECG platform for remote 
cardiac monitoring of patients. According 
to her, the device is dedicated to detecting 
atrial fibrillation with precision and low noise, 
therefore, it is a technology for diagnosis 
(SMARTCARDIA, 2022).

The solution relies on a machine learning 
system called “SmartNeuralNet” that integrates 
data in the cloud. As soon as the monitoring 
starts, the health professional is notified of any 
significant cardiac arrhythmias, when these 
are automatically detected, quickly allowing 
measures to be taken (SMARTCARDIA, 
2022).

The basis of the solution’s “Artificial 
Intelligence” platform makes use of the ECG 
segments classified by cardiologists and 
cardiac technicians and, in real time, the vital 
signs are sent to the cloud with the 7 ECG 
leads (SMARTCARDIA, 2022).

Therefore, through an application, the 
electrocardiographic data are analyzed 
by an artificial intelligence algorithm and 
stored continuously, alerting the existence of 
arrhythmias. In addition, through a report 
generator tool, cardiologists can view, edit 
and download reports. See the structure of the 

device and the application interface in figure 
3.

The “patch” device that has contact with the 
patient is waterproof, can remain connected 
for up to 14 days and does not require charging, 
which greatly facilitates its application for 
“Holter” exams aimed at monitoring needs for 
24 hours (SMARTCARDIA, 2022).

ALIVECOR KARDIAMOBILE (Wireless 
Personal ECG)

Alivecor is a company North American 
medical device and artificial intelligence 
company that focuses on the development 
of electrocardiogram software and hardware 
for mobile devices. The company was the first 
to receive Food and Drug Administration 
(FDA) authorization for a medical device 
accessory for the Apple Watch. Basically, 
through an advanced algorithm it analyzes 
common arrhythmias (MEDICAL DEVICE 
NETWORK, 2021).

The Kardia Mobile technology aims to 
record the personal electrocardiogram in 
30 seconds at any place or time. Therefore, 
it proposes to perform the detection of 
atrial fibrillation, bradycardia, tachycardia 
or normal heart rhythm. Similar to the 
technology mentioned above, the application 
stores the records and provides the possibility 
of sending them by email for the doctor to 
evaluate and this with unlimited cloud storage 
capacity (ALIVECOR, 2022).

It can be seen in Figure 4 the application 
interface and the practicality incorporated in 
the design of the device that has a support to 
attach to the smartphone.

METHODS
For Gil (1999), the scientific method is a 

way to achieve knowledge, which uses a set 
of intellectual and technical procedures. This 
methods section describes the characteristics 
of the method used, identifying the necessary 
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Figure 3 – Smart Cardia Device and Application Interface

Source: Smart Cardia (2022) 

 
Figure 4 - AliveCor Device and Application Interface

Source: Free Market (2021)

COMPONENTS

ECG Module - AD8232

ESP32 microcontroller

Electrodes - 3

3.5mm electrode connector

Jumpers

Breadboard (400 holes)

3.5mm male to female connector

USB A male female connector

Arduino UNO

Table 1 - Survey of materials

Source: own elaboration (2022)
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actions to arrive at knowledge.

LITERATURE REVIEW METHOD
With the objective of developing a project 

for an electrocardiograph capable of measuring 
signals for ECG remotely and accurately, 
helping in remote care, the methodology 
used is based on document analysis in an 
exploratory and deductive way. The “Google 
Academic” platform was used to obtain 
bibliographic material from the last five years, 
pertinent to the deepening of fundamental 
theories, already existing. With regard to the 
descriptors required for this research work, 
the following were used: “Internet of Things”, 
Microcontrollers, Technology and Cardiac 
Monitoring. The acquired material enables a 
better understanding of the problems of the 
proposal so that, throughout the development, 
it is possible to implement the solution. For 
the development, the work of Savari (2022) 
was used for addressing the implementation 
of a remote electrocardiogram with “Internet 
of Things” applied.

Materials
For the development of the project, the 

materials for the assembly of the electronic 
circuit were raised. The selected materials 
were: AD8232 ECG module, ESP32 
microcontroller, electrodes, 3.5mm connector, 
breadboard, jumpers, male to female USB 
connector and an Arduino UNO. In addition 
to surveying the necessary materials, a survey 
of their respective values was also carried 
out, which the sum results in values below 
the technologies present in the market that 
present the acquisition of ECG integrated 
to an application for mobile devices. Table 1 
shows the survey carried out.

METHOD TO ANALYZE THE 
RELIABILITY RESULTS OF 
THE DATA OBTAINED BY 
ELECTROCARDIOGRAPHS BASED 
ON THE “INTERNET OF THINGS” 
TECHNOLOGY
Given the methodological approach used, 

the survey and collection of data on cardiac 
monitoring were carried out in a qualitative 
way, where the search for understanding and 
interpretation of these data was carried out 
from perceptions and comparison with the 
results of the analyzed articles and simulations 
graphics made during the development of 
the article with the help of online electronic 
software tools.

METHOD TO COMPARE TOOLS 
USED FOR THE DEVELOPMENT OF 
A LOW-COST CARDIAC MONITOR 
SYSTEM THAT INTEGRATES THE 
DATA IN AN APPLICATION
The method used as a study parameter that 

guided the development of a low-cost “Cardiac 
Monitor System”, which integrates data into 
an application, was based on active research 
and observations of the day-to-day of modern 
society, as, understanding the way in which a 
society interacts with the world around it and 
at the same time with itself, it was possible to 
merge personal care of extreme importance for 
human health with a technological device that 
the vast majority of the population has access 
to, the cell phone. Thus, aiming at accessibility 
by health professionals and better monitoring 
of vital signs of the hearts in cardiac patients, 
and also in healthy patients.

METHOD FOR DESIGNING AN 
ELECTRONIC SIMULATION AND 
PROTOTYPE APPLICATION OF AN 
ELECTROCARDIOGRAM SYSTEM
In order to obtain data that confirm the 

effectiveness of the research and equipment, 
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simulations were carried out, and for this, 
online simulation software tools were used, 
namely: PROTEUS for the simulation of the 
functionality of the electronic components, 
MULTISIM for the simulation of the reading 
electromagnetic waves coming from the heart, 
AUTOCAD to simulate the modeling of the 
finished equipment and finally the ARDUINO 
IDE and the ARDUINO CLOUD to simulate 
the programming and data transfer of the 
equipment, respectively.

Electronic simulation
The primary function of an ECG 

acquisition system is to amplify the electrical 
signal from the heart and reject artifacts and 
biological and environmental noise, normally 
using differential amplifiers. Mitigating these 
disturbing influences on the ECG signal 
is critical to improving its accuracy and 
reliability. The amplification of the electrical 
signal improves the interpretation of the exam.

Through the “Multisim” online circuit 
simulator, it was possible to design a basic 
circuit capable of producing the complete 
electrocardiogram signal at its output, as can 
be seen in Figure 6.

For the simulation of acquisition of heart 
beats in addition to the ECG waves, it was 
possible to develop a circuit in the PROTEUS 
software, in which, through a library called 
“Heart Beat Sensor”, it is possible to acquire 
the BPM (heart beats per minute) which 
varies according to the change in resistance 
values connected to one of the sensor 
terminals. Through the use of an Arduino 
microcontroller available in PROTEUS and 
an LCD display, it is possible to program the 
visualization of heartbeats every 1 second. 
In Figure 7 follows the representation of the 
electrical diagram of the PROTEUS software.

For programming the Arduino Virtual of 
PROTEUS, the Arduino IDE software was 
used, in which it was possible to configure the 

Display or the Virtual Terminal, both places 
for viewing the BPM. In addition, through 
the Heart Beat sensor, it is possible to plot the 
output graph similar to that of the traditional 
ECG with the aid of an oscilloscope. Figure 8 
shows the Arduino IDE programming code.

RESULTS AND DISCUSSION
RESULTS OF ELECTRONIC 
SIMULATION OF MONITOR 
OPERATION
Through the “Multisim” platform, the built 

circuit was able to generate complete signals 
from an electrocardiogram that reflects the 
representations of the ECG waves, such as the 
QRS complex stretch, the moment of activation 
of the ventricles and ejection of blood into the 
vessels, as well as in the recording of cardiac 
activity captured by electrodes, this activity 
can be seen in Figure 9.

The electrical scheme designed together 
with the Arduino IDE programming provides 
the projection of heartbeats on the PROTEUS 
terminal itself and the visualization of 
signals similar to the signals projected by 
electrocardiographs through the aid of an 
oscilloscope. The results obtained can be seen 
in Figure 10 and Figure 11.

Application interface
The proposed system consists of a set 

of hardware and software components that 
interact with each other. These components 
can be divided into four units: data collection 
which is responsible for reading the cardiac 
activity signals, the Wi-Fi ESP module which 
processes the data received from the ECG 
module and transmits information to the 
API application (Interface of Programming 
Application) and finally, the ARDUINO 
CLOUD application to display the received 
information on the cell phone screen. 
Therefore, in addition to reading, processing 
and sending data, the system proposes a 
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Figure 6 - Circuit representation of electrocardiogram signal projection

Source: own elaboration (2022)

Figure 7 - Wiring diagram in the PROTEUS software

Source: own elaboration (2022)
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Figure 8 - Programming of the Virtual Arduino via ARDUINO IDE software

Source: own elaboration (2022)

Figure 9 – Multisim output signal simulation

Source: The Own Elaboration (2022)

Figure 10 - Wiring diagram and simulation result

Source: own elaboration (2022)
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Figure 11 - Plotting the ECG signal on the oscilloscope

Source: own elaboration (2022)

Figure 10 - Flowchart of the proposed architecture for the project

Source: own elaboration (2022)
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graphic display according to the flowchart 
shown in Figure 10.

From the data acquisition, it is proposed 
the acquisition of a simple interface through 
the Arduino CLOUD, which allows the 
visualization of the ECG tracing. Figure 
11 shows an interface for displaying data 
acquired by the AD8232 module in the Blynk 
application.

Prototype Modeling
For the elaboration of the prototype 

modeling, AUTOCAD software was used. 
For the development process, some points 
were taken into account, such as the easy 
understanding of the use of the equipment, 
its portability and the low cost of the project. 
With this, it is proposed a support for mobile 
devices in the electrocardiograph set, which 
has a 3.5mm input for connecting electrodes 
and a USB input for connecting a portable 
battery. In Figure 12 it is possible to observe 
the 3D modeling of the prototype.

FINAL CONSIDERATIONS
This work aimed to design an ECG system 

for health based on IoT for monitoring the 
cardiac activity of patients. The main strengths 
of the proposed system are the economically 
advantageous possibility of construction and 
connection, as well as the ease of use, since the 
device allows its operation anywhere.

The project has a console with structure to 
integrate data from an electronic simulation 
to a functional application. For a future 
perspective, it is proposed, with the assembly 
of the physical components, the visualization 
of the ECG tracing incorporated into an easy-
to-execute application. The “case” can be 
prototyped in AUTOCAD in which there will 
be coupling of the entire circuit that will work 
together with a cell phone support. This allows 
the aid of a 3D printer, as a future perspective, 
in the manufacture of the device.

The project could be improved by 
increasing the number of electrodes for 
the ECG sensor in order to obtain more 
accurate results. In addition, the structure 
also allows the addition of more sensors for 
the measurement of other parameters, such 
as temperature and oxygen. Still for future 
works, the use of Arduino CLOUD allows 
the collection and storage of data for the 
elaboration of reports. Thus, a database of the 
results generated by the electronic circuit and 
displayed in the application can elevate the 
device to applications in diagnostic support 
contexts.

In addition, to validate proper functioning 
and data integrity, it is feasible for the device 
to undergo calibration steps using an ECG 
simulator that simulates heart rhythm 
and waveforms. Another issue would be 
understanding the limitation of remote 
technology, that is, the distance at which data 
can be acquired remotely, which will interfere 
with the methods of using technology and 
its effectiveness in relation to the accurate 
detection of data while the user is in 
movement, for example.

Finally, an extremely relevant point of 
improvement would be the integration of the 
entire system to the CEP technology, from the 
English “Complex Event Processing” to detect 
short- and long-term events in the patient’s 
ECGs. Exploring detection algorithms, it 
is possible to identify the patient who is 
in a dangerous scenario. Thus, real-time 
professional analysis can be more targeted to 
the cases that deserve attention.
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Figure 11 – ECG data acquisition interface prototype

Source: Blynk Community (2018)

Figure 12 - 3D modeling of the project

Source: own elaboration (2022)
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