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Abstract

In recent years, there has been a growing interest in developing remote monitoring systems for
medical applications, particularly for electrocardiogram (ECG) monitoring. These systems leverage
the Internet of Things (IoT) to enable the continuous monitoring of patients' cardiac activity outside
of traditional medical settings. This paper proposes an IoT-based remote ECG monitoring system
aimed at improving access to medical services, especially for individuals in remote or underserved
areas. The proposed system utilizes portable ECG devices equipped with IoT technology to collect
data on patients' heart activity. These devices transmit the collected data wirelessly to servers or
specialized medical applications via Wi-Fi. The data is then processed and can be analyzed using
specialized algorithms or artificial intelligence techniques to detect anomalies, arrhythmias, or other
cardiac conditions. Key components of the system include the portable ECG device, which includes
Arduino Nano, an AD8232 ECG sensor, a USB cable, and a breadboard and ThingSpeak platform.
The system architecture allows for real-time monitoring of patients' ECG data, enabling timely
interventions by medical professionals when abnormalities are detected. By leveraging IoT
technology, the proposed remote ECG monitoring system offers several advantages, including
enhanced accessibility to medical services, timely detection of cardiac abnormalities, and the ability
to monitor patients remotely, reducing the need for frequent hospital visits. Overall, this system has
the potential to improve healthcare outcomes and quality of life for patients by providing
continuous, personalized cardiac monitoring regardless of geographic location.
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1. Introduction

In the modern world, access to quality medical care is one of the key issues, especially in rural
and remote areas, as well as among people with disabilities. Internet of Things (IoT)
technologies open up new perspectives for improving access to healthcare services,
particularly through the implementation of remote monitoring systems that allow patients to
receive medical assistance and monitor their health status in a convenient and efficient
manner.
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The advantages of remote monitoring systems for electrocardiograms (ECG) using IoT are
evident: they allow patients with certain cardiovascular diseases or risks to monitor their
heart health without the need to constantly rely on medical personnel. Such systems provide
continuous and unobtrusive monitoring, which can be critical in cases where even the
slightest anomaly may indicate serious health problems.

In this study, we will explore the methods and technologies underlying remote monitoring
systems for electrocardiograms using IoT, their advantages and limitations. We will also
examine the process of development and implementation of such systems, the importance of
testing and evaluating their effectiveness, as well as the prospects for implementation in
medical institutions and practice. Our work is aimed at identifying opportunities and barriers
in the use of IoT to improve access to medical services, as well as formulating
recommendations for further development and improvement of such systems.

2. Review of electrocardiogram monitoring methods

Electrocardiography (ECG) is a primary method for diagnosing cardiovascular diseases,
providing information about the heart's electrical activity. With technological progress and
the development of medical electronics, traditional methods of obtaining ECG have been
significantly modernized, including the development of remote monitoring systems using IoT.

Traditional methods of ECG monitoring include:

1. Standard ECG: The patient connects to electrodes that record the heart's electrical
activity over a certain period of time. The registration results can be stored on paper or
recorded in digital format for further analysis.

2. Holter monitoring: The patient wears a portable ECG device (Holter monitor), which
records the heart's electrical activity for 24 hours or more. The recorded data is then analyzed
by a doctor.

3. Telemetric ECG: The patient can be connected to a special device that sends ECG data
wirelessly over a distance. This method allows monitoring the patient's heart activity in real-
time, but it requires the patient to remain within a certain radius of the receiving device [1].

Methods of ECG monitoring using IoT include:

1. IoT portable devices: Miniature portable ECG devices connected to the Internet allow
patients to monitor their heart rhythm even during normal activities without the need to be in
the hospital. These devices can transmit data in real-time to servers for further analysis.

2. Remote monitoring systems: IoT-based remote monitoring systems use special portable
devices connected to the Internet via mobile networks or Wi-Fi. These devices can transmit
ECG data to servers or mobile applications for analysis by doctors or other medical
professionals.

3. Integration with medical systems: Some ECG monitoring systems can be integrated with
electronic medical records or telemedicine systems, allowing doctors to receive real-time
monitoring data and consult with patients remotely.

4. Data analysis using artificial intelligence: Using machine learning algorithms and
artificial intelligence to analyze large volumes of ECG monitoring data can help in early
detection of anomalies and cardiovascular risks.



These methods and technologies demonstrate the evolution of ECG monitoring towards
more efficient and convenient solutions, providing valuable insights into patients' heart health
while improving access to medical services [1,2].

Specialized algorithms and artificial intelligence are used to analyze the collected data,
which allows detecting anomalies in real time. High-performance supercomputer technologies
used for modeling and identification of complex systems can significantly improve the
accuracy and efficiency of such systems[3].
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3. Principles of remote monitoring systems using loT and its
architecture

Remote monitoring systems for electrocardiograms (ECG) based on IoT utilize special portable
devices that collect data on patients' heart activity and transmit it wirelessly to servers or
specialized medical applications. The main principles of operation of such systems include:

1. Data Collection: The portable ECG device, typically in the form of a small reliable
electrocardiograph, gathers the heart's electrical activity through special electrodes.

2. Data Transmission: The collected ECG data is transmitted wirelessly (e.g., via Bluetooth,
Wi-Fi, or mobile networks) to servers or mobile applications responsible for processing and
storing the information.

3. Data Processing and Analysis: The obtained data is analyzed using specialized
algorithms or artificial intelligence to detect anomalies, arrhythmias, or other cardiovascular
diseases.

4. Results Display: The analysis results can be displayed on medical devices, monitors,
mobile applications, or electronic medical records systems for further examination by medical
professionals[4].

Architecture and Components of such Systems:

1. Portable ECG Device: This is a physical device roughly the size of a smartphone or even
smaller. It consists of electrodes for data collection, motion sensors, and built-in IoT
technology for wireless data transmission.

2. Wireless Communication Module: This module is responsible for continuous
transmission of data collected by the ECG device to a remote server or mobile application via
the Internet.

3. Cloud Server or IoT Platform: This is a centralized system that receives, stores, and
processes ECG data in real-time. It may include infrastructure for data analysis, management
of connected devices, and ensuring data security.

4. Mobile Application or Web Interface: This is the interface providing access to ECG
monitoring data for both patients and medical professionals. It may include functions for
display, analysis, anomaly notifications, and communication with medical staff.

The architecture of such systems may vary depending on the manufacturer and specific
application, but these components are fundamental to most remote ECG monitoring systems
using IoT [5].



4. Development and implementation of remote electrocardiogram
monitoring system using loT

For the construction of the IoT system, an Arduino Nano, an AD8232 ECG sensor, a USB
cable, and a breadboard were used.

Three electrodes included in the kit are connected to the module via a connector, and the
electrodes themselves are attached to the body of the person (Fig 1)

Figure 1: Attachment of electrodes to the human body.

In proposed research, the yellow electrode corresponds to RL (right leg), the red one to RA
(right arm), and the green one to LA (left arm) (Fig 1). Similarly, electrodes are attached to the
chest. These electrode contacts on the module are also duplicated as contacts to which you
can connect your electrode wires. When using wires from the kit, it is advisable to check the
contacts to ensure they match the colors, which is not always the case. The round electrodes
included in the kit are disposable. After use, their adhesiveness deteriorates sharply, and the
gel inside for reliable contact with the skin dries out. After the first experiments, it is not
advisable to rush to throw them away. To continue the experiments, it is sufficient to moisten
the gel with water (I slightly salt the water), then it will become viscous, sticky, and
conductive again. Such electrodes are the cheapest and simplest, but if desired, reusable
electrodes without adhesive elements that work like suction cups can be found for sale.
However, even in this case, it is necessary to use special gel for reliable electrode contact with
the skin. The simplest variant of the electrode can be a metal plate or washer (coin) moistened
in saline water, connected to the AD8232 module. This option is the most budget-friendly and
not suitable for long-term use - when the water dries, the contact will deteriorate, which will
lead to deteriorated measurement results [6,7].

The AD8232 module has an electrode connection detector - contacts L + and L- output a
logical unit if the electrodes are not connected and a logical zero if they are connected. On the
display screen, this is displayed with the characters L + and L-. If their color is green, it means
the electrodes are connected; if red, they are disconnected. The presence of noise on the ECG
graph may be related to such nuances as electrode contact and their correct placement on the
body, the presence of defects in electrode wires, and their damage. Unlike optical sensors,
body movements during measurement give much less distortion of the graph on the screen,
but still provide some impulses (Fig 2).



Figure 2: Connection between Arduino and the AD8232 board.

The software implementation was done in the Arduino IDE environment (Fig 3).

wvoid loop() {
void setup() {

if((digitalRead(10) = 1)||(digitalRead(11) =— 1){

// initialize the serial communication:
Serial begin(9600): Serial println{analogRead(A0)):

pinMode(10. INPUT): // Setup for leads off detection LO + 3

pinMode(11, INPUT): // Setup for leads off detection LO - /Wait for a bit to keep serial data from saturating
pinMode(13. OUTPUT): delasv(100);
digitalWrite(13. HIGH): digitalWrite(13, HIGH):
delaw(1000): delay(10);
digital Write(13, LOW): digitalWrite(13, LOW);
} }

Figure 3: Connection between Arduino and the AD8232 board.

In the loop() function, we place commands that will be executed continuously as long as
the Arduino board is powered on (see Appendix A). Starting execution from the first
command, the microcontroller will reach the end and immediately jump back to the beginning
to repeat the same sequence. And so on countless times (until power is supplied to the board).
In the digitalRead() function, we read the value from the specified input, and using the
analogRead() function, we take the value from the specified analog input. After starting, we
can see the values in the serial port, which are displayed on the graph (Fig 4).



w0t U

300.0 + t + t+
Li00 1500 1800 1700 1600

Figure 4: Displaying the ECG Graph.

5. Building an ECG graph using the ThingSpeak platform

ThingSpeak is an Internet of Things (IoT) platform that allows you to collect and store sensor
data in the cloud and develop IoT applications. The ThingSpeak IoT platform offers
applications that enable you to analyze and visualize your data in MATLAB.

Our device or application can communicate with ThingSpeak using the RESTful API, and
we can keep your data private or make it public. Additionally, you can use ThingSpeak for
data analysis and actions on your data.

To send data to ThingSpeak using Arduino, we need an Arduino with network
connectivity. We have an official library for ThingSpeak, and we need Arduino 1.6.x or higher
to work on Windows, MAC OS, and Linux®. Also need to install and use this library with
Arduino device to send data to ThingSpeak.

After creating the channel on ThingSpeak, we will see its number
(counterChannelNumber) and API key (myCounterReadAPIKey), which need to be specified
in the code in the Arduino IDE [8,9].

In the code, you need to specify the name of your SSID and its password (ssid and pass).



#include "ThingSpealk.h"

#include <WiFil01 h>

#include "secrets h"

char ssid[] = SECRET_SSID;

char pass[] = SECRET PASS;

int keyIndex = 0;

WiFiClient client;

unsigned long counterChannelNumber = SECRET CH ID COUNTER;

const char * myCounterRead APIKey = SECRET READ APIKEY COUNTER;

Figure 5: Setting up the connection to the ThingSpeak platform.

Arduino reads analog voltage from pin 0 and records it in a ThingSpeak channel every 20
seconds. It's also possible to send multiple values. Since ThingSpeak supports up to 8 data
fields, you can send more than one value to the platform. To send multiple values to
ThingSpeak from Arduino, you use ThingSpeak.setField(#, value) for each value to send, and
then use ThingSpeak.writeFields(myChannelNumber, myWriteAPIKey) to send everything to
ThingSpeak. After that, we get the result in the form of a graph. This graph will be stored in
the channel of the ThingSpeak platform. Additionally, it is possible to build and save other
graphs according to the data we receive from our ECG system (Fig 6) [7,8].
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Figure 6: Result of running the program on the ThingSpeak platform.

The accuracy of the ECG graph in ThingSpeak usually depends on several factors:

Quality of sensors and data collection devices: First and foremost, the accuracy of the
graph depends on the quality of the sensors and devices collecting ECG data. If your sensors
or devices are unable to adequately read the heart's electrical activity, the accuracy of the
graph will be compromised.

Stability of the connection to ThingSpeak: If the connection to the ThingSpeak platform is
unstable or frequently lost, this can lead to some data loss or incorrect graph plotting.

Data update frequency: The more frequently the data is updated on ThingSpeak, the more
accurate the graph can be. If you set too large an update interval, some details may be lost.



Data processing and analysis: The accuracy of the graph also depends on the algorithms
used for data processing and analysis on ThingSpeak. If they do not correctly analyze and
display the data, this can lead to inaccuracies in the graph.

Stability of power supply and devices: Unstable power supply or issues with device power
can lead to improper functioning of sensors and data collection devices, which in turn affects
the accuracy of the graph.

If these factors are taken into account, the ECG will be more accurate (Fig 7).

Field 1 Chart & O
ECG
T 2
£
=y
=)
©
=
K=
W
&)
v
[¥¥)
08:00 08:15 08:30 08:45 09:0C
Date

Figure 7: Result of running the program on the ThingSpeak platform with more accurate
data.

6. Conclusions

In this work traditional ECG monitoring methods have been supplemented by remote
monitoring systems, which offer real-time data collection and analysis, enhancing patient care
and diagnostic capabilities.

The principles of remote monitoring systems using IoT encompass various components
and processes, including data collection, transmission, analysis, and result visualization. These
systems typically involve portable ECG devices that collect data and transmit it wirelessly to
servers or specialized medical applications. The architecture of such systems typically
includes portable ECG devices, wireless communication modules, cloud servers or IoT
platforms, and mobile applications or web interfaces for data visualization and analysis.

The development and implementation of remote ECG monitoring systems using IoT
require careful consideration of hardware components, such as Arduino Nano and AD8232
sensor, as well as software development in platforms like Arduino IDE. Proper electrode
placement and sensor calibration are crucial for accurate data acquisition. Moreover,
integrating with platforms like ThingSpeak allows for remote data storage, analysis, and
visualization, enhancing accessibility and usability.

Building an ECG graph using the ThingSpeak platform demonstrates the capability to
visualize ECG data remotely, providing healthcare professionals and patients with valuable
insights into cardiac health. By leveraging IoT technology and cloud-based platforms, ECG



monitoring systems can offer enhanced accessibility, efficiency, and diagnostic accuracy,
ultimately improving patient outcomes and expanding access to medical services.
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