(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 1, August 2024

Portable ECG Monitoring System

Ashwith D', Avinash?, Dakshat’, Prassanakumar®, Bhakthi Shetty5
UG Students, Department of Electronics and Communication Engineering'™*
Assistant Professor, Department of Electronics and Communication Engineering’
Mangalore Institute of Technology & Engineering, Mangalore, India

Abstract: The increasing demand for readily available, ongoing cardiac health monitoring outside of
clinical settings led to the creation of the portable electrocardiogram (ECG) monitoring equipment. An
extensive description of the planning, execution, and assessment of a portable ECG monitoring system is
provided in this paper. The system combines wireless connectivity and cutting-edge biosensing technologies
to enable real-time data collection and transmission to healthcare providers via mobile devices. Robust
data security methods, a user-friendly interface, and minimal power consumption are important qualities.
After testing on a wide range of users, our prototype proved to be highly accurate in identifying common
cardiac abnormalities such arrhythmias. According to the findings, portable ECG monitoring devices can
greatly improve early diagnosis, prompt intervention, and remote patient care. This could lower healthcare
expenditures and improve patient outcomes. Future developments will concentrate on improving algorithm
precision, using Al for predictive analytics, and extending the system's functionality to monitor other vital
signs. The treatment of cardiovascular illnesses has significantly improved as a result of the development of
portable health monitoring devices. The creation and testing of a portable Electrocardiogram (ECG)
monitoring system intended to offer in-the-moment assessments of cardiac health outside of conventional
clinical settings is presented in this work. The suggested system combines a wireless communication module
and a small ECG sensor to allow for continuous, remote monitoring of cardiac activity. With features like
automated arrhythmia detection and data storage, the system's design prioritizes accuracy, user comfort,
and ease of use. A thorough testing process is used to evaluate performance indicators such as signal
quality, battery life, and data transmission dependability in both controlled and real-world conditions. The
portable ECG device provides low transmission latency and high sensitivity and specificity in identifying
common cardiac problems, according to the results. The system's mobile connectivity and user-friendly
interface make it easy to integrate into daily life and give users fast feedback and heart health alarms. This
technology might potentially lessen the strain on healthcare systems and improve patient outcomes by
increasing early identification and individualized management of cardiac problems. Subsequent efforts will
concentrate on optimizing the algorithms of the system and extending its capabilities to accommodate a
wider array of cardiovascular data.
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L. INTRODUCTION

Since cardiovascular diseases (CVDs) are the world's leading cause of mortality, creative approaches to early detection
and ongoing monitoring are required. Patients must attend medical institutions for traditional ECG monitoring, which
can be expensive and cumbersome. A viable substitute is the development of portable ECG monitoring devices, which
allow for real-time evaluation of cardiac health in a variety of contexts. This study examines the creation and possible
advantages of a portable electrocardiogram (ECG) monitoring device that makes use of wireless and contemporary
microelectronics to deliver precise, ongoing cardiac monitoring.

The essential component of the suggested portable ECG monitoring system is the Atmega328p microcontroller, which
is renowned for its dependability and efficiency when managing intricate biosensing assignments. The AD8232 ECG
sensor, which is made expressly to capture, amplify, and filter tiny biopotential signals in noisy environments—Iike
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module guarantees the detection of even the most subtle cardiac irregularities, hence augmenting the system's overall
diagnostic capacity.

The system has an OLED display to enable user interaction and data presentation. This small but highly contrasted
screen shows ECG waveforms and important data while providing real-time feedback on heart activity. Obviously. The
OLED display is perfect for continuous monitoring over lengthy periods of time because of its low power consumption,
which is in line with the system's design goal of extended battery life. For patients who need ongoing monitoring, such
those with chronic heart issues, this feature is essential. A USBasp programmer simplifies the process of programming
and upgrading the microcontroller. This utility ensures that the system may be readily maintained and upgraded by
enabling simple firmware uploads and modifications. The USBasp programmer speeds up the development cycle by
enabling quick prototyping and testing in a variety of development environments. In order to integrate the most recent
developments in ECG monitoring technology and guarantee that the system stays at the forefront of cardiac health
monitoring, this flexibility is crucial.

The integration of wireless communication capabilities enables the portable ECG monitoring system to transmit data to
healthcare providers in real-time. This feature allows for immediate analysis and response, improving patient outcomes
by facilitating timely medical interventions. Furthermore, the system's design prioritizes data security, employing
encryption protocols to protect sensitive patient information during transmission

II. LITERATURE SURVEY
Low-cost electrocardiogram monitoring system for elderly people using labview [1], Yauri, R. et al. In this paper, a the
goal was to create a LabVIEW monitoring system that visualizes older persons' cardiac beats while emphasizing
usability and customization for their needs in order to foster collaboration among medical providers. A development
methodology that includes pilot testing, real-world assessments, design, implementation, and iterative testing is applied.
Consequently, the ECG device's proper operation was confirmed. The board was designed using electrodes and
electronic components that were used to record cardiac signals. The data was then sent to an interface in LabVIEW.
Portable ECG Monitoring System[2],Alimbayeva, Z. et al.describes the developed technology for non-invasive cardiac
diagnostics and the second generation (prototype) portable cardiac analyzer. The STM32L151xD microcontroller and
an ADC for recording electrocardiograms (ECS) make up the majority of the portable cardiac analyzer. A block of non-
volatile high-speed memory MRAM is attached to the microcontroller on the present ECS in order to record operating
data. The SIM868 universal combo module from SIMCOM, which facilitates data exchange in GSM/GPRS networks,
serves as the foundation for a communication unit. The designed ECG monitoring system enables information sharing
required to ensure an efficient diagnosis and treatment process, as well as decision making at several levels (cardiac
analyzer, server, doctor)
A non-contact compact portable ECG Monitoring System[3], Chen, Q. et al., the authors designed a compact, non-
contact, live recording device for on-the-go, extended ECG signal observation. Three non-contact electrodes are used to
sense the bio-potential signal, an AD8233 AFE IC is used to extract the ECG signal, and a CC2650 MCU is used to
read, filter, and transmit the signals. A 2000 mAh lithium-ion battery powers the gadget, and two low-dropout
regulators (LDOs) are used on the board to isolate analog and digital power sources. The board measures 8.56 cm by
5.4 cm, or the same size as a credit card.
ECG MONITORING SYSTEM BASED ON MICROCONTROLLER [4],Hadeel,et al.explains a project which focuses
Cardiologists rely heavily on electrocardiograms (ECGs) to monitor and diagnose cardiac problems. The design and
development of an ECG machine using discrete components and an 8-bit microprocessor are shown in this work. The
AD624 instrumentation amplifier is used in the proposed system to amplify the biopotentials that are obtained from the
body using electrodes. After that, analog filters are used to analyze the amplified signal in order to remove unwanted
noise like baseline drift and power line interference. The cleaned signal is digitally processed by a microcontroller and
can either be logged for further study or shown on an LCD panel. Furthermore, to improve the capabilities of remote
monitoring, we provide a way to use a GSM module to send the ECG data to a doctor.
Design and development of a microcontroller based portable ECG monitor [5], Rahman, N. et al deals with low-cost,
portable, battery-operated little ECG monitor with an integrated graphic display has been eﬁm% the intention of
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electronics circuit with a programmable digital circuit. The MCU sends the required data to an integrated controller and
a 128 x 64 pixel LCD graphic display panel. C-language software is used for data collecting, processing, and real-time
graph plotting on the screen. A small box with an integrated battery holds the hardware. Before being used widely,
more advancements and field testing are required

Design and development of low cost microconoller based Ecg system for realtime analysis [6]Arpit ,et al. focuses on
the ElectroCardioGram (ECG), which displays graphical representations of the heart's electrical activity, is an essential
diagnostic tool for a number of cardiac disorders. This paper describes how a microcontroller and MATLAB were used
to build and implement a low-cost ECG monitor. The analog ECG signal is intended to be obtained by the system,
which will then digitize and display it on a PC for further study and storage. An embedded system-based hardware
acquisition device that is synced with MATLAB software for automatic data storing is used to achieve this. The signal
is recorded using disposable ECG electrodes, and an LCD shows the heart rate in beats per minute. A microcontroller-
based embedded system digitizes and processes the 941 kHz sampled ECG signal, transforming the data into an RS232
formatted serial bit-streams.

Low cost, portable ECG monitoring and alarming system based on Deep Learning [7], Ahsanuzzaman, S.M., Ahmed,
T. and Rahman, Md.A. this device is a driven TensorFlow, Keras library, Recurrent neural network, Long Short-Term
Memories neural network, and Recurrent neural network are used to develop an Android-based real-time ECG
surveillance system and an arrhythmia prediction model. With regard to arrhythmia prediction, the deep learning
models and algorithms contribute to an overall accuracy of 97.57%. The Raspberry Pi 3, Arduino UNO, HC-05
Bluetooth, single-lead ECG sensor AD8232, biomedical sensor pad, and battery are all being used in the system's
design. This method will facilitate remote ECG monitoring and make it simpler for physicians to keep an eye on their
patients' ECGs when they're not in the hospital. This research project has component costs of about USD 58..
Fabricating a portable ECG device using AD823X analog front-end microchips and open-source development
validation [8], Nan, C.J. et al. is based on an ]JReal-time ECG detection and wireless ECG transmission become
increasingly beneficial. We created this portable ECG monitor based on an analysis of an existing ECG monitor, using
the TMS320F2812 as the core controller, which completes the signal collection, storage, processing, waveform display,
and transmission. This allows us to achieve the goal of cardiac disease remote monitoring and will be used in the
physical and psychological disease surveillance in smart home systems.

II1. DESIGN PROCEDURE
The design procedure of the portable ECG monitoring system begins with the selection and integration of the
Atmega328p microcontroller. Known for its balance between performance and power consumption, the Atmega328p
serves as the brain of the system. The microcontroller is programmed to manage data acquisition from the AD8232
ECG sensor, process the signals, and handle data communication and display tasks. The initial step involves setting up
the development environment and writing the firmware, utilizing the USBasp programmer to load the code onto the
microcontroller. This programmer enables seamless firmware updates, allowing for iterative improvements and
debugging throughout the design process.
Next, the AD8232 ECG sensor module is integrated into the system. This sensor is specifically chosen for its capability
to amplify and filter the biopotential signals generated by cardiac activity, ensuring accurate ECG readings. The
sensor's leads are attached to the patient, capturing the electrical activity of the heart. The analog signals from the
ADS8232 are then fed into the Atmega328p microcontroller, where they are digitized and processed. Signal processing
algorithms are implemented in the microcontroller to extract relevant features from the ECG waveform, such as heart
rate and rthythm, and to detect any anomalies.
For data visualization, the design incorporates an OLED display, connected to the Atmega328p via the 12C interface.
The OLED display provides a clear, real-time representation of the ECG waveform and vital statistics, allowing users to
monitor their heart activity directly. The display's compact size and low power requirements make it an ideal choice for
a portable device. The user interface is designed to be intuitive, with the display showing essential information such as
heart rate, battery status, and connectivity indicators. The graphical representation of the ECG waveform helps users
and healthcare providers to quickly assess the heart's condition.
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Wireless communication is a critical component of the system, enabling real-time data transmission to healthcare
providers. The design integrates a Bluetooth or Wi-Fi module, interfaced with the Atmega328p, to send the processed
ECG data to a mobile device or cloud server. This allows healthcare professionals to remotely monitor the patient's
heart activity and respond promptly to any detected irregularities. The system ensures data security through encryption
protocols, safeguarding patient information during transmission. Power management is also a key consideration in the
design, with the entire system optimized for low power consumption to extend battery life and ensure continuous
monitoring over extended periods.

Application

The primary application of the portable ECG monitoring system is in remote patient monitoring, particularly for
individuals with chronic cardiovascular conditions. Patients can wear the device throughout their daily activities,
allowing for continuous cardiac monitoring without the need for frequent hospital visits. This continuous monitoring
capability is crucial for the early detection of arrhythmias, ischemic episodes, and other cardiac anomalies, enabling
timely medical interventions. By providing real-time data to healthcare providers, the system facilitates proactive
management of heart conditions, potentially reducing the incidence of severe cardiac events and improving overall
patient outcomes.

Beyond individual patient use, the portable ECG monitoring system has significant applications in telemedicine and
public health. In rural or underserved areas where access to healthcare facilities is limited, the device can serve as a
critical tool for cardiac health screening and monitoring. Health professionals can remotely analyze the data and
provide necessary guidance or emergency response. Additionally, the system can be utilized in clinical research to
collect large-scale ECG data from diverse populations, contributing to the understanding of heart diseases and the
development of new treatments. Its portability, ease of use, and reliable performance make it a valuable asset in both
clinical and home settings, enhancing the reach and efficacy of cardiac healthcare service

IV. RESULTS AND DISCUSSION

The Portable ECG Monitoring Project, utilizing the ADS8232 sensor, Arduino, and OLED screen, represents a
significant advancement in wearable health technology. The AD8232 sensor, known for its low power consumption and
high precision, is central to the project. It captures the electrical signals produced by the heart, converting them into a
format that can be processed and analyzed. This compact and efficient sensor is designed specifically for portable ECG
monitoring, making it ideal for integration into a wearable device. The Arduino microcontroller acts as the brain of the
system, interpreting the data received from the AD8232 sensor. It processes the raw ECG signals, filtering out noise
and converting the data into a readable format. The Arduino’s role is crucial as it ensures the accuracy of the readings
and manages the overall functionality of the device. Its programmability allows for customization and adjustments
based on specific needs or improvements in the project.

The OLED screen serves as the interface for displaying the ECG waveform in real-time. The high-resolution display
provides a clear and detailed visualization of the heart’s electrical activity. By presenting the ECG waveform directly
on the OLED screen, users can monitor their heart health without needing to connect to a computer or other external
devices. This immediate feedback is valuable for both users and healthcare providers, facilitating timely responses to
any irregularities. Overall, the Portable ECG Monitoring Project offers a practical solution for continuous heart
monitoring. The real-time display of the ECG waveform on the OLED screen enables users to track their heart health
proactively. This capability is especially useful for managing chronic conditions or for early detection of potential
cardiac issues. The integration of the AD8232 sensor, Arduino, and OLED screen in this project demonstrates the
potential of combining accessible technology to improve personal health management and treatment.

V. CONCLUSION
In conclusion, the Portable ECG Monitoring Project showcases a significant leap forward in the realm of personal
health technology. By integrating the AD8232 sensor, Arduino microcontroller, and OLED screen, this project delivers
a compact, efficient, and user-friendly device for monitoring heart health. The AD8232 sepsgFE=apgecision in capturing
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irregularities that could indicate underlying health issues, making early diagnosis and treatment more feasible. The role
of the Arduino microcontroller in this project cannot be overstated. It is responsible for processing the raw ECG data
received from the AD8232 sensor. By filtering and interpreting this data, the Arduino enables the transformation of
complex electrical signals into a format that is both comprehensible and actionable. Its programmability allows for
ongoing adjustments and improvements, enhancing the overall functionality of the device and adapting to different user
needs. The OLED screen is a key component in providing immediate and clear visualization of the ECG waveform.
This real-time display allows users to monitor their heart’s electrical activity directly, facilitating a more hands-on
approach to personal health management. The clarity of the OLED screen ensures that users can easily interpret their
heart’s activity, which is essential for both self-monitoring and for healthcare providers to make informed decisions.
The practical implications of this project are substantial. Continuous monitoring of heart health through a portable
device enhances the ability to detect and address potential cardiac issues before they become critical. The ease of use
and immediate feedback provided by the OLED screen can lead to better health outcomes and more proactive
management of heart conditions. This is especially valuable for individuals with chronic heart conditions or those at
risk of cardiovascular diseases.
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