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Abstract—

This paper presents a real-time ECG-based
heartbeat monitoring application designed to
predict a patient’s health condition remotely
without the need for constant medical supervision.
The system uses an ECG sensor to acquire the
patient’s heartbeat signals, which are then
transmitted to a cloud database. A machine
learning model processes this data to predict
possible abnormalities and provides feedback
through a mobile or web interface. This
application enables users and caretakers to
monitor heart health anytime, anywhere,
improving early detection and reducing
dependency on immediate clinical consultation.
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1.Introduction

Cardiovascular diseases (CVDs) remain one of
the primary causes of mortality worldwide,
accounting for an estimated 17.9 million deaths
annually, according to the World Health
Organization. These conditions often progress
silently and are frequently diagnosed only after
serious health events such as heart attacks or
strokes. Early detection and continuous monitoring
of heart activity are therefore critical to improving
patient outcomes, enabling timely intervention, and
reducing the burden on healthcare systems.

Electrocardiography (ECG) is one of the most
widely used diagnostic tools for assessing cardiac
health. It records the electrical activity of the heart

and provides essential information on heart
rhythm, rate, and anomalies. However, traditional
ECG monitoring is typically limited to clinical
settings and does not offer the continuous
observation necessary for early detection of
irregularities in everyday life.

To address this gap, this paper proposes a smart
ECG-based heartbeat monitoring application that
combines the power of Internet of Things (loT)
and machine learning (ML) technologies. The
application is designed to continuously capture
ECG signals through wearable sensors, securely
store the data in the cloud, and perform intelligent
analysis to detect patterns indicative of potential
heart conditions. Leveraging real-time signal
processing and predictive analytics, the system can
not only identify abnormalities but also alert users
and healthcare providers promptly.

Once the ECG data is captured, it is transmitted to
a cloud-based platform, ensuring secure storage
and remote accessibility. The cloud infrastructure
also supports scalability and facilitates integration
with other digital health systems.

2.Literature Survey

Recent advancements in wearable technology, IoT,
and artificial intelligence have led to the
development of several ECG-based monitoring
systems. Numerous studies have explored the
integration of real-time ECG signal acquisition
with machine learning algorithms for the early
detection of cardiovascular abnormalities.
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Portable ECG Monitoring Systems

A study in [1] introduced a low-power,
Bluetooth-enabled ECG device that
transmitted real-time heart data to a mobile
app. While effective in continuous signal
capture, it lacked intelligent analytics such
as disease classification or anomaly
detection. faculty to interact. It also
examines how systems like WhatsApp
groups are being used in universities for
announcements and resource sharing.

Cloud-Based ECG Frameworks

In [2], researchers developed a system that
used cloud storage for remote ECG data
access and monitoring. Though scalable
and accessible, this system did not employ
machine learning techniques for predictive
diagnostics or trend analysis.

Machine Learning for ECG Classification

Research in [3] applied classical ML
algorithms like SVM and KNN to classify
ECG signals using the MIT-BIH
Arrhythmia Database. While the system
achieved high accuracy, it operated offline
and lacked real-time monitoring
capabilities

Deep Learning Approaches

The work in [4] explored deep learning
(CNNs) to automatically extract features
and classify arrhythmias from ECG signals.
Despite its accuracy, the approach was
computationally intensive, making it
unsuitable  for  real-time,  wearable
applications.

loT-Based Wearable ECG Devices

A system in [5] integrated ECG sensors
with  loT infrastructure to enable
continuous, remote heart monitoring.
However, the use of static threshold-based
anomaly detection limited its ability to
adapt to individual patient patterns or offer
predictive insights.

3. Proposed System:

The primary purpose of this application is to
enable continuous, real-time monitoring of heart
activity using ECG sensors, while leveraging
Internet of Things (loT) technology and machine
learning algorithms to detect, predict, and alert
users about potential cardiac abnormalities. By
offering a smart and accessible solution.

3.1 Key Features of the System:

1. The system employs compact, wearable
ECG sensors capable of continuously
capturing the heart's electrical activity.
These sensors are designed to record high-
fidelity ECG signals, ensuring accurate
waveform detection (P, QRS, T). The data
acquisition unit is embedded with analogy
front-end circuitry and an ADC (Analog-
to-Digital Converter) to preprocess and
digitize the ECG signals  before
transmission.

2. To facilitate seamless communication, the
system integrates IoT technologies such as
Wi-Fi or Bluetooth Low Energy (BLE).
The microcontroller unit (MCU) processes
the digitized ECG signals and transmits
them to a smartphone or directly to the
cloud. This architecture supports real-time
monitoring and minimizes data latency,
which is crucial for time-sensitive cardiac
events.

3. All ECG data is uploaded to a secure cloud
server that enables long-term storage,
retrieval, and sharing. The cloud layer
ensures data persistence and supports data
encryption to protect patient privacy.
Healthcare professionals can remotely
access this data via a dashboard to monitor
patient trends over time and make
informed decisions.

4. The hardware design prioritizes energy
efficiency by using low-power
microcontrollers (e.g., ESP32, STM32)
and sleep modes when idle. The wearable
device is lightweight, discreet, and
comfortable  for  continuous  usage,
supporting battery life of several days
depending on sampling rate and
transmission frequency.

IJCRT2505287

International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c542


http://www.ijcrt.org/

www.ijcrt.org

© 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

Below is the architecture for our proposed
system.
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Figure 1. System architecture

3.2 Ul Flow:
The Ul flow will be as follows.
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Figure 2.Ul Flow of system
4.Algorithm Used :
1 Support Vector Machine (SVM)

Purpose: Classify ECG signals into normal or
abnormal categories.

How it works: SVM finds the optimal hyperplane
that separates the ECG data into different classes
(e.9., normal rhythm vs arrhythmia) with
maximum margin. It's effective for binary
classification problems and works well with high-
dimensional ECG feature vectors (e.g., RR
intervals, heart rate variability).

2. Random Forest

Purpose: Classify types of arrhythmias and detect
anomalies.

How it works: Random Forest is an ensemble
learning method that builds multiple decision trees
and outputs the class that is the mode of the trees’
predictions. It’s robust to overfitting and handles
noisy ECG data well by combining multiple
decision paths.
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Fig.3 machine learning algorithms within an ECG
monitoring system

ECG Sensor

3. K-Nearest Neighbors (KNN)

Purpose: Classify ECG wave patterns based on
similarity.

How it works: KNN compares a new ECG input
to its ‘K’ most similar examples from the training
dataset (based on distance metrics like Euclidean
distance) and assigns the most common class
among them. It’s simple and effective for small-
scale datasets.

4. Artificial Neural Network (ANN)
Purpose: Learn non-linear patterns
signals.

in ECG

How it works: ANN mimics the brain’s neural
networks with input, hidden, and output layers. It
processes ECG features (like PQRST durations,
amplitudes) and learns to map them to health
conditions through weight adjustments during
training.

5. Naive Bayes Classifier

Purpose: Quick and simple classification of
ECG states.

How it works: This probabilistic algorithm
applies Bayes' theorem and assumes feature
independence. While not as accurate as deep
learning models, it performs well when
computational resources are limited and is good for
initial filtering of normal vs abnormal readings.
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Fig.4 ECG Monitoring System
Future Scope
Integration with Advanced Al Models:

As more ECG data becomes available, the
system can adopt deep learning models like
Transformer-based architectures, which are
superior in analysing long sequential data.
These models can improve the detection of
complex heart conditions such as
ventricular fibrillation and myocardial
infarction with higher accuracy and speed.

2. Cloud-Based Health Ecosystems:

The system can be integrated into a
centralized cloud health ecosystem, where
data from ECG sensors is combined with
other vital signs (e.g., blood pressure,
oxygen saturation, glucose levels) from
multiple wearable devices. This holistic
monitoring platform would provide a
comprehensive view of a patient’s health,
supporting early diagnosis and
telemedicine.

3. Personalized and Adaptive Monitoring:
Using continuous learning techniques, the
system could evolve into a personalized
health assistant that adapts to the user’s
baseline cardiac behaviour. By learning
personal ECG signatures over time, it can
offer tailored alerts, detect subtle changes,
and  provide proactive  healthcare
suggestions based on lifestyle or
environmental factors.

4. Integration with Electronic Health Records
Future development could allow seamless
integration with hospital EHR systems,
enabling automatic updates to patient
records whenever new ECG readings are
captured. This would streamline the
workflow for clinicians, reduce human
error, and support remote clinical decision-
making.

5. Implementation of Federated Learning for
Privacy-Preserving Al:

To handle privacy concerns and regulatory
compliance (e.g., HIPAA, GDPR), the
system can incorporate federated learning
— a method where ML models are trained
locally on the device and only the model
updates are shared with the server, not the
raw data. This would enhance data security
and user trust while enabling model
improvement across distributed devices.

6. Scalability for Mass Screening and Public
Health Monitoring:

In the future, this system can be deployed
at large scale for public health screening in
rural or underdeveloped areas.
Governments and NGOs could use it in
population health programs to detect early
signs of cardiovascular diseases and reduce
healthcare burden via preventive strategies.

7. Battery  Optimization  and
Harvesting Techniques:

Energy

Future versions can adopt ultra-low-power
chips, wireless charging, or even energy
harvesting technologies (e.g., body heat or
motion-powered sensors) to extend device
lifespan, ensuring long-term, maintenance-
free operation.

8. Augmented Reality (AR) for Visual Health
Feedback
Advanced versions of the mobile app could
use AR interfaces to display 3D ECG
waveforms, heartbeat animations, or real-
time risk indicators in an engaging and
intuitive way, especially beneficial for
medical training or user education.

9. Regulatory  Approval and  Medical
Certification:
Future enhancements can focus on

obtaining clinical validation and regulatory
approvals, allowing the system to be used
in hospitals.

6. Conclusion:

This paper presents a comprehensive, real-time
heartbeat monitoring system that leverages ECG
sensors, 10T infrastructure, and machine learning

algorithms to detect and predict cardiac
abnormalities effectively. The integration of
hardware and software components enables

continuous, remote health tracking, providing a
practical solution for early diagnosis and timely
intervention in cardiovascular diseases — one of
the leading global health concerns.

Through the use of efficient machine learning
models such as SVM, Random Forest, and CNN,
the system is capable of accurate classification of
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ECG signals and the generation of real-time alerts.
The mobile application serves as an accessible
interface for both patients and healthcare providers,
enhancing usability and enabling proactive
healthcare management.

By offering features such as real-time monitoring,
cloud storage, and intelligent predictions, the
proposed system not only improves patient
engagement but also has the potential to reduce
clinical workloads and enhance diagnostic
accuracy. With future advancements in Al, cloud
integration, and medical certification, this system
can evolve into a powerful tool for personalized
and preventive cardiac care.

In conclusion, the proposed ECG-based monitoring
application represents a significant step toward
intelligent, patient-centric healthcare, with strong
potential for scalability, integration into formal
healthcare systems, and long-term impact on
cardiac disease management.

REFERENCES:

A. Yadav, S. Verma, and P. Mishra, "loT
based real-time ECG monitoring system
using cloud computing and machine
learning,” IEEE International Conference
on Computing, Communication and
Automation (ICCCA), Greater Noida,
India, 2021.

2. R. K. Singh, A. Jaiswal, and A. Goel,
"Real-time arrhythmia detection using
machine learning on loT-based ECG
monitoring,” IEEE International
Conference on Power, Control, Signals and
Instrumentation  Engineering (ICPCSI),
Chennai, India, 2019.

3. P. K. Sharma and J. H. Park, "Blockchain
based hybrid network architecture for the
smart healthcare system,” IEEE Access,
vol. 7, pp. 88309-88326, 2019.

4. M. A. Hossen, M. A. Razzaque, and M. M.
Hassan, "ECG signal classification using
machine learning and deep learning
techniques,” IEEE Access, vol. 8, pp.
155234-155245, 2020.

5. Y. Luo, C. Wu, and J. Zhang, "A wearable
real-time ECG monitoring system based on
edge computing and deep learning," IEEE
Transactions on Industrial Informatics, vol.
17, no. 5, pp. 3591-3601, May 2021.

IJCRT2505287 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c545


http://www.ijcrt.org/

