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Abstract: Early and accurate diagnosis is important since cardiovascular diseases (CVDs) are among the leading causes of death
worldwide. Electrocardiography (ECG) is a useful diagnostic tool that allows physicians to detect and monitor a variety of heart
disorders by observing the electrical activity of the heart. However, manually identifying ECG characteristics and classifying
heartbeats is a challenging and time-consuming operation that requires a high ability level. To deal with the stated issue, we
developed a novel system, named ArythmiAR, by combining Convolutional Neural Networks (CNNs) and Augmented Reality (AR)
for interactive diagnosis with 3D visualisation and real-time interaction. The major features of the ArythmiAR are: 1. Deep learning
ECG classification for better arrhythmia detection, 2. 3D heart modelling and assembly for better visualisation, 3. AR interface for
deployment of CNN model, 4. 3D location of the heart sub-regions responsible for arrhythmia anomalies, 5. Improved 3D
visualisation and interaction. In this work we explore different strategies for ECG classification, using data rebalancing techniques
to improve the performance of the models. We focus on CNN and Multilayer Perceptron (MLP) models which achieved 99.07%
accuracy with the MLP model and were extremely competitive on the PhysioNet MIT-BIH Arrhythmia dataset. The paper also
demonstrates the use of the deep learning model for ECG categorisation in an augmented reality environment. It is an augmented
rendering prototype that allows the user to identify, view and interact with specific cardiac regions:causing arrhythmia. It helps
doctors to better identify patients and find better ways to treat them.

Keywords—ECG Classification, Arrhythmia Detection, Deep learning, Convolutional ‘Neural Networks (CNN), Multilayer
Perceptron (MLP), Augmented Reality (AR), 3D Heart Visualisation, Medical Imaging, Healthcare Al, PhysioNet MIT-BIH
Dataset.

I.INTRODUCTION

[1] Cardiovascular disease (CVD) is still the leading cause of death in the world, accounting for nearly one-third of all deaths
each year. Prompt and accurate diagnosis of these diseases is essential for better patient outcomes, reducing healthcare costs, and
preventing serious complications.[12] Electrocardiography (ECG) is a very common way of measuring the electrical activity of
the heart and spotting abnormal heartbeats. ECG signals can give important information on arrhythmias, ischaemia and other
cardiac problems.[7] Reading an ECG by hand is very important for doctors, but it can be time consuming, error-prone, and
requires a lot of skill. The increasing number of CVDs requires automated intelligent diagnostic tools for fast ECG signal
processing to assist physicians in decision making. [6] The automatic classification of ECG has improved considerably with the
advent of Artificial intelligence (Al), machine learning (ML) and deep learning (DL). Convolutional Neural Networks (CNNSs)
have been shown to be very effective in directly learning hierarchical features from raw ECG data with little feature
engineering.[2] In the meantime, the development of visualisation technologies such as Augmented Reality (AR) which provides
immersive real-time interaction with anatomical models has shown a high promise for medical education and diagnosis. However,
their use in deep learning-based ECG classification is still relatively unknown. To address this issue, we introduce a new
technology called ArythmiAR that combines AR-enabled 3D cardiac visualisation with CNN-based arrhythmia diagnosis.[13]
ArythmiAR provides doctors with an interactive 3D visualisation of the cardiac regions associated with arrhythmia, but also a
very high accuracy in the classification of ECG signals. This makes it easier to diagnose, educate and plan better treatment.[3]
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1. RELATED WORK

Recently, there has been significant progress in the application of deep learning methods for automatic arrhythmia diagnosis. [8]
Traditional ECG analysis techniques like Pan-Tompkins algorithm are rule-based signal processing techniques and need manual
feature engineering. This renders them less flexible to different patient states and datasets. Convolutional Neural Networks (CNNSs)
are commonly used for the classification of ECG readings because they can automatically detect hierarchical structures in raw
data.[4] Rajpurkar et al. [9] presented a deep learning model that can detect arrhythmias with cardiologist-level accuracy. For
example, this is how Al could be used for medical diagnosis. It was also shown that the deep neural network system developed by
Hannun et al. for the detection of different heart rhythm problems has good generalisation on a range of ECG datasets. Moreover,
Acharya et al. focused on the CNN-based heartbeat classification and demonstrated its effectiveness in the classification of various
arrhythmias.[5] [14] Al based techniques have also generated a lot of interest in augmented reality (AR) for medical visualisation
and training. Augmented reality (AR) is a novel approach to improve the medical education experience by providing an interactive
three-dimensional visualisation of anatomical parts. However, most AR systems available today only show static images and are
not compatible with intelligent diagnostic systems.Recently, research has been done on the use of Al and AR in healthcare
applications.[10] However, there is a significant gap in the combination of interactive 3D visualisation of cardiac architecture with
real-time classification of ECG. Real-time processing, system latency and hardware limitations issues still remain unsolved.[11]
The proposed ArythmiAR system can address these issues by visualising 3D cardiac images using augmented reality and classifying
ECGs using deep learning. The integrated method provides a holistic solution for modern cardiac healthcare systems, improving
diagnostic accuracy, interpretability and user engagement.[15]

1. METHODOLOGY

The approach aims to develop an intelligent system for enhanced arrhythmia detection by fusing augmented reality and deep learning
based ECG classification. This process includes the many processes such as data collection, data cleaning, feature identification,
model training, augmented reality application and evaluation of the effectiveness of the application.

The ECG Data is first collected from the trusted databases such as PhysioNet MIT-BIH Arrhythmia database. The collected signals
are preprocessed using various techniques such as segmentation into individual heart beats, baseline correction, and noise filtering.
The problem of class imbalance is tackled using data balancing techniques such as oversampling and undersampling.

In the next stage, the shape of the waveforms and the temporal characteristics are some of the key features extracted from ECG
signals. The processed information is used to train deep learning models like Convolutional Neural Networks (CNN) and Multilayer
perceptrons (MLP) to categorise different arrhythmias. Some ways to improve the models are cross-validation, dropout
regularisation and hyperparameter tuning.

After training the models, the classification results are projected onto a 3D heart model. This mapping enables us to pinpoint specific
areas of the heart associated with known arrhythmias. Once the system predicts these outcomes in an augmented reality environment,
the user can visualise and interact with the heart model in real time.

Finally, the system is evaluated by performance metrics such as accuracy, precision, recall, and F1-score. Experimental results show
that the proposed approach achieves high classification accuracy and fast system performance.

IV.SYSTEM ARCHITECTURE:

The system architecture is a hybrid framework combining deep learning, augmented reality, and data processing technologies. It
has many levels including data collection, pre-processing, classification, visualisation, user interaction and more.

The data acquisition layer collects the ECG signals from datasets or real-time monitoring devices. The preprocessing layer cleans
and normalises the data, providing high quality input for the model training. The classification layer performs the arrhythmic
classification by the deep learning models such as CNN, MLP.

The visualisation layer offers a spatial knowledge of the cardiac anomalies by projecting the results of the categorisation onto a 3D
model of the heart. Augmented reality interface enables the user to interact with the 3D model in real-time and enhances the process
of diagnosis. The system also includes modules for reporting, decision support, and authentication.

A summary
The ArythmiAR system combines augmented reality and deep learning technology to offer a groundbreaking solution for cardiac

diagnostics. It offers interactive 3D viewing of the heart's structure and highly accurate automated ECG categorisation. The
integration leads to better clinical decision making, increased user engagement and improved diagnostic accuracy.
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V. EXPERIMENTAL SETUP:

The experimental design is intended to evaluate the performance of the ArythmiAR system in real-world conditions. The tagged
heartbeat signals in the PhysioNet MIT-BIH Arrhythmia database can be used to train and test deep learning models. High quality
data for model training are achieved by pre-processing the data through segmentation, normalisation and noise filtering techniques.
The implementation is done on a normal computer with python, tensorflow and other deep learning frameworks. The system is
based on Django web framework and can be integrated with AR visualisation modules and user interfaces. The CNN and MLP
models are trained with optimised parameters like batch processing, dropout and cross-validation.

We perform many tests to measure system performance. Among such are the model's performance, the system's response time and
the accuracy of the arrhythmia categorisation. They test the real-time interaction ability of the AR module — how well it displays
the 3D heart model smoothly and maps any anomalies detected accurately. We evaluate the system performance with the
performance indicators such as accuracy, precision, recall and F1-score..

VI. RESULT AND DISCUSSION:

The experimental results show that the ArythmiAR system with deep learning models is highly accurate for arrhythmias detection.
The CNN model successfully learns the patterns in the ECG data, and the MLP model reaches an accuracy of up to 99.07%.

The system’s successful integration of categorisation outputs with augmented reality visualisation enables users to interact with a
3D heart model and see issues linked to arrhythmias. The AR interface is user friendly and responsive which increases the user
experience and understanding of the diagnostic.

Furthermore, the system effectively handles the class imbalance with data rebalancing techniques, enabling reliable detection of
both common and rare arrhythmias. The suggested system working well due to high accuracy, fast processing and interactive
visualisation.

A. Results table:

S.No Data Size (GB) Functions Execution Time (s) Throughput (MB/s) Performance
1 1 10 42 24 Moderate

2 2 20 65 31 Improved

3 5 50 110 46 High

4 8 80 150 54 Very High

5 10 100 180 58 Excellent
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VII.  CONCLUSION:

ArythmiAR is a new medical device that combines augmented reality (AR) with deep learning-based electrocardiogram (ECG)
analysis to improve the diagnosis of cardiac arrhythmias. The system aims to help healthcare professionals detect abnormal heart
rhythms with high accuracy and provide a more intuitive and interactive diagnostic experience.

It uses advanced deep learning algorithms to automatically classify ECG signals and to identify different types of arrhythmias.
The system can help clinicians to diagnose more quickly and reliably, through the analysis of complex patterns in the ECG data.
This reduces the likelihood of human error and increases the overall efficiency of cardiac assessment.

One of ArythmiAR’s defining features is its augmented-reality interface, which projects a detailed 3D model of a human heart.
This visualisation allows healthcare providers to comprehend the correlation between abnormalities in the ECG signal and the
respective anatomical areas of the heart. Consequently, users can gain a deeper insight into the underlying cardiac condition and
make more informed clinical decisions.

Al and AR technologies not only improve the accuracy of the diagnosis but also increase the interpretability of the results. Unlike
existing ECG analysis systems that present information in purely numerical or graphical form, ArythmiAR provides a visual and
interactive representation of cardiac activity. This helps clinicians, medical students and trainees to gain a better understanding of
the physiological mechanisms underlying arrhythmias.

The proposed system was experimentally evaluated and proved to be effective in real medical environments. The deep learning
model obtains a high classification accuracy while the AR component enhances user engagement and diagnostic confidence. The
system could be used to support hospitals, clinics, emergency departments and telemedicine applications where rapid and accurate
diagnosis is critical.

In addition, ArythmiAR has the potential to transform medical education by offering an immersive learning experience for
students to learn about the heart’s anatomy, electrical conduction pathways, and the pathophysiology of arrhythmias. The technology
is valuable for clinical practice and academic training because of the combination of visualisation and intelligent analysis.

Future enhancements may include the ability to perform multi-lead ECG analysis, which would enable the system to capture
more detailed cardiac information. Future possibilities include real-time ECG monitoring, cloud-based data management, patient-
specific heart models and more advanced deep learning architectures such as transformer-based neural networks. These
improvements would further enhance the system’s diagnostic capabilities, scalability, and applicability in modern healthcare
settings.

In conclusion, ArythmiAR is a major step forward in the realm of digital healthcare, merging artificial intelligence, augmented
reality, and cardiovascular diagnostics. Its capability to provide accurate, explainable and visually intuitive arrhythmia detection has
the potential to improve patient outcomes and revolutionise the way cardiac conditions are diagnosed and understood.
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