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Abstract: Cardiovascular disease remains significant contributors to global mortality, with many cases progressing silently
because of lack of noticeable symptoms during the initial stages. To address the early diagnosis, this study presents a novel
approach employing a CNN based framework for the prediction of heart disease risk using electrocardiogram (ECG) image data.
By analysing ECG patterns, the proposed model is capable of identifying potential indicators of cardiac abnormalities even in
asymptomatic individuals.

In addition to risk assessment, the system offers tailored health recommendations, guiding patients with personalized advice on
lifestyle modifications, preventive measures, and further clinical evaluation. This functionality not only allows users to make
informed health decisions. Furthermore, the model is integrated with an Ul designed for accessibility and ease of use by both
medical professionals and patients. This integration facilitates seamless interaction with the system, ensuring timely intervention
and support in clinical settings as well as for individual health monitoring.

L. INTRODUCTION
Cardiovascular diseases (CVDs) are responsible for nearly one-third of all deaths globally. The increasing prevalence of sedentary
lifestyles, stress, and poor dietary habits, especially among the youth, has raised concern over the emergence of heart-related
disorders in individuals below 40 years of age. However, early detection in this age group remains a challenge due to asymptomatic
progression and the general unavailability of specialized screening tools.
Historically, the diagnosis of heart disease has been predominantly dependent on clinical assessments, laboratory investigations, and
the expert analysis of electrocardiograms (ECGs). The methods have proven to be effective in many healthcare settings, they often
remain out of reach in remote, rural, and economically underdeveloped regions. The lack of timely access to diagnostic tools and
specialized medical personnel in such areas frequently results in delayed diagnosis, thereby contributing to worsened health
outcomes and increased mortality rates.
With the rapid advancement of Al technologies, particularly in the field of DL, there has been a transformative shift in medical
diagnostics are approached. Among these innovations, CNNs have emerged as powerful tools capable of extracting and interpreting
complex patterns from visual data. When used for ECG imagery, CNNs are trained to recognize minute and often imperceptible
anomalies that may signal the early onset of cardiovascular issues. This capability enables the development of automated, highly
accurate systems for cardiac risk evaluation, which hold accountability in enhancing early detection and broadening diagnostic
access.
To complement diagnostic prediction, the project also integrates a machine learning-based medical advisory system. This secondary
module uses Support Vector Machines (SVMs) to provide a diagnosis and customized healthcare advice—based on three symptoms
entered by the user.
The fusion of deep learning with user-interactive machine learning systems presents an opportunity to empower individuals with
early detection capabilities and actionable health advice, ultimately promoting preventive cardiac care and improved lifestyle
choices This Al-driven system effectively addresses the existing gap in early cardiac risk detection by delivering accessible and
proactive healthcare solutions. By leveraging automated analysis and personalized recommendations, it facilitates timely medical
intervention while simultaneously promoting greater awareness of cardiovascular health. The system is particularly impactful
among younger demographics, as it encourages informed lifestyle modifications and fosters long-term preventive care habits aimed
at reducing the incidence of heart disease.
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1. BACKGROUND AND MOTIVATION
A. Rising Incidence of Heart Disease in Young Adults
Cardiovascular diseases, once considered a concern for older populations, are now increasingly affecting individuals under 40 years
of age. Sedentary lifestyles, unhealthy diets, chronic stress, and poor health awareness are contributing to this alarming shift.
However, early detection remains rare due to asymptomatic progression and the lack of routine cardiac screening in younger
demographics.

B. Limitations of Traditional Diagnostic Methods

Conventional diagnostic techniques—such as ECG interpretation, lab tests, and clinical evaluations—require specialized tools and
expert analysis. These are often unavailable in rural or resource-constrained areas, leading to late diagnosis, delayed treatment, and
poorer health outcomes.

C. Motivation for Al-Driven, Accessible Screening

The limitations of traditional diagnostic approaches and improve the accessibility of cardiac care, this project seeks to leverage
advanced Artificial Intelligence (Al) techniques—specifically CNNs and SVMs. These ML models are employed to facilitate early-
stage, automated detection of cardiovascular risk factors through the analysis of ECG images and associated data. By minimizing
the dependency on manual interpretation and specialized equipment, the system aims to bridge the diagnostic gap in underserved
communities..

1. LITERATURE SURVEY
A. CardioXNet: A Novel Lightweight Deep Learning Framework for Cardiovascular Disease Classification Using Heart Sound
Recordings.

Authors: S. B. Shuvo et al. Year: 2021

METHODOLOGY: The authors proposed CardioXNet, a lightweight CNN-based framework that predicts using heart sound
recordings (phonocardiograms). The system processes Mel-frequency cepstral coefficients (MFCCs) extracted from heart sounds
and uses convolutional layers to detect pathological patterns, aiming for efficient deployment on edge devices and mobile healthcare
platforms. LIMITATIONS : The model relies solely on heart sound data, which may miss early signs detectable in ECGs. It lacks
symptom-based advisory integration and allows for enhanced diagnostic or personalized feedback, unlike the proposed hybrid CNN
+ SVM approach in your project.

B. HDPF: Heart Disease Prediction Framework Based on Hybrid Classifiers and Genetic Algorithm

Authors: S. E. A. Ashri et al. Year:2021

METHODOLOGY: The Heart Disease Prediction Framework (HDPF) employs a hybrid classification strategy by integrating
multiple machine learning algorithms—namely Decision Trees, k-Nearest Neighbors (k-NN), and Naive Bayes. This ensemble-
based approach is designed to increase the predictive accuracy and robustness of heart disease risk assessment. LIMITATIONS:
Despite its effectiveness in processing structured clinical data, the model does not incorporate electrocardiogram (ECG) signals or
employ advanced deep learning techniques such as CNNs. This limitation significantly reduces its capability to detect subtle or
early-stage cardiac abnormalities that may be visually present in ECG imagery but not reflected in tabular data alone. Furthermore,
the absence of real-time interactivity restricts its practical use in dynamic healthcare environments, where immediate feedback and
decision support are crucial.

C. An Efficient Computational Risk Prediction Model of Heart Diseases Based on Dual-Stage Stacked Machine Learning
Approaches

Authors: M. B. Abubaker, B. Babayigit. Year:2023

METHODOLOGY: The authors employed both machine learning (SVM, Random Forest) and CNN approaches to classify
cardiovascular disease. The ECG signals were preprocessed and transformed into 2D images. Model performance was evaluated on
publicly available ECG datasets. LIMITATIONS: The study focuses on static ECG image classification and does not incorporate
live symptom input or user interactivity. It also treats ML and DL methods separately, lacking a hybrid decision-support system like
your integrated CNN + SVM approach that combines ECG analysis with symptom-based personalized recommendations.
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D. Congenital heart disease detection by pediatric electrocardiogram based deep learning integrated with human concepts
Authors: Jintai Chen et al. Year:2024

METHODOLOGY: The authors developed a model to detect congenital heart disease (CHD) in pediatric patients using ECG data.
The system integrates domain-specific human knowledge—such as waveform morphology and clinical insights—into a CNN-based
model to improve interpretability and performance. It focuses on classifying CHD subtypes using pediatric ECG features
LIMITATIONS: This model is specialized for pediatric CHD detection. It also emphasizes clinical concept integration over user
interaction or advisory components, unlike your system that combines CNN with SVM to provide both ECG-based risk detection
and symptom-driven health guidance.

E. LightX3ECG: A Lightweight and explainable Deep Learning System for 3-lead Electrocardiogram Classification
Authors: Khiem H. Le et al. Year:2022

METHODOLOGY: LightX3ECG is a lightweight, explainable deep learning model to classify cardiac conditions using 3-lead ECG
data. The system employs a CNN-based architecture optimized for efficiency and interpretability, enabling deployment on mobile
and low-resource devices. It incorporates attention mechanisms to highlight ECG segments most influential in classification
decisions. LIMITATIONS: While efficient and explainable, the model is limited to 3-lead ECGs and focuses solely on automated
classification without integrating patient-reported symptoms or offering personalized health advice. Your project expands on this by
combining CNN-based ECG analysis with an interactive SVM module for user-driven symptom diagnosis and guidance.

V. METHODOLOGY
The system architecture is made of two interlinked subsystems, each designed to collaboratively enhance the process of early-stage
heart disease detection and to deliver actionable health recommendations. The first and primary subsystem utilizes CNN’s trained
on electrocardiogram (ECG) images to classify cardiac conditions with a particular focus on individuals within the 20-40 age
demographic. By analyzing subtle waveform patterns within ECG scans, this subsystem is capable of identifying early indicators of
cardiovascular risk, even before the manifestation of clinical symptoms.

A. Data Acquisition and Preprocessing

The first stage involves acquiring ECG data from datasets such as MIT-BIH, PTB-XL, or PhysioNet, which contain labeled ECG
recordings for various cardiac conditions. The raw signals are preprocessed through noise removal, normalization, and segmentation
to extract clean, uniform ECG frames. For the advisory system, symptom datasets are also collected—usually from UCI repositories
or clinical records—where symptoms are mapped to diagnoses. This dual data setup enables both signal-based and symptom-based
predictions.

B. ECG Signal-to-Image Transformation

To leverage the power of Convolutional Neural Networks, raw ECG image is converted into two-dimensional grayscale images.
These can be achieved by plotting ECG waveforms into fixed-size segments or using techniques like Short-Time Fourier Transform
(STFT) or Continuous Wavelet Transform (CWT). This transformation enables the CNN to interpret temporal and frequency-
domain patterns visually, capturing subtle variations in ECG of early-stage cardiovascular abnormalities.

C. CNN-Based Cardiac Risk Prediction

A custom-designed Convolutional Neural Network (CNN) architecture serves as the core of the image-based classification module,
specifically trained on ECG images to categorize them into distinct cardiac health conditions such as normal rhythm, arrhythmia, or
ischemic patterns. Layout is structured with a series of layers that extract certain features from the input images, interspersed with
pooling layers to reduce dimensionality and enhance computational efficiency. These are followed by multiple fully connected
layers that consolidate the extracted features, culminating in a layer that outputs probability distributions across the predefined
diagnostic classes.

D. Symptom-Based Health Advisory via SVM

Parallel to CNN prediction, the system includes a user-interactive module where individuals input three primary symptoms. A
model, trained on clinical symptom-diagnosis pairs, processes these inputs which provide a likely diagnostic output and
personalized health advice. This module enhances
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Accessibility by offering valuable guidance even in the absence of ECG devices, making it especially useful for early-stage
concerns or in rural and under-resourced setting.
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Fig. 1. Architecture of CNN

E. Model Integration and Decision Fusion

The CNN and SVM modules are integrated into a unified decision-support system. When ECG input is available, the CNN module
outputs the predicted cardiac risk category. When only symptoms are entered, the SVM provides a primary diagnosis and guidance.
If both are available, the system can apply a weighted decision fusion strategy to combine CNN confidence scores and SVM
predictions, providing more robust, dual-informed outputs to increase diagnostic reliability and actionable advice.

F. User Interface and Deployment Architecture

The final system is deployed as a lightweight web or mobile application, allowing users to either upload ECG files or enter
symptoms through a guided interface. The backend, powered by Flask or Spring Boot, hosts the models and APIs for real-time
inference. The frontend ensures an intuitive experience with simple result visualizations, advice, and possible next steps. This
approach ensures accessibility, real-time interaction, and promotes proactive cardiac care, especially for youth and underserved
communities.

V. CONCLUSION

The system integrates CNN-based ECG analysis and SVM-driven symptom advice to enable early, accessible heart disease
detection. It supports preventive care, especially for young and underserved populations.
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