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Abstract - Heart murmurs, caused by turbulent blood flow
or structural abnormalities, are critical indicators of
cardiovascular diseases such as valvular disorders and
congenital heart defects. Conventional auscultation methods
rely on the expertise of clinicians and are prone to subjectivity,
leading to misdiagnoses. This project leverages deep learning
algorithms to accurately classify acoustic heart murmurs from
phonocardiogram (PCG) signals. The system employs
advanced signal processing techniques to denoise and segment
PCG recordings, followed by feature extraction using wavelet
transforms and Mel-frequency cepstral coefficients (MFCCs).
A hybrid CNN-RNN architecture is developed for murmur
classification, ensuring robust handling of temporal and
spatial data patterns. The model's performance is evaluated
using metrics like accuracy, sensitivity, and specificity. A web-
based user interface facilitates real-time analysis, allowing
clinicians to upload PCG data and visualize results with
diagnostic confidence.

Key Words: Heart murmurs, phonocardiogram (PCG), deep
learning, CNN-RNN, MFCC, signal processing, cardiovascular
diseases, automated diagnosis.

1.INTRODUCTION

Heart murmurs are abnormal heart sounds caused by
turbulent blood flow, often linked to cardiovascular diseases
such as valvular disorders and congenital heart
abnormalities. Their early detection and accurate
classification are vital for timely intervention. Traditional
auscultation methods depend heavily on the clinician's
expertise, leading to variability and potential misdiagnoses.
This project aims to develop a deep learning-based
framework for characterizing heart murmurs from
phonocardiogram (PCG) signals, offering a reliable and
automated alternative to manual methods.

The proposed system preprocesses PCG data through
denoising and segmentation, extracting features such as Mel-
frequency cepstral coefficients (MFCCs) and wavelet
transforms. A hybrid Convolutional Neural Network-
Recurrent Neural Network (CNN-RNN) model is employed to
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classify murmurs with high accuracy. The framework also
includes a user-friendly interface for real-time analysis,
where clinicians can upload PCG recordings and visualize
predictions with diagnostic metrics like accuracy, sensitivity,
and specificity. By automating murmur detection and
classification, this system improves diagnostic reliability and
accessibility, especially in regions with limited access to
expert cardiologists. Furthermore, integrating this model
into portable diagnostic devices enhances its potential for
global healthcare applications, facilitating early detection
and better management of cardiovascular diseases.

1.1 Background of the Work

Automated heart sound analysis has evolved significantly,
with early methods relying on simple signal processing and
machine learning. Recent advancements in deep learning
provide unparalleled accuracy in recognizing patterns in
complex datasets. Traditional approaches struggle with noise
and variability in PCG recordings, necessitating a more
adaptive system. This project builds upon these
advancements, addressing limitations of previous methods
by integrating deep neural networks with domain-specific
preprocessing.

1.2 Motivation and Scope of the Proposed Work

The motivation for this study is rooted in the growing
need for Heart murmurs, often caused by structural
abnormalities or turbulent blood flow, serve as critical
indicators of underlying cardiovascular diseases. However,
traditional auscultation methods rely heavily on clinician
expertise, making diagnosis subjective and inconsistent. The
global shortage of skilled cardiologists and the increasing
prevalence of heart diseases emphasize the need for
automated diagnostic tools. This project is motivated by the
potential of deep learning to bridge this gap by providing
accurate, consistent, and scalable solutions for heart murmur
characterization.The proposed system seeks to process
phonocardiogram (PCG) signals, extract meaningful features,
and employ deep learning models for precise murmur
classification. By integrating advanced techniques such as
wavelet transforms, Mel-frequency cepstral coefficients
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(MFCCs), and hybrid CNN-RNN architectures, the project
ensures robustness and accuracy.

The scope includes developing a user-friendly interface
for real-time analysis, enabling clinicians to upload audio
recordings and receive immediate feedback on murmur
classifications. Beyond diagnostics, this system can be
embedded into portable devices, increasing accessibility in
remote areas. Furthermore, the framework could evolve to
analyze multi-modal data, such as ECG signals, for
comprehensive cardiac assessments. This work holds
promise for transforming cardiovascular diagnostics,
improving early detection, and advancing global healthcare
solutions..

2. METHODOLOGY

The methodology for this project involves

Data Acquisition: Collect annotated PCG datasets from
publicly available repositories and clinical trials.
Preprocessing: Apply filtering techniques to denoise PCG
signals and segment heart sounds into systole and diastole.
Feature Extraction: Extract temporal, spectral, and
statistical features using techniques like wavelet transforms
and Mel-frequency cepstral coefficients (MFCCs).

Model Development: Train deep learning models such as
Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs) on the extracted features.
Validation: Evaluate model performance using metrics such
as accuracy, sensitivity, specificity, and F1-score.

User Interface: Develop an interactive web-based
application for clinicians to input audio data and visualize
predictions.

2.1 System Architecture

The system architecture for acoustic heart murmur
characterization is designed to ensure efficient and accurate
processing of phonocardiogram (PCG) signals. It begins with
data acquisition, collecting labeled heart sound recordings
from clinical or publicly available datasets. The signals
undergo preprocessing, including denoising and
segmentation into systole and diastole phases. Features are
extracted using Mel-frequency cepstral coefficients (MFCCs)
and wavelet transforms to capture temporal and spectral
patterns. A hybrid CNN-RNN deep learning model processes
these features, leveraging convolutional layers for spatial
analysis and recurrent layers for temporal dependencies.
Finally, the user-friendly interface enables real-time murmur
analysis with diagnostic insights.

2.2 Data Acquisition

Data acquisition involves collecting labeled phonocardiogram
(PCG) recordings from clinical sources or publicly available
repositories like PhysioNet. The datasets include heart sound
recordings annotated with labels indicating normal or
pathological murmurs. This step ensures a diverse and
comprehensive dataset, critical for training and validating
deep learning models for murmur classification.
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2.4 User Interface

The user interface is designed to provide a simple and
intuitive experience for clinicians. It allows users to upload or
record heart sound data (PCG signals) directly into the
system. The interface processes the input, classifies the heart
murmur, and presents the results with clear visual feedback,
including diagnostic metrics such as accuracy and confidence
levels. This real-time analysis empowers clinicians with
immediate insights, making it a valuable tool for enhancing
decision-making and improving the overall diagnostic
process.
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Fig -1- Flowchart
3. CONCLUSIONS

The project successfully demonstrates the potential of deep

learning in classifying heart murmurs with high accuracy. It
bridges the gap between subjective auscultation and
objective diagnostic tools, aiding clinicians in early and
precise detection of cardiovascular anomalies. The system is
scalable, making it suitable for integration into portable
healthcare devices.

Suggestions for Future Work

Future work for acoustic heart murmur characterization can
focus on expanding the dataset to include diverse
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populations, ensuring the model’s generalizability across
demographics. Incorporating multi-modal data, such as
electrocardiogram (ECQ) signals alongside
phonocardiograms (PCG), could improve diagnostic
accuracy. Advanced techniques like federated learning can
enhance privacy by training models locally without data
sharing. Real-time deployment through mobile applications
or wearable devices could increase accessibility in remote
areas. Additionally, integrating explainable Al frameworks
would make predictions more transparent, aiding clinician
trust.  Continuous collaboration with  healthcare
professionals will refine the system’s usability and
adaptability for clinical applications.
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