Pre prints.org

Article Not peer-reviewed version

Diagnosing Heart Diseases With One-
Dimensional Evolutionary Neural
Networks Based On Heart Sounds

. . . . * . . *
Meerim Ishenalieva , Remudin Mekuria , Gulnaz Gimaletdinova

Posted Date: 16 December 2024
doi: 10.20944/preprints202412.1252.v1

Keywords: Heart sounds; phonocardiograms; deep learning; Convolutional Neural Network (CNN); normal
and abnormal heart sounds; feature extraction; MFCC; ROC-AUC

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4064761

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2024 d0i:10.20944/preprints202412.1252.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Diagnosing Heart Diseases with
One-Dimensional Evolutionary Neural
Networks Based On Heart Sounds

Meerim M.I, Remudin R.M. and Gulnaz G.

Kyrgyzstan, Bishkek, Ala-Too International University
* Correspondence:

Abstract: This study aims to investigate the effectiveness of deep learning methods in classifying heart sounds
(phonocardiograms - PCG). Early diagnosis of heart diseases is critical for improving patients' quality of life
and reducing mortality rates. The project uses a comprehensive heart sounds database provided by
PhysioNet/CinC Challenge 2016. The data is collected from various sources, enhancing the model's
generalizability. During the feature extraction process, MFCC, Chroma, and Mel-Spectrogram features were
extracted from the sound signals. A high-pass filter was applied for noise reduction. In the modeling phase, a
1D Convolutional Neural Network (CNN) was used. The model was evaluated using accuracy, classification
report, and ROC-AUC scores. The results show that the proposed CNN model provides high accuracy in
classifying heart sounds as normal or abnormal. This study represents a significant step towards developing
an automatic system for early diagnosis of heart diseases.
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Introduction

The integration of deep learning and artificial intelligence (Al) into medical diagnostics has
transformed the healthcare landscape, enabling accurate and efficient disease detection.
Cardiovascular diseases, a leading cause of global mortality, demand early diagnosis to improve
patient outcomes and reduce healthcare costs. Traditional diagnostic techniques, including imaging
and invasive procedures, require significant expertise and are often inaccessible in resource-limited
settings. This research explores the potential of 1D Convolutional Neural Networks (CNNs) to
address these challenges by automating heart sound classification with high accuracy and cost
efficiency.. Various cardiovascular problems, such as coronary artery disease, heart valve diseases,
heart failure, and arrhythmias, are diagnosed using traditional medical imaging methods. However,
the cost and expertise of these methods limit widespread access.

Deep learning models, such as Convolutional Neural Networks (CNNs), have demonstrated
high performance across a range of domains, including morphological classification of galaxies using
SpinalNet, image-to-image transformations for Al-driven image generation, advanced air quality
prediction, and predicting hospital re-admissions in diabetes patients through machine and deep
learning approaches [1-4]. These applications highlight the versatility and effectiveness of deep
learning techniques in handling complex datasets and automating decision-making processes.

In the context of medical diagnostics, there are many studies in the literature where CNNs have
been successful in classifying abnormal and normal heart sound signals. These studies usually use
sound attributes such as MFCC or spectrograms processed in the time-frequency domain. 1D
Convolutional Neural Networks (CNN) can automate the diagnostic process of heart diseases by
extracting attributes from heart sounds, significantly improving accessibility in this area.

This study focuses on the diagnosis and management of heart diseases and aims to investigate
the potential of CNN models while highlighting advances in this field.
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Findings

In this study, the deep learning model developed to classify normal and abnormal heart sounds
was evaluated by a cross-validation method. The performance of the model was evaluated on the
basis of loss function, accuracy, sensitivity, originality, F1 score and ROC AUC values in each training
and test cycle. The findings show that the model is able to successfully detect abnormal heart sounds
and accurately classify normal heart sounds. These results indicate that deep learning techniques
may be an effective method for automatic classification of heart sounds.
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Material and Methods

This project aims to develop a classification model to classify normal and abnormal heart sounds
using 1D Convolutional Neural Networks (CNN) on the PhysioNet dataset. During the data loading
and preparation process, audio files were loaded in WAV format using the 1ibrosa library, and
noise reduction and high-pass filtering were applied. From each audio recording, MFCC, Chroma,
and Mel-Spectrogram features were extracted, normalized, and combined into a single feature vector.
Feature vectors were converted to NumPy arrays and normalized using StandardScaler.

Class imbalance in the dataset was addressed using SMOTE (Synthetic Minority Over-
sampling Technique). The CNN model consists of 1D Convolutional, MaxPooling, Dense, and
Dropout layers. To prevent overfitting during the training process, a 50% Dropout rate was applied.
The model was trained on the training data for 30 epochs, during which the model weights were
optimized to minimize the loss function.

After training, the model's performance was evaluated on the test data. The results were
assessed using the loss function, accuracy, sensitivity, specificity, F1 score, and ROC AUC values.
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Results

This research was conducted to develop a deep learning model for classifying normal and
abnormal heart sounds. During the research process, feature extraction was performed from audio
data using a 1D CNN architecture, and classification was carried out based on the obtained features.
The results show that the developed model successfully classifies normal and abnormal heart sounds.
The model achieved an accuracy rate of 93.50%, and the area under the ROC curve (AUC) was
calculated as 0.9773, indicating a high classification performance.

In the classification report, precision and sensitivity values of 98% and 88%, respectively, were
obtained for the normal class, while precision and sensitivity values of 89% and 98% were achieved
for the abnormal class. These results demonstrate that the model is highly successful in detecting
abnormal heart sounds. The obtained results are consistent with previous studies in the literature,
further enhancing the reliability of the model's success.
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