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Abstract : In the medical world, one of the biggest contributors to death in the world
is heart disease. Early detection of the risk of heart disease can increase the chances of
recovery and reduce mortality. This research applies the Support Vector Machine
(SVM) algorithm to identify the risk of heart disease using Electrocardiogram Signals.
The ECG data used was taken from a public database that contained a record of
information on the electrical activity of the heart of patients with various heart health
conditions. The Support Vector Machine algorithm is applied to classify ECG signals
into 2 main classes, namely normal conditions and at-risk conditions. Several methods
in data processing, including data normalization and feature selection are used to
improve the accuracy and success of the model. The results of the evaluation with this
method resulted in accuracy, precision, recall and also Fl-score showed that the
modeling of this algorithm produced a fairly good classification, with an accuracy of
more than 90% in the identification of heart disease risk. This study shows the potential
use of this algorithm in automatically detecting the risk of heart disease based on ECG
signals, which can be a tool in medical diagnosis. The results show that implementing
the SVM strategi with the RBF kernel appears to be a very easy execution when
compared to the direct part. An important component that affects the adequacy of an
SVM strategy is the parameters of the section and the way the information is handled.
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INTRODUCTION

As one of the organs of the human body, the heart plays an important role in the circulatory system. This
part has the obligation to bring blood with oxygen and nutrients to the human body and return blood with carbon
dioxide content to the lung organs for purification.(Tsuroyya, Ramadhani, and Ramadhani 2025)

To detect abnormalities in the heart, a device called an Electrocardiogram (ECG) is used. An
electrocardiogram is a signal emitted from the movement of the heart muscle, this signal can be translated through
the recordings produced by the ECG machine. Early detection of heart disease can minimize mortality rates in
people with heart disease(Primadevi and Mardiana 2023). Later, this signal records the rhythm pattern of the heart
rate and is used to detect defects in the heart, such as: Arrhythmias, Tachycardia, and also Atrial Fibrillation.
Because ECG signals are often compromised, sighal processing methods are required to clean, analyze, and extract
important features of the signal.(Eka Patria 2020)

Algorithmic Support Vector Machines (SVM) is a classification method for linear and non-linear data.
SVM is one of the popular machine learning techniques used for classification and regression. SVM leverages
kernel functions that systematically create support vector classifiers in the form of higher dimensions (Chowdhury
and Schoen 2020)

SVM is widely used by bioinformatics researchers to predict diseases, for example research predicts
diabetes mellitus. (Wafa et al. 2022)

With the development of today's technology, especially in the medical field, it is possible to increase
research on heart disease to provide education related to early screening of abnormalities that may identify heart
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disease. The purpose of this study is to be able to group indications of abnormalities or abnormalities found in
patients through data from ECG scans and can be classified according to existing heart diseases.

LITERATURE REVIEW

The following is an overview of the latest developments in this research through a literature review of
previous research related to the implementation of the Support Vector Machine method, including:

One study showed that SVM is able to classify heart conditions based on the pattern of electrical activity
recorded by the ECG. In this study, the ECG data used had gone through a signal cleaning process, including noise
removal techniques and data normalization, to improve the quality of input into the model. After the data was
ready, the main features representing the characteristics of the heart signal were extracted using methods such as
wavelet transform and dimensionality reduction techniques. This study shows that with optimal data processing,
SVM can achieve high accuracy in detecting normal and abnormal categories in heart conditions (Primadevi and
Mardiana 2023). Another study compared the effectiveness of SVM with other classification algorithms, such as
Naive Bayes and K-Nearest Neighbor (KNN), in analyzing patient data at risk of cardiovascular disease. This
study showed that SVM has advantages in handling non-linear data, especially with the use of the Radial Basis
Function (RBF) kernel. The data used in this study includes various health parameters, such as blood pressure,
cholesterol levels, and heart measurements, which are then processed to determine the relationship between these
factors and the risk of heart disease. With parameter optimization techniques such as adjusting the C and gamma
values in SVM, the developed model is able to provide predictions with a better level of precision than other
methods.(Maulidah et al. 2021)

In addition to being used in the classification of heart disease, the Support Vector Machine (SVM) method
is also applied in the detection of financial transaction anomalies, especially in detecting fraud in digital payment
systems. In related research, researchers used a financial transaction dataset containing various parameters such as
the number of transactions, transaction time, location, and account usage patterns. The data was then analyzed to
distinguish between normal and suspicious transactions. To improve the effectiveness of the classification, a
feature engineering technique was used that transformed the raw data into a more representative form for the SVM
model. The results showed that SVM was able to recognize anomalous patterns with high accuracy, especially
with the use of the RBF kernel which is more flexible in handling complex and unstructured transaction
patterns.(Muhammadiyah, Aceh, and Nusantara 2024)

In another study, SVM was used to analyze ECG signals with the frequency domain transformation method
to improve the quality of features extracted from heart signals. This study compares various signal transformation
techniques, such as Short-Time Fourier Transform (STFT) and Stockwell Transform, to identify heart rate patterns
associated with cardiovascular disease. The experimental results show that the use of frequency domain transform
can improve the ability of SVM to distinguish between normal and abnormal signals more accurately. In addition,
this study highlights the importance of proper feature selection, as irrelevant features can reduce the model's
performance in heart disease classification (Pratiwi, Rizal, and Magdalena 2020). SVM is also combined with an
Artificial Neural Network (ANN) to improve the accuracy of detecting heart disorders based on ECG signals. This
study shows that the hybrid approach, which combines the ability of SVM to build optimal hyperplanes with ANN
to extract non-linear features, produces better performance than a single approach. With this combination, the
model is able to handle large and complex datasets more efficiently. However, this study also notes that the hybrid
method has higher computational requirements, so optimization techniques need to be applied to maintain data
processing efficiency.(Niendy Alexandra Yosephine and Ratnadewi 2021)

METHOD

Support Vector Machine or abbreviated as SVM is used to partition information into certain levels. SVM is used
to find the best hyperplane to partition 2 classes of information with the farthest distance between classes. SVM is
used to overcome classification problems, both double (2 classes) and multiclass (more than 2 classes).(Faruk and
Nafi'iyah 2020) The purpose of SVM is to find the ideal line or boundary that can divide information, with the aim
of providing an edge or separation between the boundary and the information. In addition, SVM can also be used
in the relapse problem to anticipate the number of values in a data that has been obtained. One of the advantages
of SVM is that it is able to function well in information which has a complicated format (Rusman and Pasae 2023).
When the input space information inside cannot be directly differentiated (it is not certain to find a suitable
hyperlane), then we can use bitwork to convert that information to a larger room which is often referred to as
bitspace. SVM calculation has 4 kinds of bit functions, namely Straight Bit, Basic Spiral Function (RBF), Sigmoid,
and Polynomial Bit.(Maneno et al. 2023) There are 3 things to consider when Using the SVM, as follows:

1. Support Vectors are classes that exist when classification is performed.

2. Hyperlanes can be useful for isolating classes from others.
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3. The margin is the separation between the main class and the second class.(Manik, Ernawati, and Nurlaili
2021)

This research requires several tools and materials to support the implementation of the desired results. This
research material is taken from the Kaggle dataset titled MIT-BIH Arrhythmia Database which will later be
processed by the system to get the desired results, here is an example of a dataset in csv format. The dataset
below we took from https://www.kaggle.com/datasets/mondejar/mitbih-database

Table 1. Dataset

‘Sample # ‘MLIT’ ‘V§’
0 995 1011
1 1 995 1011
2 2 995 1011
3 3 995 1011
4 4 995 1011
5 5 995 1011
6 6 995 1011
Information:
e Sample# : Data sample number
e MLII, V5 : Amplitude values on MLII and V leads

Research on the identification of heart disease risk with the Support Vector Machine algorithm involves several
processes with data testing and data training in obtaining a result. The stages in this algorithm are illustrated in

Figure 1.
| Start I
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Fig 1. Research Flowchart

In this study, the process we created on the system consisted of the initial stage, namely entering the dataset which
is the process of retrieving data from Kaggle. Then after getting the data, it is continued to determine the sample
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to be used and then separate the sample into training data and data testing. Next, it enters the processing stage,
which is to apply the SVM method with 2 kernels, namely the Linear kernel and the RBF kernel. Some of the
metrics that will be looked for in this SVM method are accuracy, precision, recall, and F1-score. After that, we
can compare the two kernels to get the best results.

RESULT
In this research, ECG signal information was used which included first amplitude (MLII) and second amplitude
data, namely (V5). The data we have consists of 48 .csv files, but we only use 200,000 samples in the first .csv
file, This data sample will be divided into 2 elements, namely 80% will be used for data training models and 20%
for testing. The process carried out is as follows.
The researcher used the Python programming language and jupyter as applications to perform the process of this
SVM method. The first step is to import the necessary libraries. (Muadin and Asnal 2023)

import numpy as np

import pandas as pd

from sklearn import svm

from sklearn.preprocessing import StandardScaler
from sklearn.datasets import make_classification
from sklearn.model_selection import train_test_split
from sklearn.svm import SVC

from sklearn.metrics import accuracy_score

from sklearn.model_selection import cross_val_score
import matplotlib.pyplot as plt

Fig 2. Library python
Next, a data load process is carried out which uses the pandas library to read data from a CSV file with the name
"ekg.csv" and loads 650,000 of the data into the ekg variable. After that, the program displays the first 5 lines of
data using the method head() on the ecg variable. The next process is to clean the data to clean up the noise in the
dataset. Then the author displays the data visualization using hyperlane and gets the results as below.

SVM Hyperplane

Feature 2

_4_.

Feature 1
Fig 3. SVM Hypernlane

The use of the SVM algorithm is carried out on a variety of parameters to obtain the best conclusions. After

completing a series of training and testing processes, the SVM algorithm is then evaluated into several important
metrics such as accuracy, precision, recall and F1-score.
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# Model SVM dengan kernel Linear

svm_linear = SVC(kernel='linear', C=1.8, random_state=42)
svm_linear.fit(X_train, y_train)

y_pred_linear = svm_linear.predict(X_test)

# Model SVM dengan kernel RBF

svm_rbf = SVC(kernel='rbf', C=1.0, gamma='scale', random_state=42)
svm_rbf.fit(X_train, y_train)

y_pred_rbf = svm_rbf.predict(X_test)

# Menghitung metrik untuk kernel Linear

precision_linear = precision_score(y_test, y_pred_linear)
recall linear = recall score(y_test, y_pred_linear)
fl_linear = fl_score(y_test, y_pred_linear)
accuracy_linear = accuracy_score(y_test, y_pred_linear)

# Menghitung metrik untuk kernel RBF

precision_rbf = precision_score(y_test, y_pred_rbf)
recall_rbf = recall_score(y_test, y_pred_rbf)
fl_rbf = fl_score(y_test, y_pred_rbf)

accuracy_rbf = accuracy_score(y_test, y_pred_rbf)

Fig 3. Define metrics on the RBF and Linear kernels

Next, the output of the SVM method uses Base Function (RBF) Radias instead of from kernel linear to determine
the best outcome. The table below shows the results of the comparison of the Linear and RBF models.

Table 2. Results of comparison of Linear and RBF models

Kernel SVM Accuracy Precision Recall F1-score
Linear+ 92,66% 93,80% 91,47% 92,62%
RBF 97,18% 97,65% 96,74% 97,19%
100
98 97.1897-6% 9719
9%
93.8
94 9266 92.62
92 91.47
90
88
Linear RBF

B Akurasi Presisi M Recall B F1l-score

Fig 4. Graph of Accuracy, Precision, Recall and F1-score results

DISCUSSION

The results obtained from this study indicate a significant difference between the two types of Support
Vector Machine (SVM) kernels, namely Linear and Radial Basis Function (RBF), in identifying heart disease risk
based on Electrocardiogram (ECG) signals. A comparative analysis of these kernels shows that the RBF kernel
demonstrated superior classification performance in all evaluation metrics, including accuracy, precision, recall,
and F1-score. This indicates its ability to capture more complex patterns in ECG signal variations, making it more
effective in identifying potential heart disease cases. The highest accuracy was achieved by the RBF kernel at
97.18%, compared to the Linear kernel at 92.66%. Similarly, the recall and precision values for the RBF kernel
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outperformed those of the Linear kernel, confirming that this approach is more robust in detecting heart disease
risks.

The effectiveness of the SVM model is significantly influenced by data preprocessing techniques, including
normalization and feature selection. Proper handling of input data ensures a balanced model, preventing bias
toward any particular class and optimizing prediction performance. The results highlight the potential of the SVM
algorithm, particularly with the RBF kernel, as a decision-support tool in medical diagnostics. Its high
classification accuracy suggests that it can assist medical professionals in the early detection of heart disease risk
based on ECG data. However, further studies with larger datasets and additional feature extraction techniques are
recommended to enhance its reliability in real-world clinical settings.

The findings emphasize the importance of selecting an appropriate kernel function in SVM-based
classification tasks, as well as the necessity of thorough data preprocessing. These results align with prior studies,
reinforcing that machine learning techniques, when properly applied, can improve accuracy in medical diagnostics.
From the research that has been carried out, there are a few things that will be proposed for future research,
including:

1. Inthe future, for research using the SVM method, it will be easier if the amount of data used is not too large.
Datasets are effective on a scale between 1,000-100,000 samples.

2. Inthe next study, it is suggested that researchers try to use other methods to cover a larger dataset.

3. Tomake it easier to understand, it's a good idea to add more visualizations in the form of images and graphics.

CONCLUSION

The Support Vector Machine method can in fact be used to identify the risk of heart disease. The use of the
SVM method is more inclined to small datasets, because the processing of large datasets can affect the performance
of longer SVMs. The reason why researchers use the SVM method is also because they look at previous research.
The SVM method has a fairly high level of prediction accuracy compared to other methods but it is possible that
the use of the SVM method also gives significant results in prediction results.

Based on the results of this study, there are several conclusions namely first, the adequacy of the SVM
calculation, especially using the Radial Basis Function (RBF) component, has had a good impact on identifying
the risk of heart disease. Generally presented with a precision value of up to 97.18%, which shows that the
algorithm can provide accurate test results. Second, Model Execution where SVM Modeling and RBF components
show better results than direct components in accuracy, score, and F1-score. The resulting accuracy (97.65%)
shows that the modeling sometimes predicts false positive results, while high recall (96.74%) tells the modeling
can identify the risk of heart disease well.
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