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Abstract 

Article Info In life, the heart is always in good condition because it works to cope with the 

blood it carries throughout the body. Impaired heart function can be fatal to 

human health, even heart problems can cause death. In previous studies, to 

detect abnormalities or changes in the work of the heart, it is necessary to 

first know the pattern of the same heart rate. It is important to detect 

cardiovascular disease as early as possible for counseling and drug 

management. One of the preventions is to perform early detection of Electro 

Cardiography (EKG) wave analysis. This research applies machine learning 

can help make this diagnostic process more efficient. In this study, machine 

learning can accurately classify abnormal ECG up to a maximum of 97, 
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1. INTRODUCTION 

 The World Health Organization (WHO) 1948 defined health as “a state of physical, mental and 

social well-being and not merely disease or infirmity. The heart is the main organ of the cardiovascular 

system (heart rhythm disorders) and one of the vital organs of the human body. In life, the heart is always 

in good condition because it works to cope with the blood it carries throughout the body. Impaired heart 

function can be fatal to human health, even heart problems can cause death. In previous studies, to detect 

abnormalities or changes in the work of the heart, it is necessary to first know the pattern of the same 

heart rate. [1]. 

  Cardiovascular disease remains a major threat worldwide. Data from the Global Burden of 

Cardiovascular Disease show that there were 271 million cases of cardiovascular disease in 1990 and 

almost doubled to 523 million in 2019 [2]. In the last 70 years, cases of diseases with cardiovascular 

disorders continue to occupy the highest rank. According to data from the World Health Organization, 

about 33 percent of the causes of death worldwide are cardiovascular disease. An estimated 18.6 million 

people die from cardiovascular disease, 75 percent of which are heart attacks and strokes. More than 

three-quarters of deaths from cardiovascular disease occur in developing and low- and middle-income 

countries.Cardiovascular disease can strike anyone, especially in the current situation. Increased air 

pollution and unhealthy lifestyle trends increase the likelihood of developing cardiovascular disease [4]. 

In this case, early detection is the right step to reduce risk. An electrocardiogram (ECG) is a 

biological signal that results from the electrical activity of the heart. This signal appears to trigger the 

contraction of the heart muscle which will pump blood throughout the body. The ECG signal is a 

representation of the level of a person's heart health which is described through the rhythm, shape, and 

orientation of the ECG signal. [5]. 
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  It is important to detect cardiovascular disease as early as possible for counseling and drug 

management. One of the preventions is to perform early detection of Electro Cardiography (EKG) wave 

analysis. Electrocardiograph (ECG) is a device used to capture and record changes in heart potential with 

the help of cables attached to the patient's body at certain locations. The results of the ECG examination 

are in the form of an image called an electrocardiogram [6]. 

  In accordance with a previous study entitled The Use of Artificial Neural Networks on 

Electrocardiogram Signals to Detect Supraventricular Arrhythmic Heart Disease. The ANN structure used 

for the classification of the ECG signal is a Feed Forward Network (FFN), specifically the Multi-Layer 

Perceptron (MLP) (Marius-Constantin et al. using 2 hidden layers used with the Tansig activation 

function with Levenberg-Marquardt training function which produces a precision of 84.3% [7] And 

research on ECG Signal Recognition Using Wavelet Packet Decomposition and K-Means-Clustering. The 

ECG signal in this study is decomposed to level 5 using Daubechies 2 wavelet, then the energy of each 

subband is calculated for the periodogram. As a classifier, the K-Means group is used which uses the 

cityblock method to calculate the distance between data. From the 3 data classes tested, normal sinus rate 

(NSR), congestive heart failure (CHF) and atrial fibrillation (FA) obtained a precision of 94.4%. [8]. So 

that more accurate accuracy is needed in detecting ECG waves in classifying cardiovascular disease with 

other methods. The author is interested in conducting a cardiovascular classification study with the title 

"Classification of Electrocardiogram (ECG) Waves of Heart Disease Using the XGBoost Method". So 

that more accurate accuracy is needed in detecting ECG waves in classifying cardiovascular disease with 

other methods. The author is interested in conducting a cardiovascular classification study with the title 

"Classification of Electrocardiogram (ECG) Waves of Heart Disease Using the XGBoost Method". So 

that more accurate accuracy is needed in detecting ECG waves in classifying cardiovascular disease with 

other methods. The author is interested in conducting a cardiovascular classification study with the title 

"Classification of Electrocardiogram (ECG) Waves of Heart Disease Using the XGBoost Method". 

 

2.METHOD 

2.1 Types of Research 

It is important to detect it as early as possible so that treatment advice can be offered 

immediately. One of the prevention is through early detection of electrocardiographic wave (ECG). A 

diagnostic tool in the form of an electrocardiogram (ECG) can record the human heart rate. Then, the 

doctor analyzes the results of the heart rate to determine the patient's heart condition and problems. Heart 

rate is shown in the form of a sinusoidal curve. The ECG curve consists of P, Q, R, S, and T curves. The 

P curve represents atrial depolarization, the QRS complex curve represents ventricular depolarization, and 

the T curve represents ventricular repolarization. A normal sinusoidal rhythm has the following 

characteristics: [9]: 

1. Regular rhythm 

2. Heart rate ranges from 60-100 x/min 

3. The P curve is normal (width < 0.12 s, height < 0.3 mv, positive in lead II and negative in 

lead aVR) and is followed by a QRS and T complex curve 

4. Normal QRS curve (between 0.06 to less than 0.12 seconds) 

5. Normal PR curve interval (0.12 - 0.20 sec) 

One solution to overcome this is to use machine learning technology so that the initial diagnostic 

process can be carried out more quickly and easily. One method that can be done is to apply a machine 

learning algorithm to identify abnormal ECG waves. In this study, using Xgboost, the best results of this 

method will be sought to minimize early diagnostic errors. 

  XGBoost is a gradient-enhanced algorithm that is enhanced in line with decision trees and can 

build driven trees efficiently and run in parallel [10]. XGBoost is a machine learning technique for 
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solving regression and classification problems based on a gradient augmenter decision tree (GBDT). In 

the regression tree, the inner node represents the attribute test value and the leaf node with the score 

represents the decision.[11].  

2.2 Steps of Research Work 

It takes a flow or flowchart so that the research runs well, is completed on time, and does not go 

out of bounds. The research flow flow chart can be seen in figure 1:  

Start

Studi Literatur

Penentuan Kurva 

EKG

Train And Test

Data Acquisition :

Source EKG Kaggle

Normalisasi Data Dari 

Kaggle

Hasil Akurasi

Xgboost

Ya

Selesai

Tidak

 
Figure 1. Flowchart 

 

1. Study of literature 

The library study method is an activity related to library data collection, reading and taking notes, 

and material management. This technique is carried out to reveal various theories based on the problems 

studied as reference material in the discussion of research results [12]. 

2. Data Acquisition 

Data acquisition, abbreviated as DAS or DAQ, is a tool or process used to gather information to 

analyze physical or electrical phenomena, such as voltage, current, temperature, pressure, or sound. [13]. 

The process of retrieving datasets from Kaggle. This dataset is used in exploring heart rate classification. 

The signal corresponds to an electrocardiogram (ECG) heartbeat to detect abnormalities in the heart. 
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3. Kaggle Data Normalization 

Data normalization is the process of making variables that have the same range of values, nothing 

is too large or too small to facilitate analysis. At this stage, data that is not needed in the study is removed. 

4. ECG Curve Determination 

The ECG curve consists of P, Q, R, S and T curves. The P curve represents atrial depolarization, 

the QRS complex curve represents ventricular depolarization, and the T curve represents ventricular 

repolarization. 

5. Train and Test 

The process of training and testing on the Extreme Gradient Boosting (XGBoost) method to get 

accurate results in detecting heart abnormalities. In this study, to conduct training and testing using the 

Python Google Colab programming. 

6. Result Accuracy 

The final result is machine learning data processing accuracy using the Xgboost method to 

classify heart rate electrocardiogram waves. 

 

3.RESULTS AND DISCUSSION 

3.1 Problem Analysis 

Identification of ECG signals is carried out by experts to avoid errors in diagnosing heart disease. 

Because of this, the diagnostic process is quite time consuming. Not to mention the long queues at the 

hospital because many people panic so that if they experience a little complaint they immediately flock to 

the hospital. 

3.2 Data Analysis 

Early detection of cardiovascular disease can be done by analyzing ECG waves, in this case 

Machine learning can help make early detection easier and faster. To do this Machine learning requires a 

dataset to train the network. The dataset used in this study was sourced from [14]. 

The dataset is in the form of numerical ECG signal data taken from 87554 subjects consisting of 72471 

normal, 2223 supraventricular ectopic disorders, 5788 ventricular ectopic disorders, 641 fusion disorders 

and 6431 unknown disorders. 

 
Figure 2. ECG Wave Dataset 
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3.3 Xgboost Flowchart 

Start
Memasukkan 

Testing Data

Pemilihan 

Metode

Mengurutkan Hasil 

Perhitungan Jarak

Hasil Penentuan Akurasi 
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End
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Figure 3. Flowchart Xgboost 

Xgboost formula: 

[11] 

 Where∑ l(yi, y) ̂n
i=1 is the differentiable loss function to measure whether the model is suitable for 

the training data set and is the item that determines the complexity of the model. As the complexity of the 

model increases the corresponding score is reduced∑ Ω(fk)k
k  [11-16]. 

3.4 Data Processing 

 A system that can classify heart rate conditions based on the results of an electrocardiography 

(EKG) examination using the Xgboost method to assist heart examinations is expected to be one way to 

overcome the problem of detecting heart disease in Indonesia, and can help medical personnel ranging 

from nurses to doctors to classify results. ECG examination. The steps followed in data processing: 

 

 

 

1. Import Data 

The first step is to import the required libraries, initialize the headers: 

Source Code Import Library: 
import pandas as pd 
from sklearn.model_selection import train_test_split 

from sklearn.preprocessing import StandardScaler 

import numpy as np 

import matplotlib.pyplot as plt 
from xgboost.sklearn import XGBClassifier 

df = pd.read_csv("drive/MyDrive/Dataset/ECG/EKG.csv", header=None)names = 
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df.columns = names 

print(df.head(2)) 

print(df.info()) 

print(df.describe()) 

 
Figure 4. Header Initialization Dataset 

2. AssessmentData 

The second step is data assessment. At this stage, we check whether the dataset that we use has 

empty values, filled with 0 or with the mean value of the data. As well as checking whether it contains 

outlier data, if any, it can be removed. Because the dataset that we use is numerical data of the ECG 

signal, which is numeric, null data and outliers are not found. 

 

Source Code for Assessing Data: 

df.isnull().sum() 
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Figure 5. Empty Dataset 

3. Convert Class 

The third step, convert the class to numeric. Normal = 0, supraventricular = 1, ventricular = 2, 

fusion = 3 and unknown = 4. Next, create x_values as input data and y_values as target data. 

Source Code Convert Class 

def label_encode(df): 

df_labelled = df.copy() 

# Dictionary to input the different numbers for different classes 

label_encode = {"class": {"normal":0, "supraventricular ectopic":1, "ventricular ectopic":2, 

"fusion":3, "unknown":4}} 

 

# Use .replace to change the different classes into numbers 

df_labelled.replace(label_encode,inplace=True) 

return df_labelled 

 

4. Machine Learning Input 

The fourth step, the process of entering data into machine learning to get the results of 

abnormalities in the heart through the classification of the electrocardiogram wave dataset using 

the XGBoost method. 

Source Code Machine Learning 

a. Normal Predict  

Source Code Normal Predict: 
normalpredict = pd.read_csv("drive/MyDrive/Dataset/ECG/predict normal2.csv") 

Xgboost = XGBClassifier() 

x = df 
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y = df['class'] 

Xgboost = Xgboost.fit(x,y) 

test = normalpredict 

predictXGB = Xgboost.predict(test) 
print(predictXGB) 

 

 

 
 

b. Supraventricular EctopicPredict 

Source CodeSupraventricularEctopicPredictions: 
SEpredict = pd.read_csv("drive/MyDrive/Dataset/ECG/predict supraventricular ectopic2.csv") 

Xgboost = XGBClassifier() 

x2 = df 

 
y2 = df['class'] 
Xgboost = Xgboost.fit(x2,y2) 

test = SEpredict 

predictXGBSE = Xgboost.predict(test) 

print(predictXGBSE) 
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c. Ventricular EctopicPredict 
Source Code Ventricular Ectopic Predict : 
VEpredict = pd.read_csv("drive/MyDrive/Dataset/ECG/predict ventricular ectopic2.csv") 

Xgboost = XGBClassifier() 

x3 = df 

 
y3 = df['class'] 

Xgboost = Xgboost.fit(x3,y3) 
test = VEpredict 

predictXGBVE = Xgboost.predict(test) 

print(predictXGBVE) 

 

 
 

d. FusionPredict 
Source Code Ventricular Ectopic Predict: 
fusionpredict = pd.read_csv("drive/MyDrive/Dataset/ECG/predict fusion2.csv") 
Xgboost = XGBClassifier() 

# Extract out the x values and y values. x will be sepal_length and y will be classes 

x4 = df 

 
y4 = df['class'] 
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Xgboost = Xgboost.fit(x4,y4) 

test = fusionpredict 
predictXGBF = Xgboost.predict(test) 

print(predictXGBF) 

 

 

5.Training and Test 
The fifth step is to build a network and conduct training and testing. In this experiment, we use 

the Xgbost algorithm. We each apply a split data train and test with a ratio of 70% and 30%. We do this 

until we get the best accuracy from the algorithm. 

5.1 Data Split 
The function of training is to train the model to recognize patterns in the data, while testing is to 

ensure that the trained model is able to predict tags from new observations that have not been studied by 

previous models.[15]. 

Split Data source code: 
x_train, x_test, y_train, 
y_testXgBoost = train_test_split(x_values,y_values,test_size=0.3,random_state=10) 

scaler = StandardScaler() 

x_train_scale = scaler.fit_transform(x_train) 

x_test_scale = scaler.transform(x_test) 
 

5.2. Conversion Matrix Xgboost 

Split Data source code: 

 
print(accuracy) 

 
Figure 6. Predict Accuracy 
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In the matrix conversion with the Xgboost algorithm, 97.20% of the data accuracy in detecting 

heart disease can be obtained. 

3.5 Results 

To record the activity of the heartbeat, a diagnostic tool in the form of an Electrocardiogram 

(ECG) can be used, the results of the heart record are then analyzed by the doctor to determine 

the conditions and problems with the patient's heart. The rhythm of the heart rate is shown in the 

form of a sine curve. 
3.5.1 Normal 

In general, the ECG curve consists of P, Q, R, S and T curves. The P curve represents atrial 

depolarization, the QRS complex curve describes ventricular depolarization, and the T curve 

describes ventricular repolarization. Seen in figure 7. 
The normal sine wave rhythm has the following characteristics: 

1. Regular rhythm 

2. Heart rate ranges from 60-100 beats/minute 

3. The P curve was normal (width < 0.12 sec, height < 0.3 mv, positive in lead II and negative in 

lead aVR) and the QRS and T complex curves followed. 

4. Normal QRS curve (between 0.06 to less than 0.12 seconds) 

5. The PR curve interval is normal (0.12 - 0.20 sec). 

 
Figure 7.Normal 

3.5.2 Supraventricular ectopic  

Supraventricular ectopicis a condition in which the heart beats very fast, much more than the normal 

heart rate. If the normal heart beats 60-100 times per minute, the heart of a patient with supraventricular 

ectopic beats 140-250 times per minute. Seen in figure 8. 

 
Figure 8.Supraventricular 
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3.5.3 Ventricular ectopic 

Ventricular ectopicis a disorder of the heart's pumping work in the ventricles or ventricles, in which 

the chambers beat too fast and cause less blood to be pumped by the heart. Seen in figure 9. 

 
 Figure 9.Ectopic Ventricular ECG Waveform 

3.5.4 Fusion beat 

Fusion beatis a condition in which impulses from the sinus node are delivered to the ventricles 

through the atrioventricular node and are combined with impulses from the ventricles. This is dangerous 

in acute ischemic situations. Seen in figure 10. 

 
Figure 10.Fusion Beat EKG wave 
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3.6 Accuracy Results 

 
Figure 10.Processing Results 

From the data processing carried out in classifying electrocardiogram waves with normal data sharing 

72471 or 82.77%, 2223 supraventricular ectopic abnormalities or 2.54%, 5788 ventricular ectopic 

abnormalities or 6.61%, 641 fusion disorders or 0.73%, and 6431 data or 7.35% unknown abnormality. 

As many as these results are known, Xgboost gives the best results with an accuracy of 97.20% or is able 

to correctly classify 25577 data from 26267 data. 

 

4.  CONCLUSIONS 

 Currently, cardiovascular disease can affect anyone and can also be caused by: an unhealthy 

lifestyle. So cardiovascular disease really needs to be done early prevention is important Early treatment 

can be done to prevent the worst effects of this disease. This research applies machine learning can help 

make this diagnostic process more efficient. In this study, machine learning was able to accurately 

classify abnormal ECGs up to a maximum of 97.20 percent using the Xgboost algorithm. 
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