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Abstract— CoV-2 virus this disease is spreading 
rapidly throughout the world. Various studies were 
carried out to control the spread of Covid-19. One 
way to detect Covid-19 is to study chest X-ray 
images of patients with Covid-19 symptoms. 
However, to detect Covid-19 through x-ray images, 
there are currently few radiology specialists 
needed. This study researched to detection of 
Covid-19 disease through chest x-ray images with a 
deep learning approach based on a convolutional 
neural network (CNN). Before training the model, 
data preprocessing is carried out, such as labelling 
and resizing. This study uses a CNN model with 
three layers of convolution and max-pooling layers 
and a fully-connected layer for the output. The 
results of the training using the CNN method 
produced a pretty good performance, with the best 
training accuracy (acc) value obtained in the 31st 
epoch with a value of 0.9593, training loss (loss) 
0.1306, validation accuracy (val_acc) 0.9604, and 
loss validation (val_loss). 0.1399. 
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Abstrak—Penyakit Coronavirus (COVID19) adalah 
penyakit menular yang disebabkan oleh virus Sars-
CoV-2, penyakit ini menular dengan cepat di seluruh 
dunia. Berbagai penelitian pun dilakukan untuk 
mengontrol penyebaran Covid-19. Salah satu cara 
untuk mendeteksi Covid-19 yaitu dengan 
mempelajari citra chest x-ray pasien dengan gejala 
Covid-19. Namun untuk mendeteksi Covid-19 
melaui citra x-ray dibutuhkan dokter spesialis 
radiologi yang saat ini jumlahnya masih sedikit. 
Dalam studi ini, penelitian dilakukan untuk 
mendeteksi penyakit Covid-19 melalui citra chest x-
ray dengan pendekatan deep learning berbasis 
convolutional neural network (CNN). sebelum 
melatih model, dilakukan preprocessing data seperti 
pelabelan dan pengubahan ukuran. Penelitian ini 
menggunakan model CNN dengan 3 lapis layer 
convolution dan maxpooling serta fully-connected 
layer untuk output. Hasil training menggunakan 

metode CNN menghasilkan performa yang cukup 
baik, dengan nilai akurasi (acc) pelatihan terbaik 
diperoleh pada epoch ke-31 dengan nilai 0,9593, 
training loss (loss) 0,1306, validasi accuracy 
(val_acc) 0,9604, dan validasi loss (val_loss). 0.1399. 
 
Kata Kunci: Klasifikasi, Covid-19, CNN, deep 
learning, chest x-ray 
 
 

INTRODUCTION 
 

At the end of 2019, a severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) was 
discovered. The virus originating from China is the 
cause of a disease known as Corona Virus Disease 
2019 or Covid-19(El-Kenawy, Ibrahim, Mirjalili, Eid, 
& Hussein, 2020). The World Health Organization 
(WHO) declared the disease a pandemic in March 
2020. The Covid-19 virus has a fast spread rate, so the 
World Health Organization (WHO) is designated it a 
global pandemic (Ayumi & Nurhaida, 2021). Covid-
19 is highly contagious and has the potential to 
develop into a fatal acute respiratory distress 
syndrome. Early detection and diagnosis are 
essential factors in controlling the spread of Covid-
19 (Silva et al., 2020). Currently, real-time-reverse-
transcriptase-polymerase-chain-reaction (RT-PCR) 
is widely used as a testing standard to confirm 
Covid-19 disease. However, RT-PCR testing is too 
time-consuming and relatively expensive (Wu et al., 
2020). 

Chest radiography (X-ray) is one of the 
essential methods to diagnose Covid-19 worldwide. 
By looking at chest X-rays, Covid-19 can only be 
diagnosed by a specialist. The number of specialists 
who can make this diagnosis is less than that of 
ordinary doctors (Narin, Kaya, & Pamuk, 2021). One 
alternative testing method that might be used is to 
utilize artificial intelligence to classify whether or 
not a person is exposed to COVID-19 based on 
specific features. One feature that could be used is 
an x-ray image of the chest(Jaiswal, Gianchandani, 
Singh, Kumar, & Kaur, 2021).  
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In artificial intelligence, there are several 
algorithms, one of which uses KNN and CNN. Using 
KNN, the accuracy rate of correct prediction results 
in recognizing tuberculosis disease through chest x-
ray images was 71.81% (Muhathir, Theofil Tri 
Saputra, & Al-Khowarizmi, 2020). Meanwhile, the 
use of CNN to predict the type of animal is 
97.56%(Dhika, Kurnianda, Irfansyah, & Ananta, 
2020). 

Neural network-based techniques are often 
used to solve problems with artificial intelligence 
approaches because of their excellent performance. 
In recent years, several studies have detected the 
disease using CNN. One of the related studies, 
"Performance of the CNN Method for Pneumonia 
Classification with Input Image Size Variations," 
was conducted by Budi Nugroho et al. The 
classification process uses the flattening, fully 
connected layer, and dense function and obtains an 
accuracy value of up to 93.59% (Nugroho & 
Puspaningrum, 2021). 

The following research entitled 
"Comparative Analysis of Chest X-ray Image 
Classification Algorithm for Covid-19 Detection" 
conducted by Mohammad Farid Naufal et al. In this 
study, a comparison of algorithms was carried out, 
namely the KNN, SVM, and CNN algorithms. The test 

results showed CNN got an accuracy value of 0.95%, 
SVM 0.93%, and KNN 0.92% (Naufal et al., 2021). 

Based on this, the authors propose research 
on the classification of Covid-19 through chest X-ray 
images using convolutional neural networks with 
different datasets to see if CNN's accuracy can be 
stable and perform well. In classifying objects, the 
CNN algorithm can process the complete 
information without losing accuracy (Dhika et al., 
2020).  

The implementation of the research will 
begin with collecting datasets, then processing the 
data that has been obtained and testing algorithmic 
models on the data that has been processed. Then 
implement the algorithm into the system. With this 
research, it is hoped that it can help health workers 
to detect the Covid-19 pandemic. 
 

MATERIALS AND METHODS 
 

The following is a stage of research to 
determine the performance of the Convolutional 
Neural Network algorithm in classifying covid-19 
patients through chest x-ray images. 
 
 

 

 
Figure 1. Stages of Research 

 
 

Below is an explanation of each stage of 
research in Figure 1 above. 

 
Data Collection  

This study's dataset uses chest X-ray 
images obtained from Kaggle (Rahman, 2022), 
named Covid-19 Radiography Database. This 
dataset is the result of a collaboration created by a 
team of researchers from Qatar University and the 
University of Dhaka with several medical personnel. 

The number of images used in this study was 
14,508, divided into three classes: the standard 
class of 10,192 images, the Covid-19 class of 3,616 
images, and the TB class of 700 images. PNG image 
format. Before conducting the training and testing 
process, researchers first label the data so that the 
data is easily identifiable—the following overview 
of the dataset processed for classifying chest x-ray 
images. 
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Preprocess Data 
 The preprocessing stage of image data is 
carried out by labelling images and resizing pixels. 
The process of labelling data serves to give names to 
the data to be recognizable. Researchers created 
three main folders: the standard folder for image 
data indicated usually, the covid folder for image 

data indicated by covid, and the tuberculosis folder 
for image data indicated by tuberculosis. Then 
during the coding process, the dataset folder is 
changed to healthy for the standard folder, Covid for 
the Covid folder, and tuberculosis for the 
tuberculosis folder, as shown in figure 2. 
 

 

 
Figure 2. Data that has been labelled 

 
 After labelling, before proceeding to the 
classification stage, the image data used is quite a 
lot, so it needs to be adjusted to the image pixels so 
that it does not take up much storage, making it 
easier to carry out the data processing process. The 
image dataset in the form of pixel image data is 
converted into 75 x 75 pixels using the source code 
as in Figure 3. 
 

 
Figure 3. Source Code resize an image 

 
 The number of X-ray datasets with three 
labels of healthy, covid-19, and tuberculosis can be 
seen in figure 4. X-ray dataset display with healthy 
polarity, covid-19, and tuberculosis is shown in 
Figure 5. 
 

 
Figure 4. Dataset Composition 

 

 
Figure 5. Data that has been labelled 

 
CNN Modelling 

This classification stage will use the 
Convolutional Neural Network algorithm model 
using the Adam optimization function. Adam 
Optimization can improve the accuracy and 
performance of neural network algorithms(Jais, 
Ismail, & Nisa, 2019). CNN is a neural network 
commonly used in data images (Allaouzi & Ben 
Ahmed, 2019). At this stage, training testing data 
will be processed, and then the accuracy level will 
be calculated 
 
Training CNN 
 Objective: Improve the accuracy of chest X-
ray picture classification using object identification 
techniques. The algorithm must first be taught with 
some training data. The purpose of training this 
algorithm is to find the characteristics of each image 
and then mark which neurons will be activated 
when the image is classified. Therefore, it is 
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necessary to create a scheme or model to conduct 
training on the algorithm so that it has been trained 
when object recognition testing is carried out. The 
algorithm used in this research, Convolutional 
Neural Network (CNN), is an architecture of deep 
learning. CNN includes many layers of 
representation. CNN structure consists of feature 
extraction, consisting of a convolutional layer 
usually followed by a pooling layer and a softmax 
classifier. The convolutional layer extracts features 
from images, while the pooling layer reduces 
dimensions and computation time. This 
architecture can achieve this form of regularization 
by itself. The extracted features are then fed into the 
upper softmax layer for classification (Marques, 
Agarwal, & de la Torre Díez, 2020). 
 

 
Figure 6. CNN Architecture 

 
The process on CNN is shown in Figure 6. 

starting from the input, in this process, data in the 
form of image imagery is entered, data taken from 
each pixel of ×wide×1 image for black and white 
imagery (grayscale) and length×width×3 for 
imagery with colour (RGB). The next stage is the 
extraction of features from the image. In this 
section, "encoding" from an image into features in 
the form of numbers representing the image. 
Feature extraction has two main parts: the 
convolutional layer and the pooling layer. In the 
Feature extraction process, the number of 
convolutional layers and pooling layers can be 
adjusted to the needs. The more the number, the 
deeper the architecture, thus increasing the 
accuracy of classification (Jogin et al., 2018). The 
classification process has several hidden layers, an 
activation function, and a loss function. The process 
in the softmax classifier converts the log alias 
number into a probability of one, and the softmax 
classifier generates a vector representing the 
probability of a list of possible results (labels). 
 
 
 

Model Testing and Evaluation  
After conducting data training on the 

Convolutional Neural Network algorithm, results 
were obtained from image classification 
capabilities, which were assessed from the 
accuracy, precision, recall, and f1-score obtained 
based on data training of chest x-ray. Accuracy is 
comparing the correctly predicted amount of data to 
the total amount. The greater the accuracy value, 
the better the performance of the algorithm. Here is 
the similarity: 

 

Accuracy =  
𝑇𝑃+𝑇𝑁

(𝑇𝑃+𝐹𝑃+𝑇𝑁+𝐹𝑁)
  .......................................... (2) 

 
   Precision compares true positive (tp) to total data 
predicted to be positive. Precision has the following 
equation: 
 

Precision =  
𝑇𝑃

𝑇𝑃+𝐹𝑁
  .......................................................... (3) 

 
 Recall, didefinisikan sebagai perbandingan true 
positive (tp) terhadap total data positif. Recall 
memiliki rumusan sebagai berikut : 
 

Recall =  
𝑇𝑃

𝑇𝑃+𝐹𝑃
  .................................................................. (4) 

 
F1-Score, which is the average value obtained from 
weighted Recall and Precision. F1-Score has the 
following formulation: 
 

F1 − Score =  
𝑇𝑃

𝑇𝑃+
1

2
 (𝐹𝑃+𝐹𝑁)

  ........................................... (5) 

 
Evaluation of the model is carried out by reviewing 
the accuracy, precision, recall, and f1-score values. 
If the value is insufficient, then an evaluation is 
carried out to improve its accuracy. It is essential to 
get the best accuracy value so that the chest x-ray 
image classification has accurate results in 
determining the classification of positive covid-19 
and negative covid-19. 
 

RESULTS AND DISCUSSION 
 
The study's outcomes employing the CNN 

algorithm to classify chest x-ray images will be 
discussed at this point. The main libraries include 
TensorFlow, Keras, pandas, NumPy, and Matplotlib. 
After the dataset is prepared, retrieving features 
from each image and resizing with a size of 75x75 is 
carried out. 
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Figure 7. Source Code Retrieval Features 

 
After taking the image feature, splitting the dataset is carried out so that it will be split into data 

train, test data, and validation data. 
 
 

 
Figure 8. Splitting Datasets 

 
The next stage is the formation of a CNN model using the Hard Library and Tensorflow as follows: 

 

 
Figure 9. Cnn Model Formation 

 
After making the model, the training process with epoch 50 is carried out. It takes 130 minutes, 
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Figure 10. Training Process 

 
In this training, the author uses a callback 

function that automatically stops when for 4x 
consecutive accuracy values are fixed. After the 

training process is complete, the model is saved into 
a cnn_covid19.h5 file 
 

 

 
Figure 11. Save Model CNN 

 
From the training, it is known that 

performance values of this training are in figure 12 
following: 

 
Figure 12. Classification report train data 

 
The following figure 13 is a classification 

report for validation data. 

 
Figure 13. Classification report validation data 

 
The following figure 14 is a classification 

report for test data. 

 
Figure 14. Classification report test data 

 
It is known in the test data that precision is 98% of 
Normal, 86% for Covid, and 99% for tuberculosis. 
Recall 0.96, 0.94, and 0.79. And F1-Score is 0.97, 
0.91, and 0.88. From the results of the training, it can 
be known confussion_matrix for train data is as 
figure 15 follows: 
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Figure 15. Confusion Matrix Train Data 

 
Figure 16 below is a confusion matrix for 

data validation. 

 
Figure 16. Confusion Matrix Data Validation 

 
Figure 17 below is a confusion matrix for 

test data. 

 
Figure 17. Confusion Matrix Test Data 

 
While accuracy is seen in the following figure 18: 
 

 
Figure 18. Model Accuracy 

 
Figure 19 is an image visualization using 

gradient-weighted class activation mapping (Grad-
CAM). Grad-CAM can visualize all connected neural 
networks. Figure 19 illustrates heat maps on chest 
x-ray imagery. 

 

 
Figure 19. Representation of infected lung areas in 

chest x-ray imagery using Grad-CAM 
 
Figure 20 shows a trial of a new chest x-ray 

image with an average target. 
 

 
Figure 20. Trial Results 

 
 

CONCLUSION 
 

Based on the results of the trials conducted, it can be 
concluded that using the CNN method to classify 
covid-19 disease through chest x-ray images on the 
python platform produces quite a reasonable 
accuracy. With the number of data sets of 14,508 
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images at the time of training, accuracy was 
obtained by 95%. The model evaluation results with 
test data also showed a relatively high number: 
precision of 98% from Normal, 86% for Covid, and 
99% for TB. Recall 0.96, 0.94, and 0.79. Moreover, 
F1-Score is 0.97, 0.91, and 0.88. Based on the 
amount of accuracy value in the CNN algorithm 
research, it is considered capable of obtaining 
accurate results in classifying chest x-ray images 
between normal lungs, tuberculosis, and people 
with Covid-19. 
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