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Abstract  

Over the decades, a typical imaging test that has been used is an X-ray. It allows doctors to see into 

the body without an incision. As a result, an X-ray can aid in diagnosing, monitoring, and treating a 

variety of medical disorders by detecting diseases beforehand. Among the diseases, pneumonia got 

major heed because of its intensity. As the lungs are the most vulnerable part of the body when it 

comes to pneumonia, doctors rely on chest X-ray to diagnose the disease. In this research, we have 

worked on the X-ray images to discern pneumonia using our proposed deep learning convolutional 

neural network (DLCNN) model and different types of transfer learning models and manifested a 

comparison of those methods in terms of their ability to detect the disease. This is one major reason 

for its severity and rapid spread. Therefore, this work is focused on implementation of chest x ray 

image analysis network (CXRIA-Net) for identification of COVID-19 and pneumonia related 21 

diseases. The CXRIA-Net utilizes the DLCNN model for training and testing. Finally, the simulations 

revealed that the proposed CXRIA-Net resulted in superior performance as compared to existing 

models. 
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1. Introduction  

COVID-19 is an infectious and contagious disease pandemic that spread over 200 countries in the past 

year. Meanwhile, COVID-19 has become a serious health threat for the entire world that causes 

respiratory problems, heart infections, and even death. This virus first reported in a human being in 

December 2019 in Wuhan, China rapidly crossed the continent borders due to intensive travelling 

among countries COVID-19 has had an adverse impact on the world economy too. Research studies 

found out that the COVID-19 virus badly affects the lungs and promptly mutates before the patient 

receives any diagnosis led medication. The situation becomes more severe when the symptoms match 

the normal flu, as in the Southeast and Central Asia cases. Experts found out that the incubation 

period of COVID-19 virus is approximately 1 week. This observation is crucial because the infected 

patient acts as a virus carrier during this period and unintentionally transmits it. Due to its rapid 

contagious nature, its spread is much faster than its detection. Machine learning methods are very 

popular in healthcare applications. There are various methods used to detect the presence of a 

COVID-19 virus in patients, such as RTPCR test, X-ray imaging, computed tomography (CT) scan, 

rapid antigen, serological test. 

Rest of the paper is organized as follows: Section 2 details about literature survey, section 3 details 

about the proposed methodology, section 4 details about the results with discussion, and section 5 

concludes article with references. 
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2. Literature Survey 

Ieracitano, Cosimo, et al. (2022) [11] proposed a fuzzy logic based deep learning (DL) approach to 

differentiate between CXR images of patients with Covid-19 pneumonia and with interstitial 

pneumonias not related to Covid-19. Khan, A. I., Shah, et al.  (2020) [12] proposed CoroNet, a Deep 

Convolutional Neural Network model to automatically detect COVID-19 infection from chest X-ray 

images. The proposed model was based on Xception architecture pre-trained on ImageNet dataset and 

trained end-to-end on a dataset prepared by collecting COVID-19 and other chest pneumonia X-ray 

images from two different publicaly available databases. Ravi, Vinayakumar, et al. (2022) [13] 

proposed a large-scale learning with stacked ensemble meta-classifier and deep learning-based feature 

fusion approach for COVID-19 classification. Next, a feature fusion approach was employed to merge 

the features of various extracted features. Finally, a stacked ensemble meta-classifier-based approach 

was used for classification. Sharifrazi, Danial, et al. (2021) [14] proposed to detect COVID-19 using 

X-ray images. A new X-ray image dataset was collected and subjected to high pass filter using a Sobel 

filter to obtain the edges of the images. Then these images were fed to CNN deep learning model 

followed by SVM classifier with ten-fold cross validation strategy. Eljamassi, Duaa F., et al.  (2020) 

[15] proposed a classification model that detect the infected condition through the chest X-ray images. 

A dataset containing chest x-ray images of normal people, people with pneumonia such as SARS, 

streptococcus and pneumococcus and other patients with COVID-19 were collected. Histogram of 

oriented gradients (HOG) was used for image features extraction.  

Hemalatha, Murugan et al. (2022) [16] proposed EfficientNet by streamlining the mobile inverted 

bottleneck convolution (MBConv) module, introducing the efficient channel attention (ECA) module 

and coordinate attention (CA) module, and transfer learning. The accuracy of GECM-EfficientNet 

reaches 94.54% and 94.23% on the self-built household waste dataset and TrashNet dataset, with 

parameters of only 1.23 M. Ahmed, M. A., et al. (2021) [17] proposed system based on the 

convolution neural network (CNN) architecture and can automatically expose discriminative features 

on chest X-ray images due to its convolution with rich filter families and weight-sharing 

characteristics. As a deep feature extractor, the CNN model SqueezeNet was used. The extracted deep 

discriminative features were fed machine Decision Tree, Random Forest, Neural Network (NN), 

Naive Bayes, Logistic Regression, and k-nearest neighbor learning algorithms. Mostafiz, Rafid, et al. 

(2022) [18] proposed an intelligent approach to detect Covid-19 from the chest X-ray image using the 

hybridization of deep convolutional neural network (CNN) and discrete wavelet transform (DWT) 

features. At first, the X-ray image was enhanced and segmented through preprocessing tasks, and then 

deep CNN and DWT features were extracted. The optimum features were extracted from these 

hybridized features through minimum redundancy and maximum relevance (mRMR) along with 

recursive feature elimination (RFE). Kumar, Rahul, et al. (2020) [19] proposed the machine learning-

based classification of the extracted deep feature using ResNet152 with COVID-19 and Pneumonia 

patients on chest X-ray images. SMOTE was used for balancing the imbalanced data points of 

COVID-19 and Normal patients. This non-invasive and early prediction of novel coronavirus 

(COVID-19) by analysing chest X-rays can further be used to predict the spread of the virus in 

asymptomatic patients. Gupta, Siddharth, et al. (2021) [20] proposed useful analysis to study a large 

amount of chest x-ray images that can critically impact on screening of Covid-19. In this work, we 

had taken the PA view of chest x-ray scans for covid-19 affected patients as well as healthy patients. 

After cleaning up the images and applying data augmentation, we had used deep learning-based CNN 

models and compared their performance. We had compared Inception V3, Xception, and ResNeXt 

models and examined their accuracy.  
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3. Proposed Methodology 

This section describes CXRIA-Net method consisting of two phases, illustrated in Fig. 1:  

(i) data engineering and  

(ii) model training and validation.  

 

Figure 1. Proposed CXRIA-Net model phases 

Dataset: We use two chest X-ray image datasets in our method, summarized. Dataset-1 [36] contains 

total of 950 X-ray images3 labeled with more than ffteen types of disease fndings such as: 

pneumocystis, streptococcus, klebsiella, legionella, SARS, lipoid, varicella, mycoplasma, infuenza, 

herpes, aspergillosis, nocardia, COVID-19, tuberculosis, and others. This image dataset contains 

anteroposterior (front to back), front postero-anterior (back to front) and lateral (side) X-ray image 

views. Front postero-anterior images give clear lung representations, therefore we selected 196 

COVID+ pre-processed chest X-ray images labelled with front view for our experiments and removed 

the rest. 

 

Figure 2. X-ray image samples of COVID-19-infected and healthy (i.e., normal) patients 



 

68 
 

Table 2 Dataset description

 

Dataset-2 contains total 5856 chest X-ray images labelled in three categories: normal, viral 

pneumonia, and bacterial pneumonia. All X-ray images have a front posteroanterior view. We 

randomly selected 196 X-ray images of normal category and labelled them as COVID− image type. 

The reason for this selection was to keep the data unbiased and balanced by keeping COVID+ and 

COVID− data size equal. We performed four image pre-processing steps to reduce the noise: (i) 

rescaling, (ii) shearing, (iii) zooming, and (iv) horizontal fip. Finally, we reduced the pre-processed 

image size to 224 × 224 × 3 and made them uniform before applying model training (Fig. 2) 

CXRIA-Net CNN architecture 

 

Figure 3. CXRIA-Net CNN architecture 

We used a layered sequential model architecture for X-ray image classification with four 

convolutional layers displayed in Fig.  3. The first convolutional layer has 32 filters, the second layer 

has 64 filters, the third layer has 64 filters, and the last layer has 128 filters. The number of filters 

corresponds to number of features the network can extract at each layer. We gradually increased the 

number of filters in the proposed network because the lower layers detect features in a very small part 

of the image and learn a hidden pattern during the network training. The receptive field of the CNN 

layer architecture increases with its depth in the network. This means that by increasing the number of 

layers, the network extracts the features from the larger part of the original picture, as the deeper 

layers in the network will detect higher level features. We fixed the default kernel size to 3 × 3 at the 

convolutional layer and applied a non-linear ReLU activation function.  
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Figure 4. Linear and ReLU activation function 

Figure 4 clearly shows that the ReLU curve is half rectified, unlike the linear activation function. This 

means that ReLU returns zero as output value for all negative input values and represented. If the 

value of y is less than 0 then value of f(y) will be zero otherwise output will be y. Similarly, we used 

three max-pooling layers and kernel window of size 2 × 2 with the increased number of filters in each 

layer to contain the more complex image patterns in training network. Table 3 summarizes the 

proposed CNN model parameters, used to classify the chest X-ray dataset. We implemented proposed 

CNN model on the selected datasets with 196 positive and 196 negative COVID-19 images. We 

trained the model and tuned it using different learning parameters and training and testing dataset 

distributions. We experimented with three CNN architectures: 1. CNN model-1 with a maximum pool 

size of 2 × 2 and one stride; 2. CNN model-2 with a maximum pool size of 2 × 2 and two strides; 3. 

CNN model-3 with a maximum pool size of 3 × 3 and three strides. 

Table 1. CNN model parameters for chest X-ray image dataset 

Layer Name No. of filters Feature size parameters 

Conv 2D 32 62 x 62 896 

Max pooling 2D 32 31 x 31 0 

Conv 2D 64 29 x 29 18496 

Max pooling 2D 64 14 x 14 0 

Flatten - 1 x 12544 0 

Dense - 1 x 128 1605760 

Dense - 1 x 21 2709 
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4. Result and Discussion 

This section gives the detailed analysis of simulation results implemented using “python 

environment”. Further, the performance of proposed method is compared with existing methods using 

same dataset. Figure 5 and Figure 6 shows the predicted outcomes using proposed method. Table 2 

compares the performance of proposed method with existing methods. Here, Proposed CXRIA-Net 

resulted in superior Accuracy, Precision, Recall, and F1-SCORE as compared to existing CNN. The 

graphical representation of table 1 is presented in figure 7. 

 

Figure 5. Disease predicted as: pneumonia viral COVID-19. 

 

Figure 6. Disease predicted as: Pneumonia. 

Table. 2. Performance comparison. 

Method NB RF SVM Proposed 

Accuracy (%) 67.37 77.48 78.37 99.5 
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Figure 7. Accuracy and loss graph. 

5. Conclusion 

We developed in this work a model to detect the COVID-19, pneumonia infection using chest X-ray 

images. For this purpose, we used a publicly available dataset of 392 positive COVID+ and negative 

COVID− X-ray patient images. We fixed each input image size to 224 × 224 × 3 and performed CNN 

training for a accurate classification. We implemented three convolutional layer-based models with a 

kernel size of 3 × 3. we still face a serious need to find out the severity level of the infection too. In 

the future, we intend to perform experiments on chest CT scan image data for COVID-19 detection 

and combine both the models to identify the severity level. Voice recognition based early COVID19 

infection detection using intelligent methods is also part of our future plans. 
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