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Abstract: Since the outbreak of the pandemic in 2019, 
Covid-19 has become one of the most important topics in 
the field of medicine. This disease, caused by the SARS-
CoV-2 virus, can lead to serious respiratory diseases and 
other complications. They can even lead to death. In recent 
years, the number of Covid-19 cases around the world has 
increased significantly, resulting in the need for rapid and 
effective diagnosis of the disease. Currently, the use of deep 
learning in medical diagnostics is becoming more and more 
common. It provides the high diagnostic efficacy that scien-
tists, doctors and patients care about. During the Covid-19 
diagnostic procedure, most clinicians order images from X-
ray and CT to be taken from patients. It is the analysis of 
these images that gives a full diagnosis. In this article, we 
will discuss the use of deep neural networks in the diagnosis 
of Covid-19, especially using chest images taken from X-ray 
and CT. 

Index Terms: deep learning, convolutional neural net-
works, Covid-19 diagnostics, CT scans, chest X-ray 

I. INTRODUCTION 
Since the outbreak of the pandemic in 2019, Covid-

19 has become one of the most important topics in the 
field of medicine. This disease, caused by the SARS-
CoV-2 virus, can lead to serious respiratory diseases and 
other complications that can even lead to death [1, 2]. In 
recent years, the number of Covid-19 cases worldwide 
has increased significantly, resulting in the need for 
rapid and effective diagnosis of the disease [3]. In this 
article, we will discuss the use of deep neural networks 
in the diagnosis of Covid-19, especially related to lung 
images from X-ray and CT. 

Covid-19 was first identified in December 2019 in 
Wuhan, China. This disease quickly spread beyond 
China's borders and became a pandemic. In recent years, 
the number of Covid-19 cases worldwide has increased 
significantly, exceeding 250 million infections and caus-
ing more than 5 million deaths [4]. 

Diagnosis of Covid-19 is crucial for the rapid and 
effective treatment of the disease and for preventing the 
further spread of the pandemic. Scientists have begun 
experimenting with the use of deep neural networks in 

the diagnosis of Covid-19, especially related to lung 
images from X-ray [5] and CT [6]. Deep neural networks 
are a type of artificial intelligence that can learn to rec-
ognize patterns in input data and predict outcomes based 
on those patterns. They can be used to analyze medical 
images and diagnose diseases. 

X-ray and CT lung images are commonly used in 
the diagnosis of Covid-19. Researchers used deep neural 
networks to analyze these images and develop diagnostic 
tools that allow for rapid and effective diagnosis of 
Covid-19. One of the most important applications of 
Covid-19 diagnostics from lung images from X-ray and 
CT scan is the ability to quickly detect the disease in 
patients. 

II. DEEP NEURAL NETWORKS IN DIAGNOSTICS 
Deep neural networks are a type of artificial intelli-

gence that can learn to recognize patterns in input data 
and predict outcomes based on those patterns. Owing to 
this, they can be used to analyze medical images and 
diagnose diseases. 

III.  BUILDING A DEEP NEURAL NETWORK 
ANNs (artificial neural networks) are systems cre-

ated to process information. Their structure and principle 
of operation refers to the human brain and the function-
ing of the biological nervous system, especially in the 
context of communication between neurons.  

Neural networks are a branch of machine learning, 
they have a key ability to learn from given examples, 
and they also have the ability to generalize the acquired 
knowledge [7]. A simplified neural network diagram is 
shown in Figure 1A., the individual circles represent 
artificial neurons, and the arrows indicate the direction 
of the information  

Convolutional neural network (CNN) is a special type 
of neural network. In networks of this type, at least one 
layer carries out the so-called mathematical convolution 
operation, which will be discussed in the following sections. 

In addition, these networks are based on the archi-
tecture of sharing the weights of convolutional nuclei or 
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filters, which is used to construct feature maps [9]. Due 
to these solutions, these networks are ideal for image 
analysis [10]. The diagram of a typical convolutional 
network is shown in Figure 1B. [11]. According to Fig-
ure 1C., the convolutional neural network at the input 
accepts data in the form of an image. This image is then 
processed by a sequence of layers [12]. Feature maps are 
created by convolutional layers, which repeatedly per-
form operations of the so-called discrete plexus – this 
procedure is used primarily for filtration. Next, the fil-
tered images go to the activation layer, where a nonlinear 
activation function processes every single pixel [13]. 

IV. INTEGRATED DIAGNOSTIC SYSTEMS 
REALIZED BY DEEP NEURAL NETWORKS 
Scientists are working on entire integrated systems 

for diagnosing various diseases using deep neural net-
works. There have been many works of full diagnostics 
of skin lesions from dermatoscopic images [12, 13, 14, 
15]. The vision of precise segmentation of anatomical 
structures using deep learning resulted in the develop-
ment of unique architectures based on convolutional 
neural networks [16, 17].  

Another example of the use of deep learning is the 
segmentation of the image of the left ventricle of the 
heart from cardiac magnetic resonance  imaging  [18]. In  

[19], a fully automated method of segmentation of brain 
tumors was presented. It is possible to obtain informa-
tion on the volume of the chamber and the ejection frac-
tion. The results obtained for parameters such as valida-
tion metric, percentage of good contours, bone measure 
and mean perpendicular distance proved to be signifi-
cantly better than with other known methods.  

A large number of publications also concerned the 
application of deep learning to classify image data. One 
popular example in which satisfactory results have been 
achieved is the diagnosis of skin cancer – the most 
common malignant tumor in humans [20]. 

Also, the diagnosis of Covid-19 is crucial for the 
rapid and effective treatment of the disease and for pre-
venting the further spread of the pandemic. Scientists 
have begun experimenting with the use of deep neural 
networks in the diagnosis of Covid-19, especially related 
to lung images from X-rays and CTs. 

Entire diagnostic and treatment systems based on 
machine learning and deep learning are being developed 
(Figure 2C.). [21] provides a detailed overview of exist-
ing state-of-the-art ML and DL methodologies for the 
wider community. Scientists believe that the data col-
lected can improve the diagnosis of COVID-19 and 
avoid many illnesses. 

 

 
a                                                                                                                        b 
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Fig. 1A.  - Simplified scheme of one-way neural network [8]; B. - Simplified scheme of convolutional neural network [11]; 
 C. - Diagram of a convolutional neural network using images as input [12] 
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Fig. 2.A. - Diagram of samples used in the tests, RT-PCR = reverse-transcription polymerase chain reaction; B. - Axial (top) and 
coronal (bottom) chest CT images [6]; C. - Scheme of Covid-19 diagnosis and treatment system based on machine learning (ML) 

and deep learning (DL) [21] 

V. DIAGNOSIS OF COVID-19 USING X-RAY  
AND CT IMAGES OF THE LUNGS 

X-ray and CT lung images are commonly used in 
the diagnosis of Covid-19. Researchers used deep neural 
networks to analyze these images and develop diagnostic 
tools that allow for rapid and effective diagnosis of 
Covid-19. 

 One of the most important applications of Covid-
19 diagnostics from lung images from X-ray and CT 
scan is the ability to quickly detect the disease in 
patients. Many studies have shown that deep neural 
networks are able to recognize images of the lungs from 
X-ray and CT with high accuracy, which can help in the 
rapid detection of the disease. In one of such studies 

there was a scientist who used deep neural networks to 
diagnose Covid-19 based on X-ray images of the chests. 
The study performed that deep neural networks can 
recognize Covid-19 with 90.8% accuracy, which is 
higher than other diagnostic methods such as PCR tests. 

Another application of Covid-19 diagnostics from 
lung images X-ray and CT scan is to assess the stage of 
the disease in patients. Deep neural networks can help 
determine whether the disease is in its early stages or if it 
has already progressed to a worse state. According to a 
study by researchers at the University of Toronto, deep 
neural networks were able to identify whether a patient 
had a severe form of Covid-19 based on CT images of 
the chests. 
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VI. A. SAMPLING 
The key aspect in the analysis of diagnostic sys-

tems is, of course, obtaining the right number of sam-
ples. Of course, collecting sensitive medical data is not 
an easy task [22]. Obtaining a sufficiently large set of 
imaging data or information about the result of a covid 
test requires a lot of work of medical staff. 

In [6] a significant number of samples were collected 
to carry out the necessary research. Figure 3A shows the 
breakdown of the sets of samples obtained. Figure 3B 
shows examples of three CT images of one of the patients.  

However, the researchers accepted some limita-
tions in the research. They used RT-PCR assays with 
a relatively low positive rate as the reference standard, 
chest CT sensitivity to COVID-19 may be overesti-
mated and specificity underestimated. In the popula-
tion studied by the researchers [6], negative RT-PCR 
results and positive CT features may still strongly 
suggest COVID-19. The obtained results show how 
important is the process of preparing samples accord-
ingly, on the basis of which conclusions are devel-
oped. 

 

 
a 

 
b 

Fig. 3A. - CT scans from a COVID-19 patient along  
with a simulation of recovery [23]; B. -Scheme of obtaining ROI using deep learning [24] 

VII. B. DIAGNOSTICS WITH CT SCAN 
Each of the computer diagnostic processes consists 

of three main elements. These include the process of pre-
processing medical images. Another important element 
is the emergence of region of interest (ROI) from the 

image, which is shown in Figure 3B. The last element is 
the classification itself made by classification models. 

In [24] a neural network with Inception blocks was 
built. The resulting images from ROI were used after the 
network pre-training process. They based on CT scans of 
COVID-19 patients. An overall accuracy of more than 
89% was achieved with a specificity of 0.88 and a  
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sensitivity of 0.87 successful screening for COVID-19. 
In [23], a simulation of recovery was performed using 
the RADLogics algorithm, the results are presented  
in Figure 3A. 

VIII. C.DIAGNOSTICS WITH CHEST X-RAY 
Many researchers are even undertaking to classify 

the severity of COVID-19 based on chest X-rays using 
deep learning. Support for artificial intelligence allows to 
better understand the process of automatic computer 
diagnostics. Chest X-ray (CXR) is a non-invasive 
method of monitoring the development of the disease.  

In [25], a predictive model of Covid-19 diagnostics 
was made from X-rays on the front of the chest. The 
model analyzes the expansion of the disease in the lungs 
based on the images provided. They include cases of 
Covid-19, as well as other lung diseases or healthy pa-
tients. The DenseNet model turned out to be the most 
effective. Figure 4A shows Chest X-ray (CX) of patients 

along with the diagnosis – predicted value and geo-
graphic extent score. Similar studies were done in [26].  

In [27], more than 1400 X-ray scans were used for 
the diagnostic process. A VGG-16 network model was 
pre-trained on this set to divide and categorize. Chest X-
ray scans were also used in [28], and transfer learning 
method was also used to detect COVID-19. Often, scien-
tists do not focus only on binary classification, dividing 
the data into two groups as Covid-19 patient and healthy. 
They make a multi-class classification, obtaining up to 4 
different classes as healthy, another disease, pneumonia, 
and Covid-19 patient. Confusion matrices for VGGNet 
and ResNet are shown at figure 4B. 

Deep learning has been used in many works to di-
agnose Covid-19. Deep neural networks were used in 
[28, 29, 30]. Figure 3B presents the results of the work 
[27] in the form of Confusion matrices for VGGNet and 
ResNet. These two models are characterized by high 
efficiency. 

 

 
a 
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Fig. 4A. - Chest X-ray from COVID-19 patients with simulation of the severity of recovery when using DenseNet model [25]; B. - 
Confusion matrices for VGGNet and ResNet [28] 
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IX.  CONCLUSION 
In recent years, the number of Covid-19 cases 

around the world has increased significantly, resulting in 
the need for rapid and effective diagnosis of the disease. 
Deep neural networks are increasingly used in the diag-
nosis of Covid-19 from lung X-ray and CT images, as 
they allow for a quick and effective diagnosis of the 
disease. However, to get the most out of these diagnostic 
tools, more research and testing is needed. 

Studies have shown that deep neural networks are 
able to recognize X-ray and CT images of the lungs with 
high accuracy, which can help in the rapid detection of 
the disease. Deep neural networks are also used to assess 
the stage of disease in patients. However, in order to take 
full advantage of these diagnostic tools, ethical aspects 
related to their use, such as protecting patient privacy 
and the appropriate use of medical data, must be consid-
ered. 

Although this technology has the potential to help 
combat the Covid-19 pandemic, other important issues 
such as social distancing and wearing protective masks 
should not be overlooked. Increasing the number of tests 
and following hygiene rules are also crucial steps that 
can help prevent the spread of the disease. 

In conclusion, the diagnosis of Covid-19 from X-
ray and CT images of the lungs using deep neural net-
works is one of the tools that help in the rapid and effec-
tive diagnosis of the disease. However, in order to take 
full advantage of these diagnostic tools, further research 
and testing are required, as well as consideration of the 
ethical aspects involved in their use. With the ongoing 
Covid-19 pandemic, it is important that we continue to 
adhere to hygiene and social distancing rules to help 
prevent the spread of the disease. 
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