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Abstract: COVID-19 has been declared as a pandemic in over 200 countries of the
world.COVID-19 is an infectious disease that is primarily caused by severe acute respiratory
syndrome corona virus2((SARS-CoV-2). According to the latest figures by the world health
organization, the number ofconfirmed cases for the COVID-19 pandemic worldwide is more
than 20 million worldwide and thenumber of fatalities reported is over 700,000. It has been
found from several studies that medicalimaging coupled with machine learning methods holds
great promise in the detection and follow-up ofthe COVID-19 disease due to the enhanced
accuracy in results of the experiments performed by theresearchers. Machine Learning (ML)-
based solutions can be used to simultaneously analyse multipleinput computed tomography
(CT) images of chest and lungs. A large number of papers have beenpublished that show the
application of machine learning methods in successful detection of the COVID-19 disease.
Such applications demonstrate the suitability of feature prediction, identification of
involvedrisks and therefore managing and intercepting the outbreak of such diseases. This
paper describes some of the techniques in machine learning that can be used
detectionofCOVID-19disease.
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COVID-19 is an infectious disease that is primarily caused by the severe acute

respiratory syndrome coronavirus 2((SARS-CoV-2) of the genus Beta coronavirus [1].In
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comparison with other strains of corona virus such as the severe acute respiratory syndrome corona
virus (SARS-CoV) and Middle East respiratory syndrome corona virus (MERS- CoV), the SAR-CoV-
2is highly contagious with a rapid transmission capability leading to the one set of respiratory distress
symptoms and even death [2,3].The COVID-19 has been declared as a pandemic in 213countries
owing to the steep increase in the number of confirmed cases as is evident from the papers published
by different research studies [1, 4]. According to the latest figures by the world health organization
(WHO), the number of confirmed cases for the pandemic is more than 20 million worldwide and the
number of fatalities reported is over 700,000 [S]. The COVID19 disease is a pandemic and a worldwide
catastrophe as suggested by the United Nations which is directly affecting the lives of billions of people
worldwide in terms of economic, environmental & social developments.

It has been found that the SARS-CoV-2 is mainly transmitted through minute droplets
exhaled by an infected person through sneezing, coughing, or close interaction with non-
infected persons. These droplets can then be inhaled, or they can land on surfaces that others

may come into touch with, who can then get infected when they contact their eyes, mouth, or

nose.
Transmission Signs of coronavirus infection
Coronaviruses are zoonotic, meaning

they are transmitted between animals ! Fever
and people. :

Cough Shortness

of breath
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B Coughing and sneezing. problems
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touching or shaking hands.

B Touching an object or surface with
the virus on it, and then touching
your mouth, nose, or eyes before

washing your hands. # B Severe acute respitory syndrome
B Fecal contamination. B Kidney fallure
4 W Death

Source: WHO, CDC, Getty Images

Fig-2Transmissionofcoronavirus

Stage 1- Imported Cases: These are those who have travelled to virus-hit foreign countries
and have come back to India.
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Stage 2- Local Transmission: These are those cases that have come in contact with patients
who have a travel history.

Stage 3- Community Transmission: Community transmission is when a patient not
exposed to any infected person or one who has travelled to any of the affected countries tests
positive. Large areas get affected when community transmission takes place.

Stage 4- Epidemic: This is the last and the worst stage where the disease takes the shape of
an epidemic with no clear end point like in China.

Machine learning (ML) is a branch of artificial intelligence that deals with algorithms that
can continuously evolve and improve through experience [14]. ML algorithms typically
build a numerical model based on available data, known as “training data”, for purpose of
prediction without being. Explicitly programmed to do so. Generally, ML algorithms are
used for applications where it becomes cumbersome or infeasible to employ or build models
using conventional programming algorithms. Today however we find that the ML algorithms
are being used effectively for a large number of applications involving robotics, computer
vision, data mining & forecasting.

Fig 3 Covid transmission in body

Deep learning is a subset of the machine learning paradigm which deals with artificial
neural network algorithms that follow the structure and function of the human brain. Deep
learning 1s concerned with deep neural networks that employ a large number of network
layers for operation. Due to the usage of a large number of layers, the performance
continuously increases as we train the network layers with more data. An important
characteristic of deep learning is called feature learning which allows for automatic feature
extraction from raw data. Deep learning methods aim at learning feature hierarchies with
features from higher levels of the hierarchy formed by the composition of lower-level
features. The hierarchy of concepts allows the computer to learn complicated concepts by
building them out of simpler ones.
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Fig 4 A basic convolution neural network model

Medical imaging can be used to create a visual representation of the interior portion of the
human body so that anomalies can be detected and further intervention can be carried out.
Medical imaging modalities such as thoracic, chest, and lung CT scans are widely being used
in the diagnosis and follow-up of the COVID-19 disease. These imaging techniques coupled
with ML solutions are quite effective in the early detection of disease. The major advantage
of such methods is better prediction capability, lower miss diagnosis rates, and lowers the
work load of radio logistics [1].The imaging technique use a long with ML can also be
employed for classification and positive confirmation of COVID-19fromalso a large number
of cases analysed in a short period [4]. Techniques such as deep learning (DL) enable the
effective management of COVIDI19 patients and can help avoid transmission [6, 7, 8].The
imaging techniques[1, 4, 6] commonly used for positive confirmation and detection of the
COVID-19 are low resolution computed tomography (LR CT), High resolution computed
tomography (HRCT),Non-contrast thoracic CT, etc as shown in Figure5.Convolutional
neural network based approaches have been used for screening and detection of COVID-19
from X-ray image datasets [11, 12].
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Fig 5 Lung CT image infected by COVID-19 pneumonia
COVID-19.The paper is divided into nine sections: section 1 gives the introduction. Section
2 describes some specializedCNNmodelsusedforCOVID-19 detection and3.4, 5, 6, 7,
presents 5 working ML models for the classification of lung CT images, classification of X-
ray images and detection of COVID-19 disease. Finally, the paper concludes in section8.
II. LITERATURE SURVEY
A. Deep Learning Based COVID-19 Detection
In this paper they’ve 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, they’ve used deep learning- based CNN models and compared their
performance.
B. COVID-19 Detection Using Convolutional Neural Network
In this paper they have applied three different models (InceptionV3, Exception, and Res
Next). The analysis of this collected data is done with the help of CNN. This work mainly
focuses on the use of CNN models for classifying chest X-ray images for coronavirus infected
patients.
C. COVID-19 Prediction using SEIR model
This paper presents a comparative analysis of machine learning and soft computing
models to predict the COVID-19 outbreak as an alternative to susceptible—infected— recovered
(SIR) and susceptible-exposed-infectious-removed (SEIR) models. Among a wide range of
machine learning models investigated, two models showed promising results (i.e., multi-
layered perceptron, MLP; and adaptive network-based fuzzy inference system, ANFIS). Based
on the results reported here and due to the highly complex nature of the COVID-19 outbreak
and variation in its behaviour across nations, this study suggests machine learning as an
effective tool to model the outbreak. This paper provides an initial benchmarking to
demonstrate the potential of machine learning for future research. This paper further suggests
that a genuine novelty in outbreak prediction can be realized by integrating machine learning
and SEIR models.

D. COVID-19 Prediction using ARIMA model

The objective of the paper is to formulate a simple average aggregated machine learning
method to predict the number, size, and length of COVID-19 cases extent and wind-up period
crosswise India. This study examined the datasets via the Autoregressive Integrated Moving
Average Model (ARIMA). The study also built a simple mean aggregated method established
on the performance of 3 regression techniques such as Support Vector Regression (SVR, NN,
and LR), Neural Network, and Linear Regression. The results showed that COVID-19 disease
can correctly be predicted. The result of the prediction shows that COVID-19 ailment could
be conveyed through water and air ecological variables and so preventives measures such as
social distancing, wearing of mask and hand gloves, staying at home can help to avert the
circulation of the sickness thereby resulting in reduced active cases and even mortality.
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E. Specialized CNN models for Covid-19 detection

COVID-19 Detection Neural Network (Covent) architecture was introduced by
[17]. This is a 3Ddeep learning architecture to detect COVID-19. This architecture can
extract both 2D local and 3Dglobal illustrative features. The Covent architecture is made
with a ResNet architecture as the basemodel. A max-pooling operation was used for the
extracted features from all slices. The finishing feature map is connected with a fully
connected layer and they used as of activation function for the probability score for every
type (COVID-19, Community-Acquired Pneumonia (CAP), and non-pneumonia).

COVID-Net architecture is specially adapted for COVID-19 case detection from chest
X-Ray images. So obviously it has high architectural diversity and selective long-range
connectivity. The massive use of a projection-expansion-projection design pattern in the
COVID-Net [18] architecture is also observed. COVID-Net network architecture is
incorporated into a heterogeneous mix of convolution layers. The proposed COVID-Net was
pre-trained on the ImageNet dataset and then applied to the COVID x data set. Applying this
architecture, they got accuracy about 93.3% on the COVID x dataset.

ChexNet is originally a DenseNet-121 type of deep network which is trained on Chest
X-ray images introduced by the paper [19]. So, this architecture has been specially designed
to diagnose COVID-19.1024-D feature vectors are extracted for the compact classifiers in
ChexNetis. They used the Soft max activation function to classify COVID19, Normal, Viral
Pneumonia and Bacterial Pneumonia. The number of trainable parameters in this models
6,955,906.

COVID-CAPS is a capsule-based network architecture invented by[22]. This model
has 4 convolution layers and 3 capsule layers. 3-dimensional chest X-Ray images are the
input of this architecture. The primary layer is a convolutional layer, and then batch
normalization is attached. The second layer is also a convolutional layer, followed by a
pooling layer. Correspondingly, the third and fourth layers are convolutional, and the fourth
layer is reshaped as the first Capsule layer. Three Capsule layers are embedded in the
COVID-CAPS to perform the routing. The last Capsule layer contains the classification
parameters of the two classes of positive and negative COVID-19. The trainable parameter
1s 295,488 for this model. Pre-trainedCOVID-CAPSgave98.3%accuracy.

Detail-Oriented Capsule Networks (DECAPS) architecture was introduced by the
paper [23]. It uses a ResNet with three residual blocks because the base network which
outputs 1024 feature maps, followed by alx1convolutionallayerwith512 channels and a
ReLU non-linear layer. This architecture is trained in CT images. This model obtained an
area under the curve (AUC) of 98%. Besides these, some papers used different types of
approaches Like Details Relation Extraction neural network (DRE-Net) [26] which is
ResNet-50 on Feature Pyramid Network [FPN] for extracting top Details from each image
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and an attention module combined to learn the importance of every detail. In the training
stage,[21]and [25] employed the least absolute shrinkage and selection operator (LASSO)to
traverse the optimal subset of clinical-radiological features to classify. GLCM, HOG, and
LBP were used by [24]. Moreover, [20] used commercial off-the-shelf software that detects
nodules and small par cities within a3Dlungvolume and subsystem.

III. SYSTEM ARCHITECTURE

Covid-19
dataset l
Training and Convolution
Pre-Processing |—» Testing ———| Neural Network - Result
Dataset Model

A

Pneumonia
dataset

Fig 6 Complete System architecture

A. COVID-19 Dataset Description

First dataset involves collecting important datasets from github. COVID-19 dataset
consists of X-Ray images of patients infected with COVID-19. These images are used to
identify COVID-19 positive samples.

B. Pneumonia Dataset Description

The second dataset consists of Pneumonia negative patients. COVID-19 shares some
similar chest conditions as Pneumonia so this dataset is used to identify COVID-19 negative
samples.
C. Pre-Processing Description

Image Pre-processing here involves two phases namely image sorting, which includes
merging COVID-19 dataset with pneumonia dataset and digital image processing which
includes running of algorithms to perform image processing on digital images. It involves
applying a wider range of algorithms to the input data to improve image data by suppressing
unwanted distortions so that the CNN model may benefit from this and become more optimised
and precise.

D. Training and Testing Data Description

Training dataset consists of thoroughly cleaned data; the success rate of a model
depends upon the dataset. Cleaning is one of the major processes in model-based projects. The
training set is the material through which the computer learns how to process information. The
CNN model applies its algorithms on this piece of dataset to generate its main intelligence. It
is this dataset which trains the CNN model to differentiate between COVID-19 positive and
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negative samples when presented with a chest X-Ray image. Testing dataset evaluates the
model’s intelligence gained by the training data. It lists important parameters like Accuracy and
Loss rate.

E. CNN block Description

This block represents the base model of image detection which is Convolutional Neural
Network Model. It makes use of iterative training on each of the images to eventually be able
to recognize features, shapes. Multiple filtering techniques are used to scan images using
convnets. Repetitive filtering scans are carried out to expel any errors and provide the most
accurate results for this sensitive test of COVID-19.

F. Result Block Description
Final result is displayed on the screen about whether the scanned Chest X-Ray of the
patient in doubt is coronavirus positive or negative

G. Dataset Description
First phase of this prediction model is to collect COVID-19 daily case numerical data.
The data needs to be updated regularly for precise predictions.

H. Preparation Description

This phase of the project involves modifying the dataset by using python libraries.
Pandas is used to transform the dataset into data frames, NumPy is used in crunching large
datasets, it is one of the most used libraries by a data scientist, Matplotlib is used to convert
data into corresponding x and y coordinates. Using matplotlib a graphical representation of the
dataset is generated.

I. Training/Regression Description

In the training phase, the Machine learning model learns using Sklenar library and the data
which is collected and prepared. A Regression Model is used which is useful when predicting
number-based problems like probability of an event.

J. Prediction Count

The results are evaluated based on predicted trend and actual trend which provides
strong evidence regarding the accuracy and operability of the Model. Model is then tuned up
according to the results.

K. Dataset Description

Dataset consists of three main components namely number of active cases, deaths and
recovered cases. It contains records of all the countries making it possible to analyse the
COVID-19 situation globally. Dataset is extracted from John Hopkins repository which is
updated daily.
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L. Pre-processing Description

In this phase the dataset is exploited to extract specific data and group up this data into
similar arrays. Arrays are then processed to do a comparative analysis according to the desired
output by the developer
M. Analysis Description

Arrays of data created in the pre-processing phase are used in this phase to calculate
certain country specific values and time specific values and learn the pattern of outbreak of
Coronavirus. Analysis provides a deep knowledge of the trend of the virus in different regions
and the growth rate of different countries.

N. Training Description

In this phase python libraries such as numpy, pandas, scikit -learn are used to train the
model to provide desirable outputs. Model specific algorithm is the base on which the model
is trained.

0. Competitive Modelling Description

This phase focuses on developing alternate predictive models to calculate possible future
values. Accuracy and loss are the parameters observed in this phase which decide the success
rate of the models developed.

IV. CONCLUSION

ML techniques are used to accurately predict the manifestation of COVID-19 disease
and can prove to be useful for radiologists for validating the results of clinical diagnosis.
Medical imaging coupled DL holds great promise in the detection and follow-up of the
COVID-19 disease due to the enhanced accuracy in the results of the experiments performed
by the researchers. The imaging techniques along with Al can also be employed for
classification and positive confirmation of COVID-19 from also a large number of cases
analysed in a short period. Techniques such as DL have enabled the effective management
of COVID-19 patients. Al-based solutions can be used to simultaneously analyze multiple
input Computed Tomography (CT) images of the chest may lead to early detection of the
disease efficiently. Convolutional neural networks can also be used accurately forCOVID19
classification from X-ray images.
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