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Abstract- Since breaking out in Wuhan, China in the last days of 2019, the novel COVID-19 pandemic has done a great deal of
damage to mankind; whether it is economic damage, psychological or social. It was declared a pandemic in March 2020. PCR
(Polymerase Chain Reaction) which is used to diagnose COVID-19 patients usually takes 24-72 hours ranging in different
countries. A new idea of diagnosing COVID-19 with the help of radiography images has surfaced which has taken research
world by storm. There are different machine learning models developed with the help of historic data i.e., datasets that
classify COVID-19 patients within a few minutes. As there are different publicly available datasets on which dozens of models
are developed, we would like to perform a comparative analysis of these datasets. This would help us to identify different

aspects of these datasets.

Index Terms-- COVID-19, CNN, CT scans, CXR, PCR, Pneumonia, Radiography.

I. INTRODUCTION

A newly known disease, affecting living species of the earth,
known as COVID-19 emerged in December 2019 [1]. Its impact
was so devastating that soon it was declared a pandemic in
March 2020 by WHO. Weekly, millions of cases started
surfacing according to COVID world-o-meter data [2]. Since
then, intellectual people and different administrations all over
the world are trying to curb this. Lockdowns were part of this
exercise, but this was a temporary solution. Medical Fraternity
developed a COVID-19 test mechanism called PCR
(Polymerase Chain Reaction) [3] for diagnosing COVID-19
patients but another problem was around the corner. PCR test at
best used to take 24 hours to produce results. During this time,
the patient would have contacted more people and this chain
was going alone. The amount of time PCR test takes had led
scientists to think differently.

To address this problem, a new idea of diagnosing through
radiography images [4] was presented. Machine learning
algorithms are applied to radiography image datasets of
COVID-19 patients started being used to classify COVID-19
patients. The good thing about these frameworks was that it
normally used to take 30-60 minutes for diagnosis. Moreover,
most models produced an accuracy of an excess of 90% but still,
there were a few problems.

In this research, we will talk about these problems regarding
these models as well as datasets. A comparative analysis is
required to find out all the points. This can help us to identify
the hidden aspects of these models as well as datasets. These
aspects include positive as well as negative points. Normally,
researchers don’t have time to carefully analyze these aspects.
Moreover, comparative analysis helps us to broaden our
thinking about product functionality as well as relevant patterns
are identified [5].

A. ABBREVIATIONS AND ACRONYMS

C.N.N. stands for Convolutional Neural Network. C.T. means
Computed Tomography. C.X.R. means Chest X-Ray. OptCoNet
stands for Optimized Convolutional Neural Network

Il. LITERATURE REVIEW

Hussain et al. [6] proposed a deep learning model which
classifies COVID-19 patients using chest X-ray images. He used
a 22-layer CNN (Convolutional Neural Network) Architecture
named GoogleNet for classification. This model is applied to an
X-ray dataset. This model is claimed to have performed different
classifications i.e., 2 class classifications (COVID and Normal), 3
class classifications (COVID, Normal and Pneumonia) and 4
class classifications (COVID, Normal, Viral Pneumonia and
Bacterial Pneumonia). This produced different results for
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different classification problems. For 2-class problem, its
accuracy was recorded as 99.1%, 94.2% for 3-class and 91.2% for
4-class problem. The results showed this Model had better results
than the other 10 existing MODELS.

Asif et al. [7] presented a model for the classification of
COVID-19. They used digital x-rays for this purpose. They
applied CNN architecture Inception V3. However, they
performed only 3 class classification. They used a dataset having
images of around 3500 which included 864 COVID-19 images,
1345 viral pneumonia and 1341 normal x-ray images. This Model
produced an accuracy of 98%.

Mahdy et al. [8] proposed technique for COVID-19
classification with the help of lung images. The proposed used
multi-level thresholding procedure and SVM (Support Vector
Machine) Algorithm. All the images used in this dataset were of
the same size, same format (JPEG) and same pixel (512*512).
This sensitivity, specificity, and accuracy for this model were
recorded as 95.76%, 99.7%, 97.48% respectively. One of the
drawbacks of this Model was, that it was 2 class classification.

Lujan-Garcia et al. [9] proposed a model which aims to
perform COVID-19 diagnosis at a faster rate and Pneumonia
classification images by using 2 different datasets. One dataset
consisted of pneumonia-inflected CXR images and the other
consisted of Normal and COVID-19 images. This diversity of this
model was unique as the dataset had records ranging from 12 to
87 years, so it covered all the range of humans. So, CNN
algorithms were applied to these datasets. Performance evaluation
metrics confusion metrics were used to determine the
performance of the model. The results showed that the
performance was excellent as results were obtained in 12 minutes.

Narin et al. [10] presented a model with the same attributes but
with a different approach. 5 different CNN Architectures were
used in this study namely ResNet50, ResNet101, ResNet152,
Inception V3 and Inception-ResNetV2. It performed 4-class
problems (COVID, Normal, Viral Pneumonia and Bacterial
Pneumonia) by using five-fold cross-validation. The good thing
about this work was that it was applied to three different datasets.
The researchers used 70% of the data for the training, 10% for
validation, and the remaining 20% for testing.

Kumar et al. [11] proposed a deep learning model with
machine learning classifiers and SMOTE. SMOTE is a feature
used in python to imbalanced data [12]. It uses K-nearest
neighbor algorithm to bring synthetics into data [13]. This model
achieved an accuracy of 97.3% on Random Forest and 97.73% on
XG Boost predictive classifiers [14].

TABLE |
AN OVERVIEW OF THE MODELS USED BY DIFFERENT RESEARCHERS

1 Hussain et al. - CoVID-19, Kaggle [25] More than
[6] S Normal 90%
' Pneumonia, Accuracy for
Bacterial all
Pneumonia classification
2 Asifetal. [7] o COVID-19,  Github [21] 98%
§ Pneumonia Accuracy
3 Mahdy et al. o COoVID-19 Kaggle [22] 95% Sen,
[8] S 99% Spe,
o 97% Acc
4 Lujéan et al. o COVID-19 Github [21] More than
[9] S Mendeley 90%
o~ [28] Accuracy
5 Narin et al. - COVID-19, Paper-with- More than
[10] S Normal code [27] 90%
N Pneumonia, Accuracy
Bacterial
Pneumonia
6 Kumar et al. o COVID-19 Kaggle [14] More than
S towards data ()
11 S dsd 90%
o [29] Accuracy
7 Thakur et al. - CoVID-19, Kaggle [22] More than
S neumonia ()
15 S P i 90%
o Accuracy
8 Anter et al. - CoviID-19 Github [21] More than
[16] S 90%
o~ Accuracy
9 Narin et al. - COVID-19, Kaggle [22] 99%
[17] % Pneumonia Accuracy
10  Goeletal. - CoviD-19 Github [21] 97%
[18] § Accuracy
11  Karthik et al. - CoviID-19 Kaggle [14] 99%
19 S Accuracy
N

Author Year Diseases Dataset Results

Dhiman et al. [20] suggested the DON framework for the
detection of novel COVID-19 disease using X-ray images. Eleven
different frameworks were used in this proposed framework.
These eleven Models were AlexNet, VGG16, VGG19,
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GoogleNet, ResNet, ResNet18, ResNet500, ResNet101, Inception
V3, InceptionResNetV2, DenseNet201, XeptionNet. The model
was claimed to have outperformed competitive models in the race
of precision, recall, accuracy, specificity, and F1 Score [14].
Thakur et al. [15] proposed a methodology in which the
classification of COVID-19 was performed by applying the CNN
Algorithm. They divided their work into 2 parts. First, they
developed a model for two-class classification, and then they
developed another Model for multiple class classification. For
binary classification, a dataset containing more than 3800 images
was used of which 1917 CXR images belonged to COVID
infected patients. Similarly, for multiple class problems, more
than 6000 images were used out of which 1917 were COVID

FIGURE 1. Sample Images of 2 Different Patients from COVID-NetCXR-2
Dataset and Their Associated Critical Factors
infected images. All the commonly used parameters of a model
were giving results of more than 90%.

Anter et al. [16] presented a model named AFCM-LSMA for
the detection of COVID-19. This is a new intelligent model based
on the combination the of algorithms Fuzzy C-Means and Slime
Moulid Algorithm. This model produced an accuracy, Precision,
and F1 Score of 96%, 98%, and 98% respectively [21].

Narin [17] used Deep Learning and old machine learning
methods were used together to develop a model for detection of
COVID-19 patients. It was implemented with three different
CNN architectures (ReSNet50, ResNet101, and
InceptionResNetV2). It was used for a three-class problem i.e.,
COVID-19, Normal and Pneumonia. The accuracy for this Model
was recorded at 99.86%.

Goel et al. [18] presented a paper that aims to detect COVID-
19 patients through CNN Algorithm. A Framework OptCoNet is
proposed. GWO Algorithm was also used in this framework. This
model is trained on 1890 images and then tested 810 images. It
provided an accuracy of 97.78%.

Karthik et al. [19] suggested a custom CNN architecture which
learns unique convolutional filter patterns. This model also
determines saliency of X-ray images. This model produced an
accuracy of 99.8% [14].

We have summarized these results in table 1 below where
authors, year published, a general review of the technique used,
diseases, datasets and evaluation metric are discussed

I1l. DATASETS
Dataset is a collection of data. It may consist of numerical data,
alphabetic data or even image data. We may refer it as small
database where data is stored in files and folders. There is always
a common element i.e., pattern in data of one dataset.
In this section, we are taking different datasets of radiography
images. This dataset would be used in implementing different
models through machine learning algorithms which would be
used to perform COVID-19 classification.

A. COVIDx CXR-2 DATASET

COVIDx CXR-2 is a publicly available dataset [22] containing
over 16000 Chest X-ray images. It is ideal dataset for training and
testing Model our COVID-19 detection. This was created by
Andy Zhao around the start of COVID-19 pandemic. At the start,
it consisted of few hundred images, but it kept increasing as time
went on. A sample of the COVIDx CXR-2 is shown in Fig 1.

B. COVIDx CT

This dataset is created by Hayden Gunraj [23]. This is an openly
accessible dataset consisting of CT images. This dataset is a
combination of different publicly available datasets. It is also used
train and test COVID-19 detection models. The difference is that
this model is developed with the help of CT images. Fig 2 shows
a sample image of this dataset.
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s
FIGURE 2. Chest CT images from the COVIDx-CT dataset, illustrating (A)
COVID-19 pneumonia cases, (B) non-COVID-19 pneumonia cases, and (C)
normal control cases

C. COVID-19 RADIOGRAPHY DATABASE

COVID-19 Radiography Database was developed by a team of
researchers from different countries mainly by Qatar University,
Doha and University of Dhaka, Bangladesh [24]. They are
continuously updating this database which have now over 20000
images. It consists of lung opacity, normal and pneumonia
images. Fig 3 shows a sample of this dataset.

D. PNEUMONIA X-RAY IMAGES

Pneumonia X-Ray Images was developed by Paulo Breviglieri
[25]. It consists of around 5500 images. It is also used for training
and validation purposes in machine learning. A sample image of
this database is shown in Fig 4. A summary of these datasets is
presented in Table 11 where the name of the dataset is followed by
the sponsor of the dataset. We have also provided the Type of
images in the dataset along with the number of images present.

FIGURE 3. A random image of COVID-19 Radiography Database dataset

- B

FIGURE 4. An image of Pneumonia X-Ray Images dataset showing human X-ray
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TABLE Il
DATASET DETAILS

S.  Name Sponsor Type = Area Images
N £
0 3
1.  COVIDx University of ~ Chest o COVID-19 16,000+
CXR-2 Waterloo, X-ray 2
Canada [22] N
=]
<
2. COVIDXCT Frontiers in CT « COVID-19 194,000
Medicine [23] scans o +
&
Yo}
3. CoviID-19 Qatar Chest o COVID-19, 20,000+
Radiography  University, X-ray, & Pneumonia
Database Doha-2713, cT &
Qatar [24] scans N
4. Pneumonia Attribution Chest L COVID-19, 5,500+
X-Ray 4.0 X-ray & Pneumonia
Images International g
[25] g

IV. CONCLUSION

As we explained above, earlier diagnosis is helpful in a pandemic
like COVID-19 to help us avoid spreading the disease [7]. Also, it
can help to reduce the burden on Health system. In this study, we
analyzed different machine learning models developed for
diagnosis of COVID-19. We discussed their mechanism and their
way of function. We also discussed few datasets and their
quantity. Another thing that we learnt was the diversity of
machine learning models and their effectiveness in the field of
Medical and Epidemiology [26].
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