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Abstract: Academics and the health community are paying much attention to developing smart
remote patient monitoring, sensors, and healthcare technology. For the analysis of medical scans,
various studies integrate sophisticated deep learning strategies. A smart monitoring system is needed
as a proactive diagnostic solution that may be employed in an epidemiological scenario such as
COVID-19. Consequently, this work offers an intelligent medicare system that is an IoT-empowered,
deep learning-based decision support system (DSS) for the automated detection and categorization of
infectious diseases (COVID-19 and pneumothorax). The proposed DSS system was evaluated using
three independent standard-based chest X-ray scans. The suggested DSS predictor has been used
to identify and classify areas on whole X-ray scans with abnormalities thought to be attributable to
COVID-19, reaching an identification and classification accuracy rate of 89.58% for normal images and
89.13% for COVID-19 and pneumothorax. With the suggested DSS system, a judgment depending
on individual chest X-ray scans may be made in approximately 0.01 s. As a result, the DSS system
described in this study can forecast at a pace of 95 frames per second (FPS) for both models, which is
near to real-time.

Keywords: chest X-ray scans; COVID-19; decision support system; deep leaning; pneumothorax

1. Introduction

COVID-19 has unexpectedly emerged as a worldwide epidemic [1]. Individuals with a
previously undiscovered lung ailment were discovered around the end of the year 2019 [2].
After the first sufferer was hospitalised, the identification of COVID-19 was verified in
more than 1975 additional people within a month. COVID-19 is triggered by a novel
coronavirus known as SARS-CoV-2 (severe acute respiratory syndrome coronavirus) [2,3].
The COVID-19 epidemic has intensified significant pressure on most nations’ healthcare
systems, essential services, and finances [4–6]. COVID-19 has killed people throughout
the world [7,8]. Real-time reverse-transcription polymerase chain reaction (RT-PCR) is the
most frequently utilized diagnostic technique for COVID-19 to date [9].

The primary screening methods for detecting and diagnosing pulmonary chest dis-
orders early in the diagnostic workup, along with COVID-19, are radiographic imaging
methods such as chest digitized X-ray (CXR) and computed tomography (CT) [1,10,11].
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CT has demonstrated superiority over CXR [12,13]. Radiology scans are employed for
diagnosis objectives in patients with pulmonary illness due to the inadequate specificity
of RT-PCR. Principal chest digitized X-ray technologies are still beneficial since they are
quicker, produce a reduced radiation dose, are less costly, and are widespread [4,10]. To in-
crease the accuracy of COVID-19 diagnosing, scans or X-rays must be performed frequently
in conjunction with RT-PCR data [10]. On the other hand, the considerable proportion of
persons that screened positive for COVID-19 makes regular testing difficult for clinicians.
As a result, authorities pushed specialists and investigators to use artificial intelligence (AI)
approaches to battle the COVID-19 outbreak [1].

Utilizing digitized X-ray scans, deep learning DSS implementations have effectively
predicted many health conditions, including breast cancer [14,15], skin cancer [16], and
pulmonary sickness [10]. The fast proliferation of the COVID-19 pandemic, which has
resulted in the life-loss of millions of people throughout the globe, necessitates the use of
deep learning technology to design a DSS architecture that can enhance diagnostic accuracy.
This has been the driving force behind the development of a deep learning DSS system for
diagnosing COVID-19 using digitalized X-ray scans.

Further, studies have indicated that individuals with COVID-19 infection might pro-
duce pneumothorax [17]. COVID-19 instances needing hospitalization have been known
to be complicated by pneumothorax. With several plausible processes behind this link,
establishing the association involving pneumothorax and COVID-19 is difficult [18]. Pneu-
mothorax has been considered an adverse prognostic indicator in COVID-19 illness [19,20].
As a result, physicians should know that a pneumothorax might be seen in the scans and
physiological symptoms of COVID-19 and that this can result in a rise in fatality or severity.
If a person has COVID-19 and is misdiagnosed as pneumothorax, he/she will not be in
quarantine anymore, which may result in another chain of people getting infected. In cases
when a person having pneumothorax is misdiagnosed as having COVID-19, he or she
will still develop COVID-19 by being in touch with other patients. In both cases, another
COVID-19 chain will start and will cause more COVID-19 patients, as well time and money
being wasted on misdiagnosed disease.

Remote sensing can be defined as rendering information about something, without
being physically present near that object. In medical fields, X-rays are generally used for
remote sensing. The subject of remote sensing, which is referred as medical imaging in
the medical field, is now a major topic being researched. It includes various methods such
as X-ray, CAT scans, MRI, ultrasound, and endoscopy. PET and SPECT also fall under
the medical remote sensing category. These various methods can produce “static” images
and can be viewed in real time to track “movements” within the body. Moreover, some
methods concentrate on skeletal parts, others on internal organs; others on circulation and
other functions. Most methods are used to detect abnormalities such as malignant growths,
bone breaks, and disease effects.

These days, researchers have created a variety of artificial intelligence (AI) algorithms
for analysing medical images, such as chest X-rays, to detect infectious illnesses [21,22].
These established methods might aid medical professionals or physicians, improve the
treatment test procedure, and reduce workload by automatically identifying the infection
in chest X-rays. With these advanced tools and approaches, early illness diagnosis can also
lower death rates. Thus, an intelligent, sensor-based health care system is proposed in the
current research to classify viral illnesses, such as COVID-19 and pneumothorax, in chest
X-rays, motivated by the enhanced performance outcomes of prior systems.

Contributions

The current research is intended to be a clinical study that examines how to distinguish
between COVID-19 and pneumothorax. This is motivated by the fact that a patient could
develop pneumothorax after recovering from COVID, leading to misdiagnosis. The overall
contribution of this paper is summarized as follows:
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• This research focuses on the fact that many COVID-19 patients, after getting treated,
are diagnosed with pneumothorax after a few days. Thus, an intelligent sensor-based
system is required to look at the X-ray and classify it as normal or abnormal. If the
X-ray contains some abnormalities, it requires further classification if the abnormality
is that of COVID-19 or pneumothorax.

• We explore a variety of pretrained deep learning models and present each re-
sult compared with the proposed model. In our method, we divide the prob-
lem into two major categories, which are normal/abnormal classification and
COVID-19/pneumothorax classification.

• We have proposed our final models for each classification to assist developers and
researchers in broadening their perspectives on deep learning (DL) techniques and
to use the models for a better purpose. Proposed DL models can be used to solve the
mentioned issue accordingly.

• Finally, we point out and discuss potential reasons for our model providing better
results and the future scope of this research.

The manuscript is further divided into various sections. Section 2 explores the state-
of-the-art concerning COVID-19 detection from X-ray scans. Section 3 briefs the motivation
behind the proposed model. Section 4 explains all the details related to the proposed
model. Section 5 highlights the experiments performed and the results achieved. Finally,
the research is concluded in Section 6.

2. Related Work

Confirmed the existence of COVID-19 in 2020, specific deep learning-based techniques
are often used to identify COVID-19 on electronic X-ray and CT scans. The findings of the
research performed by Kuo et al. [23] demonstrated that COVID-19 might be accurately
predicted using non-image data also. To further enhance predictive performance, it is
advised to add class imbalance and extraction of features while developing models for
the forecasting of COVID-19. However, the current study concentrates on applying deep
learning technologies to image data for the diagnosis of COVID-19 and pneumothorax. Ad-
ditionally, thorough studies of the use of AI in radiological image processing for COVID-19
are offered in Fusco et al. [24].

Oh et al. reported a patch-based deep learning DSS system comprising segmentation
and classification phases that would recognize COVID-19 from CXR scans in [25].

FCDenseNet103 has been used to split and identify the whole lung areas from the
total CXR scans in segmentation. Various unrelated patches (i.e., areas of concern) are
selected from such segregated lung areas and used as feed for the deep classifier network.
Researchers examined CXR scans from a diverse patient population, including those
who were normal and those with COVID-19-related bacterial meningitis, TB, and viral
pneumonia. For the F1-score and total accuracy, respectively, predictive accuracies of
84.40% and 88.9% have been obtained.

Ozturk et al. [10] introduced the DeepCovidNet, a deep learning network that can iden-
tify COVID-19 from digitized chest X-ray scans. They used 17 CNN layers in the system to
establish binary classifier (predicting COVID-19 and normal) as well as multi-class classifier
(predicting COVID-19, normal, and pneumonia) predictions. For the binary and multi-class
diagnoses, they attained total prediction accuracy of 98.08% and 87.02%, respectively.

Fan et al. [26] suggested Inf-Net, a deep learning network that could detect or split
dubious areas on chest CT scans that are symptomatic of COVID-19. They employed a
concurrent partial decoder to build the worldwide depiction of the significant patterns.
The divided borders have been enhanced using implicit reverse and edge attention. With
Dice and the increased aligning score, they attained segmentation accuracies of 73.90% and
89.40%, respectively.

Wang et al. [27] developed COVID-Net using a deep learning framework to discrimi-
nate COVID-19 individuals from pneumonia patients and normal people using X-ray scans.
Adopting the same set of X-ray scans, their model’s prediction results have been compared
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to that of VGG-19 and ResNet-50. COVID-Net beat VGG-16 and ResNet-50, according to
the investigators, with positive predictive values (PPVs) of 90.50, 91.30, and 98.90% for
normal, pneumonia, and COVID-19, respectively.

Based on 50 computerized chest X-ray scans, Hamdan et al. [28] proposed a deep
learning COVIDXNet framework that may be utilized to identify COVID-19 patients and
normal persons. Researchers evaluated the classifier performance of seven well-known
convolutional models as feature extractors. VGG-19 and DensNet201 achieved the greatest
analytical result of 90% compared to other classification models.

The capacity of five well-known deep learning architectures to identify COVID-19 on
electronic X-ray scans has been examined by Apostolopoulos et al. [29]. They evaluated
three major categories: healthy, pneumonia, and COVID-19, with the VGG-19 classification
achieving the highest accuracy rate of 93.48%. They also evaluated all the underlying
models as the binary classifier (for COVID-19 vs. normal) and concluded that VGG-19 had
the greatest accuracy of 98.75%. Ahuja et al. [30] presented a three-phase deep learning
prediction system for binary classification to identify COVID-19 from CT scans. They
employed ResNet18, ResNet50, ResNet101, and SqueezeNet as backend deep learning
algorithms for data augmentation, transfer learning, and abnormality localization. The
pre-trained ResNet18 using the transfer learning technique made the highest analytical
findings of 99.82% (in training), 97.32% (in validation), and 99.40% (in test).

Based on entire X-ray scans, Khan et al. [31] suggested a deep learning CNN model
(i.e., CoroNet) that can be employed to assess COVID-19 as a multi-class classification issue.
They could distinguish COVID-19 from bacterial pneumonia, viral pneumonia, and normal
pictures with a recognition rate of 89.6%.

Using chest X-ray scans, Narin et al. [32] contrasted the classifier accuracy of
three distinct deep learning CNN models (i.e., ResNet-50, InceptionV3, and InceptionRes-
NetV2). They tested the capacity of all those proposed theories to distinguish participants
with COVID-19 from those who did not have COVID-19, and ResNet-50 had the greatest
classifying accuracy of 98%.

Ardakani et al. [33] compared eleven well-known DL models for detecting COVID-19
in daily medical environments on CT scans. They used a binary classifier test to distinguish
between COVID-19 and non-COVID-19. ResNet-101 and Xception DL models produced the
highest detection performance, with the highest accuracy of 99.40%. However, Ardakani
et al. have not tested the underlying model on a diversified dataset. The current study
proposes a new model that showcased better accuracy on a diversified dataset, including
not only COVID-19 patients but also pneumothorax patients.

Pereira et al. [34] proposed a texture descriptor-based classifying strategy using a
CNN model. They employed a resampling approach to harmonize the training set for a
multi-class classifier. The prototype received a 65% F1-score. Furthermore, [33,35] give
detailed survey research on deep learning approaches relevant to COVID-19. COVID-19
has been diagnosed using deep learning approaches on complete X-ray scans. This is due
to a paucity of X-ray scans with identified areas of probable lesions. However, using the
whole X-ray scan to make an accurate COVID-19 classification is not practicable [36].

COVID-19 has been associated with pneumothorax in a limited population; however,
the relevance and prevalence of this connection are unknown. According to retrospective
investigations of COVID-19 cases, pneumothorax occurs in 1% of those needing hospital-
isation, 2% of those requiring ICU hospitalisation, and 1% of those passing away from
the illness [37,38]. It is more complicated to comprehend the link between these diseases.
Although cavitation was assumed to suggest pulmonary infarction in one case, radiology
typically revealed normal COVID-19 alterations. This association might be explained in
a variety of ways [39]. As a result, detecting worrisome areas related to pneumothorax
disorders is crucial for obtaining a more precise test since it may be employed to extract
more indicative deep aspects of the disorders.

Current research authors seek whether the patient is healed from COVID-29, has
COVID-19, or has acquired pneumothorax. Numerous research works have been published
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in the domain of diagnosing normal and abnormal X-rays. However, to the best of our
knowledge, no effort has been performed to classify COVID-19 from pneumothorax from a
collection of aberrant pictures. Thus, the authors used deep learning techniques to complete
the stated categorization assignment.

3. Motivation

Before discussing the suggested approach, we initially discuss the transfer learning
gridlock for COVID-19 diagnosis based on X-ray scans, which has prevented deep learning
investigators from obtaining the requisite accuracy. Let us refer to a deep neural structure
as D(n~N; £), where n is a sample of the image collection N and £ is the collection of model
parameters, often known as weights. The model’s training goal is to encode the range N,
which is accomplished by maximizing across a huge number of observations in N. When
the representative sample is limited, D has trouble accurately modelling N.

The following phase is to use transfer learning to compute the mapping Ω: Ð(y~Y;
¥)→D(n~N; £), where Ð(.) represents the pre-trained model learnt from a substantial
amount of Y observations while
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we can also estimate a fair estimation of Ď(.) by transferring Ð(.) to it, since we can organize
for a higher number of observations of Z, . As a result, we use an interim model with a
lower displacement than the output model to decrease the distribution difference between
the pre-trained and the output models while also allowing for improved transfer of the
pre-trained model, given the abundance of additional training data. The detail of the
proposed model is provided in the next section.

4. Proposed Model

Authors attempt to determine if a patient who still suffers from COVID-19 has recov-
ered or has acquired a pneumothorax. We divided the assignment into two parts to make
it easier. To begin, the authors developed a model that can distinguish between normal
and diseased X-rays (Model #1). Then, if the scans are aberrant, we have trained a second
model for pneumothorax and COVID-19 classification (Model #2). The first model may
be used by a developer to determine whether a patient has recovered. If the patient’s
X-ray is abnormal, the scan can be sent to the second model, determining if the problem is
COVID-19 or pneumothorax. We demonstrate the proposed architecture in Figure 1 and
detail it further using the schematics given.
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Figure 1. Proposed Model.

Conv2d layer is used to obtain the feature maps of images. These maps are the 2d
matrix of values calculated according to the following formula: the input image is denoted
by a and our kernel by b. The number of rows in the kernel is denoted as Rrow and the
number of columns is denoted as Rcolumn. The indexes of rows and columns of the feature
map matrix are marked with i and j respectively. The equation of the map is given by:

Map[i][j] = a[i][j] × b[i][j] (1)

which gives,
map[i][j] = ∑Rrow

x=0 ∑Rcoloumn
y=0 b [x][y] a[i− x][j− y] (2)

Pooling layers are then used to decrease the size of feature maps as whole maps would
be time and space-consuming if used. We have used max pool as a function of the pooling
layer which stores the max value of each mXn sub-matrix across the feature map.

pool[i][j] == max



map[i− 0][j− 0] . . . . . . . . . . . . map[i− 0][j− n]
map[i− 1][j− 0] . . . . . . . . . . . . map[i− 1][j− n]

.

.

.

.
map[i−m][j− 0] . . . . . . . . . . . . map[i−m][j− n]


(3)

Dimension of feature map:
fr × fc (4)

Output after pooling:
(fr −m + 1) × (fr − n + 1) (5)
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The flattened layer flattens the 2D array into a one-dimensional array. The output of
the flattening matrix “arr” is given by:

arr[c] = pool [floor (c/n)] [c%n] (6)

4.1. Pre-Processing Model

The model first looks for any abnormalities in the input chest X-ray scan. The training
dataset is first down-sampled to avoid data disparity and then processed by the pre-
processing model. The input X-ray images are pre-processed for classification using the
pre-processing model. All X-ray scan data have been treated using conventional TCIA
curation methods at the first layer of the pre-processing model. TCIA de-identifies data
saved as per the Digital Imaging and Communications in Medicine (DICOM) protocol using
a standards-based technique. The DICOM scans are then processed by converting them to
PNG format. The photos are then downsized to 224 × 224 × 3 on the following layer. Data
augmentation is used in the final layer of the pre-processing model to boost the effectiveness
of deep learning techniques for limited datasets and to generate a balanced dataset. The
pictures are created using three image augmentation techniques (sheer, magnification, and
horizontal flip).

4.2. Pre-Trained Model

The real scans are utilized as the input space for the fundamental transfer learning
job, which is a typical method. This model served as the foundation for the rest of the
models, which were all given a new uneducated brain. This model is a CNN structure
featuring two convolution filtering layers plus an additional pooling layer performed in
triplicate. Then, three convolution filtering layers and one pooling layer were used twice.
Finally, the design’s brain is made up of three completely linked layers, with the SoftMax
outcome. The models are pre-trained using 1 million ImageNet [40] tagged pictures, with
224 × 224 × 3 colour pictures, mapped to 1000 target classes. As our pre-trained model,
we have taken the top seven layers of this architecture.

4.3. Interim Model #1

We initially add small structural alterations to the pre-trained model while retaining its
fundamental weights because our target dataset of X-ray scans contains ’large 3-channeled
pictures’. We specifically changed the last levels of the original model with our own
customized layers. Our technique is to employ three filters to generate a 3-channel feature
map while keeping the hyper-parameters of kernel size and duration comparable to the
first convolutional layer of the initial formulation. When the initial design is employed,
we use the authentic activation function. To obtain the interim model, we intend to train
and develop the layers as well as fine-tune the original version for an “intermediary” zone.
We use chest radiology scans as our intermediary zone because they allow large-scale,
Chest-Xray14 [42] categorization of normal and pathological conditions. Because they are
huge medical pictures, they are more like X-ray scans, so the final layer of the interim
model is changed to forecast those categories. The output of this model is the same as
previous dense layer input with random nodes converted to zero value. We will consider
this output as O11.

4.4. Outcome Model #1

We employ 224 × 224 × 3 inputs received from pre-processing the X-ray pictures to
transfer the intermediate model to the outcome sphere of X-ray scans, a final dense layer
with a “softmax” activation function. Aside from the benefit of transferring a model of
diagnostic pictures to the X-ray sphere, we can also employ a greater input size. This is
advantageous since bigger visuals carry richer data, resulting in more distinct patterns.
With the 3-channeled pictures from the outcome region, we have a pre-trained model after
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fine-tuning the interim model for 100 epochs. This outcome model 1 gives output as a
normal or abnormal X-ray. Consider the output of this model as O12.

O12(O11)i = ezi / ∑2
j=1 ezi, (7)

where, zi = input vector, ez = exponential function

O12(O11)i = ezi/ez1 + ez2 (8)

Thus, Output1 = index of (max (O12)), i.e., class 1 or 2.

4.5. Interim Model #2

The interim model #2 receives pre-processed scans of input pictures that have been
classified as abnormal by outcome model #1. The goal of this model is to differentiate
between COVID-19 and pneumothorax. The resulting sphere of X-ray scans has been pro-
cessed using VGG16 layers in a pre-trained model and additional layers with a predefined
configuration as interim model 2. When it comes to distinguishing COVID-19 from pneu-
mothorax, transfer learning performs better in comparison to classifying normal/abnormal.
This is due to large number of abnormalities in abnormal sections. We have also used a
huge picture size. This is advantageous since bigger pictures contain richer data, resulting
in more distinct patterns. The pooling layer, also known as the subsampling layer, is a
crucial component of CNN. The pooling layer functions autonomously on each feature
map derived by the convolution layer. It reduces the geographical size of the feature map
and delivers the essential components to reduce overfitting and the density of feature sets.
In the CNN model, pooling might be the maximum, mean, or aggregate. Since others will
not be able to spot the acute characteristics as readily as max pooling, it was employed in
this investigation. To balance the input layer and accelerate the learning operation among
hidden layers, the approach modifies the scale and activation. Consider the output of this
model as O21.

O21(z)i = ezi / ∑128
j=1 ezi, (9)

4.6. Outcome Model #2

The loss function employed is categorical cross-entropy, and the optimizer is “Adam.”
For the final result, we used the “softmax” activation function. This last layer is the
secondary target component since it identifies the type of abnormality (i.e., COVID-19 or
pneumothorax in our case). After flattening, the vector data (from interim model #2) are
fed into the CNN’s subsequent layers, known as fully connected or dense layers. Every
neuron in the preceding layers is directly linked to each of the neurons in the following
layer in a completely connected structure. Dense layers’ main role is to accept the flattened
outcome of the convolution and pooling layers as input and categories the picture to a
specified class label.

O22(O21) = 1/1 + e−O21 , (10)

Output2 = 1, if O22 > 0.5, else Output2 = 0

5. Experimental and Results Section
5.1. Dataset

The experimental analysis of the proposed model has been conducted using a blend
of three datasets, i.e., NIH chest X-ray dataset [42], SIIM dataset [43], and CDI COVID-
19 dataset [44]. The dataset crafted using the “NIH chest X-ray dataset” distinguishes
normal and abnormal X-rays. Anyone with no abnormalities has been classified as normal,
whereas scans with exhibiting abnormalities have been classified as abnormal. A total of
1265 aberrant scans were chosen at random for training, and 67 aberrant scans were selected
at random for testing. The authors acquired 1448 scans for training and 77 images for testing
for normal. Further, the authors used two distinct datasets to diagnose COVID-19 and
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pneumothorax. For training, the authors selected 900 random scans from the “SIIM dataset”
and “CDI COVID-19 dataset,” which includes scans for pneumothorax and COVID-19,
respectively, and 100 scans for testing. Figure 2 depicts the distribution of data belonging
to distinct classes.
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5.2. Performance Evaluation Metrics

To investigate the categorization of COVID-19 and pneumothorax sufferers, the au-
thors use the datasets supplied for X-ray scans to evaluate the performance of the pro-
posed models. The authors highlight four outcomes that are characteristic of CNNs for
every framework:

• Accuracy Curve.
• Loss Curve.
• Confusion Matrix.
• Area Under Curve (AUC).

The model’s training and validation accuracy curves illustrate how effectively the
model is learning/summarising. Overfitting is measured by the difference in training and
validation accuracy. The loss curve depicts the learning phase and the orientation of the
model. The learning scope with training is depicted by a large gap between the training
and validation arcs. A confusion matrix is a tool that describes a classifier’s effectiveness
in a collection of the testing dataset for which the actual values are previously known.
Every confusion matrix has four fundamental words linked with it [45]. (i) True Positives
(TP): these are situations when it is forecast “yes”, and, indeed, the affected person had the
condition. (ii) True Negatives (TN): it is estimated “no,” and they are not infected. (iii) False
Positives (FP): It is anticipated a “yes” for the condition, but the sufferers do not have it.
This is sometimes referred to as a Type I error. (iv) False Negatives (FN): When the model
suggests “no,” people nonetheless have the condition. Type II errors are what they are
labelled. It is often used to depict essential prediction statistics, making it simpler to analyse
and obtain useful experimental patterns. AUC is a composite performance indicator that
considers all possible categorization levels. The likelihood that the model rates an arbitrary
favourable instance higher than a random counter example is one approach to analyse
AUC. The AUC represents the likelihood of an arbitrary favourable instance being placed
to the right of a randomized counter-example. The AUC value varies from 0 to 1. The AUC
of a model for whom forecasts are 100% incorrect is 0.0, whereas the AUC of a model where
forecasts are 100% accurate is 1.0.
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5.3. Environmental Setup

The experimentation was split into two possibilities. The authors employed a modified
VGG16 in the first case (for interim model #1) and another modified VGG16 in the latter
(for interim model #2). Over the first setting, scans of normal subjects were combined
with scans of patients with anomalies to create a classification engine. In the later trial, the
authors developed a model to distinguish COVID-19 from pneumothorax in patients with
aberrant X-ray scans. Python language has been used to simulate these two situations. The
authors utilized an open-source deep learning approach to build the systems, methods,
modules, and materials of TensorFlow 2.0 (plus Keras, Google, Mountain View, CA, USA).
The analyses have been carried out with the help of Python. All tests have been performed
on Google Collaboratory with a Tesla K80 GPU graphics card(NVIDIA, Santa Clara, CA,
USA), an Intel (Santa Clara, CA, USA) i7-core @3.6 GHz CPU, and 16 GB RAM on a 64-bit
Windows 11 operating system (Microsoft, Redmond, Washington, DC, USA). To evaluate
the performance of the proposed model, the authors performed a series of tests on the
identical datasets, feeding them into the two most adopted pre-trained CNN models:
InceptionV3 and Resnet50, including a different configuration of VGG16 of fixed layers and
learnable convolution modules. Additionally, the authors selected each model’s excellent
score independently and then assessed every model on a testing dataset.

5.4. Results
5.4.1. Model Forecasting Normal/Abnormal

The effectiveness of the various pre-trained CNN models (as recommended in [32])
and the proposed model is summarized in Table 1. It is observed that almost all of the
tested pre-trained models did an excellent job of categorizing normal and abnormal photos.
While the findings of the other CNNs appeared only somewhat different, the proposed
model showcased the best accuracy of 89.58%. In terms of accuracy and AUC, the proposed
model beat alternative models.

Table 1. Performance of various models for forecasting Normal/Abnormal.

Model Accuracy (with 95% CI) AUC (with 95% CI) Loss

InceptionV3 [32] 86.2 ± 0.052 0.95 ± 0.0955 0.34
Resnet50 [32] 88.4 ± 0.05 0.92 ± 0.1188 0.28

Proposed Model 89.58 ± 0.049 0.95 ± 0.0955 0.25

The confusion matrix for two-class classification with normal/abnormal is shown
in Figure 3. The suggested model’s training and validation accuracy, loss, and AUC are
shown in Figure 4. The model converges successfully, as can be noticed because the gap in
both the train and validation arcs is minimal.
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5.4.2. Model Forecasting COVID-19/Pneumothorax

Table 2 summarises the effectiveness of each of the several pre-trained CNN models.
Almost all the examined pre-trained models performed admirably in identifying COVID-19
and pneumothorax scans. While the results of the other CNNs appeared to differ slightly,
the suggested model had the highest accuracy of 99.5%. The presented model outperformed
competing models in terms of accuracy.

Table 2. Performance of various models for forecasting COVID-19/pneumothorax.

Model Accuracy (with 95% CI) AUC (with 95% CI) Loss

InceptionV3 [32] 99.1 ± 0.0975 0.995 ± 0.0112 0.02
Resnet50 [32] 98.4 ± 0.0980 0.994 ± 0.0126 0.01

Proposed Model 99.5 ± 0.0970 0.995 ± 0.0112 0.01

Figure 5 depicts the confusion matrix for COVID-19/pneumothorax two-class catego-
rization. Figure 6 shows the recommended model’s training and validation accuracy, loss,
and AUC. The model converges well, as evidenced by the small gap between the train and
validation arcs.
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5.4.3. Comparison with Existing Classifiers

The primary motivation behind the current research is to pioneer the deep learning
application for pneumothorax patients. The existing literature [10,31,46] demonstrates
three class classifiers for COVID-19, Normal, and Pneumonia classification. Focusing
on the aim of the current research, we adapted the three class classifiers suggested in
references [10,31,46] with the diversified dataset constituting scans for normal, COVID-19,
and pneumothorax patients. The accuracy achieved from the underlying three classifiers
is presented in Table 3 and Figure 7. The proposed model exhibits the highest accuracy,
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i.e., 99.5% (Stage 2: COVID-19/pneumothorax) of 89.58% (Stage 1: Normal/Abnormal),
which equals 89.13%.

Table 3. Accuracy and speed comparison with state-of-the-art classifiers.

Model Accuracy FPS

DarkCOVID-Net [10] 84.2% 99
MobileNet v2 [46] 86.1% 97

CoroNet [31] 88.7% 94
Proposed Model 89.13% 95
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Further, it has been observed that the proposed model produces the results at a speed
of 95 frames per second (FPS) for both models, which is near to real-time (as depicted in
Table 3.). The proposed model’s speed is recorded slightly lower than other models under
consideration due to adopting two-stage classifiers instead of a single three-class classifier.
However, the slight speed difference in speed can be compromised to attain better accuracy.

6. Discussion

The suggested approach automatically identifies COVID-19 and pneumothorax in
X-ray scans without needing customized feature extraction methods. Experts at treatment
centres can use the proposed methodology to obtain a consultation. It can considerably
reduce clinician effort while also assisting them in making correct diagnoses in their
everyday activities. Since the suggested method saves time (the diagnosis procedure is
quick), professionals may devote their attention to more urgent situations.
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Initially, the model is tested for classifying normal and abnormal scans on a batch
of 144 scans with equal amounts of each classification. The proposed model has been
able to distinguish normal and abnormal chest X-rays with an accuracy of 89.58%. A test
set of 200 scans has been used to test the model’s capability to identify COVID-19 and
pneumothorax, which uses abnormal scans as input. It correctly classified COVID-19 and
pneumothorax with an accuracy of 99.5%. As a result, the accuracy of accurately identifying
normal pictures is 89.58%, while correctly predicting COVID-19 and pneumothorax is 99.5%
of 89.58% or 89.13%.

This work showed that deep learning combined with X-ray scans could identify
important biological indicators linked to COVID-19 and pneumothorax illness. However,
there are certain flaws in this research. Since a unified dataset for this job is still unavailable,
several datasets have been blended to create a single dataset to discriminate between
COVID-19 and pneumothorax. However, we employed DICOM pictures, which is a
standard format. The scans for the two classes may have been conditioned differently
because the goals for both original datasets are separate. A more in-depth investigation
may be carried out if a dataset is created for this specific work, which would considerably
enhance the task and make it more dependable. The presented work can be extended to
other fields, such as the classification of land cover types [47–50].

7. Conclusions

Various pre-trained deep learning models were used in this research to select the
optimum deep learning strategy for differentiating normal from abnormal X-rays and
COVID-19 from pneumothorax. Using the aforementioned dataset, several tests were
carried out to determine which layer is capable of extracting the greatest characteristics
and achieving the best results. Deep networks outperformed other systems in all measures
when it came to identifying normal from abnormal X-rays, as well as COVID-19 and
pneumothorax, especially the proposed model, which was constructed employing transfer
learning by VGG16 and outperformed other models (Resnet50 and InceptionV3) in all
parameters. The classification accuracy, loss, and AUC of normal and abnormal X-rays are
89.58%, 0.25, and 95%, respectively. The classification accuracy, loss, and AUC of COVID-19
and pneumothorax X-rays are 99.5%, 0.01, and 99.5%, respectively. As a result, the accuracy
of accurately identifying normal scans is 89.58%, whereas for forecasting COVID-19 and
pneumothorax is 99.5% of 89.58%, i.e., 89.13%.

Author Contributions: Conceptualization, S.B. and H.S.; methodology, H.S.; software, M.Z.K. and
W.B.; validation, V.A. and P.S.; formal analysis, S.B.; investigation, S.B. and H.S.; resources, M.Z.K.;
data curation, V.A. and P.S.; writing—original draft preparation, S.B. and H.S.; writing—review and
editing, V.A., P.S. and W.B.; visualization, M.Z.K. and W.B.; supervision, S.B.; project administration,
H.S., W.B. and M.K.; funding acquisition, W.B. and M.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are openly available in [42–44].

Acknowledgments: The authors would like to acknowledge the support of Prince Sultan University
for paying the Article Processing Charges (APC) of this publication.

Conflicts of Interest: The authors declare no conflict of interest.



Sensors 2022, 22, 7474 15 of 16

References
1. Alimadadi, A.; Aryal, S.; Manandhar, I.; Munroe, P.B.; Joe, B.; Cheng, X. Artificial intelligence and machine learning to fight

COVID-19. Physiol. Genom. 2020, 52, 200–202. [CrossRef]
2. Wu, F.; Zhao, S.; Yu, B.; Chen, Y.M.; Wang, W.; Song, Z.G.; Hu, Y.; Tao, Z.W.; Tian, J.H.; Pei, Y.Y.; et al. A new coronavirus

associated with human respiratory disease in China. Nature 2020, 579, 265–269. [CrossRef]
3. Chinazzi, M.; Davis, J.T.; Ajelli, M.; Gioannini, C.; Litvinova, M.; Merler, S.; Pastore y Piontti, A.; Mu, K.; Rossi, L.;

Sun, K.; et al. The effect of travel restrictions on the spread of the 2019 novel coronavirus (COVID-19) outbreak. Science 2020,
368, 395–400. [CrossRef]

4. Robson, B. Computers and viral diseases. Preliminary bioinformatics studies on the design of a synthetic vaccine and a
preventative peptidomimetic antagonist against the SARS-CoV-2 (2019-nCoV, COVID-19) coronavirus. Comput. Biol. Med. 2020,
119, 103670. [CrossRef]

5. Zhao, S.; Lin, Q.; Ran, J.; Musa, S.S.; Yang, G.; Wang, W.; Lou, Y.; Gao, D.; Yang, L.; He, D.; et al. Preliminary estimation of the
basic reproduction number of novel coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-driven analysis in the early
phase of the outbreak. Int. J. Infect. Dis. 2020, 92, 214–217. [CrossRef]

6. Batra, S.; Khurana, R.; Khan, M.Z.; Boulila, W.; Koubaa, A.; Srivastava, P. A Pragmatic Ensemble Strategy for Missing Values
Imputation in Health Records. Entropy 2022, 24, 533. [CrossRef]

7. Coronavirus Disease (COVID-19) World Health Organization. Available online: https://www.who.int/emergencies/diseases/
novel-coronavirus-2019 (accessed on 17 June 2021).

8. Pathak, A.; Batra, S.; Sharma, V. An Assessment of the Missing Data Imputation Techniques for COVID-19 Data. In Proceedings
of the 3rd International Conference on Machine Learning, Advances in Computing, Renewable Energy and Communication,
Krishna Engineering College, Ghaziabad, India, 10–11 December 2021; pp. 701–706.

9. Pereira, R.M.; Bertolini, D.; Teixeira, L.O.; Silla Jr, C.N.; Costa, Y.M. COVID-19 identification in chest X-ray images on flat and
hierarchical classification scenarios. Comput. Methods Programs Biomed. 2020, 194, 105532. [CrossRef]

10. Ozturk, T.; Talo, M.; Yildirim, E.A.; Baloglu, U.B.; Yildirim, O.; Acharya, U.R. Automated detection of COVID-19 cases using deep
neural networks with X-ray images. Comput. Biol. Med. 2020, 121, 103792. [CrossRef]

11. Li, J.; Long, X.; Wang, X.; Fang, F.; Lv, X.; Zhang, D.; Sun, Y.; Hu, S.; Lin, Z.; Xiong, N. Radiology indispensable for tracking
COVID-19. Diagn. Interv. Imaging 2021, 102, 69–75. [CrossRef]

12. Schalekamp, S.; Bleeker-Rovers, C.P.; Beenen, L.F.M.; Quarles van Ufford, H.M.E.; Gietema, H.A.; Stöger, J.L.; Harris, V.;
Reijers, M.H.E.; Rahamat-Langendoen, J.; Korevaar, D.A.; et al. Chest CT in the Emergency Department for Diagnosis of
COVID-19 Pneumonia: Dutch Experience. Radiology 2021, 298, E98–E106. [CrossRef]

13. Kato, S.; Ishiwata, Y.; Aoki, R.; Iwasawa, T.; Hagiwara, E.; Ogura, T.; Utsunomiya, D. Imaging of COVID-19: An update of current
evidences. Diagn. Interv. Imaging 2021, 102, 493–500. [CrossRef]

14. Atlam, M.; Torkey, H.; El-Fishawy, N.; Salem, H. Coronavirus disease 2019 (COVID-19): Survival analysis using deep learning
and Cox regression model. Pattern Anal. Appl. 2021, 24, 993–1005. [CrossRef]

15. Al-Masni, M.A.; Al-Antari, M.A.; Park, J.M.; Gi, G.; Kim, T.Y.; Rivera, P.; Valarezo, E.; Choi, M.T.; Han, S.M.; Kim, T.S. Simultaneous
detection and classification of breast masses in digital mammograms via a deep learning YOLO-based CAD system. Comput.
Methods Programs Biomed. 2018, 157, 85–94. [CrossRef]

16. Al-Antari, M.A.; Al-Masni, M.A.; Choi, M.T.; Han, S.M.; Kim, T.S. A fully integrated computer-aided diagnosis system
for digital X-ray mammograms via deep learning detection, segmentation, and classification. Int. J. Med. Informat. 2018,
117, 44–54. [CrossRef]

17. Akdogan, R.E.; Mohammed, T.; Syeda, A.; Jiwa, N.; Ibrahim, O.; Mutneja, R. Pneumothorax in mechanically ventilated patients
with COVID-19 infection. Case Rep. Crit Care 2021, 2021, 6657533. [CrossRef]

18. Hameed, M.; Jamal, W.; Yousaf, M.; Thomas, M.; Haq, I.U.; Ahmed, S.; Ahmad, M.; Khatib, M. Pneumothorax in COVID-19
pneumonia: A case series. Respir. Med. Case Rep. 2020, 31, 101265. [CrossRef]

19. Sihoe, A.D.; Wong, R.H.; Lee, A.T.; Lau, L.S.; Leung, N.Y.; Law, K.I.; Yim, A.P. Severe acute respiratory syndrome complicated by
spontaneous pneumothorax. Chest 2004, 125, 2345–2351. [CrossRef]

20. López Vega, J.M.; Parra Gordo, M.L.; Diez Tascón, A.; Ossaba Vélez, S. Pneumomediastinum and spontaneous pneumothorax as
an extrapulmonary complication of COVID-19 disease. Emerg. Radiol. 2020, 27, 727–730. [CrossRef]

21. Lessmann, N.; Sánchez, C.I.; Beenen, L.; Boulogne, L.H.; Brink, M.; Calli, E.; Charbonnier, J.P.; Dofferhoff, T.; van Everdingen, W.M.;
Gerke, P.K.; et al. Automated Assessment of COVID-19 Reporting and Data System and Chest CT Severity Scores in Patients
Suspected of Having COVID-19 Using Artificial Intelligence. Radiology 2021, 298, E18–E28. [CrossRef]

22. Karpiel, I.; Starcevic, A.; Urzeniczok, M. Database and AI Diagnostic Tools Improve Understanding of Lung Damage, Correlation
of Pulmonary Disease and Brain Damage in COVID-19. Sensors 2022, 22, 6312. [CrossRef]

23. Kuo, K.M.; Talley, P.C.; Chang, C.S. The accuracy of machine learning approaches using non-image data for the prediction of
COVID-19: A meta-analysis. Int. J. Med. Inf. 2022, 164, 104791. [CrossRef]

24. Fusco, R.; Grassi, R.; Granata, V.; Setola, S.V.; Grassi, F.; Cozzi, D.; Pecori, B.; Izzo, F.; Petrillo, A. Artificial Intelligence and
COVID-19 Using Chest CT Scan and Chest X-ray Images: Machine Learning and Deep Learning Approaches for Diagnosis and
Treatment. J. Pers. Med. 2021, 11, 993. [CrossRef]

http://doi.org/10.1152/physiolgenomics.00029.2020
http://doi.org/10.1038/s41586-020-2008-3
http://doi.org/10.1126/science.aba9757
http://doi.org/10.1016/j.compbiomed.2020.103670
http://doi.org/10.1016/j.ijid.2020.01.050
http://doi.org/10.3390/e24040533
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1016/j.cmpb.2020.105532
http://doi.org/10.1016/j.compbiomed.2020.103792
http://doi.org/10.1016/j.diii.2020.11.008
http://doi.org/10.1148/radiol.2020203465
http://doi.org/10.1016/j.diii.2021.05.006
http://doi.org/10.1007/s10044-021-00958-0
http://doi.org/10.1016/j.cmpb.2018.01.017
http://doi.org/10.1016/j.ijmedinf.2018.06.003
http://doi.org/10.1155/2021/6657533
http://doi.org/10.1016/j.rmcr.2020.101265
http://doi.org/10.1378/chest.125.6.2345
http://doi.org/10.1007/s10140-020-01806-0
http://doi.org/10.1148/radiol.2020202439
http://doi.org/10.3390/s22166312
http://doi.org/10.1016/j.ijmedinf.2022.104791
http://doi.org/10.3390/jpm11100993


Sensors 2022, 22, 7474 16 of 16

25. Oh, Y.; Park, S.; Ye, J.C. Deep learning COVID-19 features on CXR using limited training data sets. IEEE Trans. Med. Imaging 2020,
39, 2688–2700. [CrossRef]

26. Fan, D.P.; Zhou, T.; Ji, G.P.; Zhou, Y.; Chen, G.; Fu, H.; Shen, J.; Shao, L. Inf-net: Automatic covid-19 lung infection segmentation
from ct images. IEEE Trans. Med. Imaging 2020, 39, 2626–2637. [CrossRef]

27. Wang, L.; Lin, Z.Q.; Wong, A. Covid-net: A tailored deep convolutional neural network design for detection of covid-19 cases
from chest X-ray images. Sci. Rep. 2020, 10, 19549. [CrossRef]

28. Hemdan, E.E.D.; Shouman, M.A.; Karar, M.E. Covidx-net: A framework of deep learning classifiers to diagnose covid-19 in x-ray
images. arXiv 2020, arXiv:2003.11055.

29. Apostolopoulos, I.D.; Mpesiana, T.A. Covid-19: Automatic detection from x-ray images utilizing transfer learning with convolu-
tional neural networks. Phys. Eng. Sci. Med. 2020, 43, 635–640. [CrossRef]

30. Ahuja, S.; Panigrahi, B.K.; Dey, N.; Rajinikanth, V.; Gandhi, T.K. Deep transfer learning-based automated detection of COVID-19
from lung CT scan slices. Appl. Intell. 2021, 51, 571–585. [CrossRef]

31. Khan, A.I.; Shah, J.L.; Bhat, M.M. CoroNet: A deep neural network for detection and diagnosis of COVID-19 from chest X-ray
images. Comput. Methods Programs Biomed. 2020, 196, 105581. [CrossRef]

32. Narin, A.; Kaya, C.; Pamuk, Z. Automatic detection of coronavirus disease (COVID-19) using X-ray images and deep convolutional
neural networks. Pattern Anal. Appl. 2021, 24, 1207–1220. [CrossRef]

33. Mohamadou, Y.; Halidou, A.; Kapen, P.T. A review of mathematical modeling, artificial intelligence and datasets used in the
study, prediction and management of COVID-19. Appl. Intell. 2020, 50, 3913–3925. [CrossRef]

34. Al-kahtani, M.S.; Khan, F.; Taekeun, W. Application of Internet of Things and Sensors in Healthcare. Sensors 2022,
22, 5738. [CrossRef]

35. Shoeibi, A.; Khodatars, M.; Alizadehsani, R.; Ghassemi, N.; Jafari, M.; Moridian, P.; Khadem, A.; Sadeghi, D.; Hussain, S.;
Zare, A.; et al. Automated detection and forecasting of covid-19 using deep learning techniques: A review. arXiv 2020,
arXiv:2007.10785.

36. Al-Antari, M.A.; Han, S.M.; Kim, T.S. Evaluation of deep learning detection and classification towards computer-aided diagnosis
of breast lesions in digital X-ray mammograms. Comput. Methods Programs Biomed. 2020, 196, 105584. [CrossRef]

37. Yang, F.; Shi, S.; Zhu, J.; Shi, J.; Dai, K.; Chen, X. Analysis of 92 deceased patients with COVID-19. J. Med. Virol. 2020,
92, 2511–2515. [CrossRef]

38. McGuinness, G.; Zhan, C.; Rosenberg, N.; Azour, L.; Wickstrom, M.; Mason, D.M.; Thomas, K.M.; Moore, W.H. High incidence of
barotrauma in patients with COVID-19 infection on invasive mechanical ventilation. Radiology 2020, 297, E252–E262. [CrossRef]

39. Martinelli, A.W.; Ingle, T.; Newman, J.; Nadeem, I.; Jackson, K.; Lane, N.D.; Melhorn, J.; Davies, H.E.; Rostron, A.J.; Adeni, A.; et al.
COVID-19 and pneumothorax: A multicentre retrospective case series. Eur. Respir. J. 2020, 56, 2002697. [CrossRef]

40. Deng, J.; Dong, W.; Socher, R.; Li, L.J.; Li, K.; Fei-Fei, L. Imagenet: A Large-Scale Hierarchical Image Database. In Proceedings of
the IEEE Conference on Computer Vision and Pattern Recognition, Miami, FL, USA, 20–25 June 2009; pp. 248–255.

41. Pham, T.D. A comprehensive study on classification of COVID-19 on computed tomography with pretrained convolutional
neural networks. Sci. Rep. 2020, 10, 16942. [CrossRef]

42. Wang, X.; Peng, Y.; Lu, L.; Lu, Z.; Bagheri, M.; Summers, R.M. Chestx-ray8: Hospital-Scale Chest X-Ray Database and Benchmarks
on Weakly-Supervised Classification and Localization of Common Thorax Diseases. In Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, Honolulu, HI, USA, 21–26 July 2017; pp. 2097–2106.

43. SIIM-ACR Pneumothorax Segmentation. Available online: https://www.kaggle.com/c/siim-acr-pneumothorax-segmentation
(accessed on 17 June 2021).

44. Soda, P.; D’Amico, N.C.; Tessadori, J.; Valbusa, G.; Guarrasi, V.; Bortolotto, C.; Akbar, M.U.; Sicilia, R.; Cordelli, E.; Fazzini, D.; et al.
AIforCOVID: Predicting the clinical outcomes in patients with COVID-19 applying AI to chest-X-rays. An Italian multicentre
study. Med. Image Anal. 2021, 74, 102216. [CrossRef]

45. Kermany, D.S.; Goldbaum, M.; Cai, W.; Valentim, C.C.; Liang, H.; Baxter, S.L.; McKeown, A.; Yang, G.; Wu, X.; Yan, F.; et al.
Identifying medical diagnoses and treatable diseases by image-based deep learning. Cell 2018, 172, 1122–1131. [CrossRef]

46. Howard, A.G.; Zhu, M.; Chen, B.; Kalenichenko, D.; Wang, W.; Weyand, T.; Andreetto, M.; Adam, H. Mobilenets: Efficient
convolutional neural networks for mobile vision applications. arXiv 2017, arXiv:1704.04861.

47. Boulila, W.; Farah, I.R.; Ettabaa, K.S.; Solaiman, B.; Ghézala, H.B. October. Improving spatiotemporal change detection: A high
level fusion approach for discovering uncertain knowledge from satellite image databases. ICDM 2009, 9, 222–227.

48. Boulila, W.; Farah, I.R.; Ettabaa, K.S.; Solaiman, B.; Ghézala, H.B. Spatio-Temporal Modeling for Knowledge Discovery in Satellite
Image Databases. CORIA 2010, 35–49.

49. Ferchichi, A.; Boulila, W.; Farah, I.R. Propagating aleatory and epistemic uncertainty in land cover change prediction process.
Ecol. Inform. 2017, 37, 24–37. [CrossRef]

50. Boulila, W.; Ayadi, Z.; Farah, I.R. Sensitivity analysis approach to model epistemic and aleatory imperfection: Application to
Land Cover Change prediction model. J. Comput. Sci. 2017, 23, 58–70. [CrossRef]

http://doi.org/10.1109/TMI.2020.2993291
http://doi.org/10.1109/TMI.2020.2996645
http://doi.org/10.1038/s41598-020-76550-z
http://doi.org/10.1007/s13246-020-00865-4
http://doi.org/10.1007/s10489-020-01826-w
http://doi.org/10.1016/j.cmpb.2020.105581
http://doi.org/10.1007/s10044-021-00984-y
http://doi.org/10.1007/s10489-020-01770-9
http://doi.org/10.3390/s22155738
http://doi.org/10.1016/j.cmpb.2020.105584
http://doi.org/10.1002/jmv.25891
http://doi.org/10.1148/radiol.2020202352
http://doi.org/10.1183/13993003.02697-2020
http://doi.org/10.1038/s41598-020-74164-z
https://www.kaggle.com/c/siim-acr-pneumothorax-segmentation
http://doi.org/10.1016/j.media.2021.102216
http://doi.org/10.1016/j.cell.2018.02.010
http://doi.org/10.1016/j.ecoinf.2016.11.006
http://doi.org/10.1016/j.jocs.2017.10.006

	Introduction 
	Related Work 
	Motivation 
	Proposed Model 
	Pre-Processing Model 
	Pre-Trained Model 
	Interim Model #1 
	Outcome Model #1 
	Interim Model #2 
	Outcome Model #2 

	Experimental and Results Section 
	Dataset 
	Performance Evaluation Metrics 
	Environmental Setup 
	Results 
	Model Forecasting Normal/Abnormal 
	Model Forecasting COVID-19/Pneumothorax 
	Comparison with Existing Classifiers 


	Discussion 
	Conclusions 
	References

