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ARTICLE INFORMATION ABSTRACT

The target of the research is to evaluate the performance of
convolutional neural network architectures for medical image
classification and artificial neural network for future prediction. Our
focus is to create a generalized model from our own dataset by
collecting it from different sources. We have also represented an
artificial neural network (ANN) model which can estimate and forecast
Keywords expansion of COVID-19 in a region based on several parameters. The
outbreak prediction model worked with the accuracy of 98%. For CNN,
system demonstrates an accuracy of 99.4%. Although, our system still
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Convolutional Neural Network has the scope to further improvement when more COVID-19 images
Artificial Neural Network become available. Our proposed model can be used for fast and reliable
Data Engineering identification of COVID-19 from patient’s chest X-rays. Primary health

workers in remote places where the proper diagnostic laboratory and
expert doctor are not available, can use our automatic COVID-19
detection system. In addition to that, our ANN model can predict the
future outbreak of COVID-19 for a country which can help any country
to take precaution according to it.

1. Introduction proportionate to a 0.28% crude mortality rate or 279
deaths per 100,000 populations, or in other words 1
death every 358 people. The Crude Mortality Rate
continued to arise as time passed [4]. Considering the
present pandemic situation, it becomes crucial to
uniquely identify the patients. And fortunately there is
relationship between the classification of COVID-19
cases and chest X-ray image analysis. In this work, an
automatic diagnostic system has been developed using
CNN which uses chest X-ray to predict whether a
person is COVID-19-affected or normal. This research
work has shown excellent performance in terms of its
Since 31 December 2019, 53,51,43,050 cases of accuracy and other evaluating parameters to define the
COVID-19 have been announced, among them infected one in easily manner and within short period of
depressingly 63,28,694 is losing of life case [3]. As per ~ time. If the proposed CNN model results in a good
the news report of May 1, 2020 around 23,430 Covid accuracy and validated with real data, it will be a
patients have died out in New York City. This milestone in the field of telemedicine [5].

COVID-19 is a dreadful contagious disease. The
mortality rate due to this disease is not too high, yet its
expansion rate is very rapid. This severe disease
definitely results in death as no effective medicine has
been invented. However, a lot of variations of the virus
have already been discovered [1]. Although because of
the great efforts of the scientists, diagnosis has become
relatively swift, in spite of that there is financial issues
arising from the cost of diagnostic tests — which is
crucial, especially developing countries [2].
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To construct public health policies and decisions it is
essential to acknowledge Coronavirus  spread
information. These forecast models use different
features such as age, hospitalization rates, morality,
gender etc. to give an idea how the virus may outbreak
in the future. This information is crucial for
governments as well as people to fight against this
pandemic. In our research work, we have incorporated
the COVID-19 outbreak prediction along with its
detection. The joint approach will be a new milestone to
fight against this deadly disease.

2. Literature Review

The approaches can be classified into two category-
manual detection and computer vision-based detection.
There has been a lot of prior research with the models,
and Convolutional Neural Networks have a far higher
level of accuracy. From literature review we can say
that, maximum researchers use different type of deep
learning methods [6-10]. Some use Swab-based
Reverse Transcription Polymerase Chain Reaction (RT-
PCR) test, Blood sample-based antibody test and
Transfer learning [11-14]. The accuracy level remains
high even if the target is changed.

The following table summarizes the overall
performance of different models-

Table 1: The models and the accuracy level.

Model Accuracy

CNN-LSTM 99.4%
Fusion of CNN model 98.93%
Simple CNN 98.28%
Chanaal boasting 97.43%
R-CNN 97.36%
J48 ALGORITHM 97.18%
PDCOVIDNet 96.58%
HOG 96.47%
Hybrid System 95.2%
Covid GAN 95%

We can see that, the model with the best performance is
CNN-LSTM, because we get the best accuracy which is
99.4% out of it, the second-best performance holder is
Fusion of CNN model having accuracy of 98.93% [15-
20].

We see that, most of the model works with optimal
accuracy but are not generalized model. To deploy any
artificial system in real situation, it should be
generalized. In our work we aim to build a generalized
model by tuning its parameters.
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3. Methodology

The convolutional neural network (CNN), a class of
artificial neural networks that has been a well-reasoned
method for computer vision tasks as it has shown
surprising result on the object recognition competition,
pattern recognition and image analysis.

Concept of CNN:

CNN uses a special technique called Convolution. CNN
is a type of deep learning model especially effective
while dealing with grid type data such as image, which
operate based on feature extraction and designed to
generate automatically feature map, that assists to
recognize patterns latter. Any complex CNN
architecture can be decomposed into three fundamental
layers: convolution, pooling, and fully connected layers.

In simpler word, an artificial neuron network (neural
network) is just reassembles human nerve system and
work in the similar way like human brain [19]. A neural
network is nothing more than a large collection of
artificial neurons, which technically arranged in a
sequence of layers.

The basic blocks of any artificial Neural Network is
three layers: Input Layer, Hidden Layer, and Output
Layer

Our Proposed Model:

Input layer

Output Layer

-

Architecture of our Model

Figure 1: Architecture of our Model-1 (CNN)

In our model-1 there is one input layer, one
Convolutional layer, one maxpoling layer and one
flatten layer. In our output section there are two neurons
by which we get two results- one is Covid and another
is non Covid. In input section we take an input image of
size 100X100 and in Convolutional layer we convolve it
with filter of size 3X3. After that in maxpoling section,
we maypole it with kernel (size 2X2). Next, we pass it
through flatten layer in which image size is converted
into 1568X225. Finally at the output section we get two
output results tracking Covid positive or negative.
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Figure 2: Architecture of our Model-2 (ANN).

In our model-2 we take 7 neurons in input layer. In 1st
hidden layer we take 28 neurons and in 2nd hidden layer
we take 14 input neurons respectively. Finally, we get
an output through a single neuron. Different parameters
of the proposed model are summarized as follows-

Table 2: Different Parameters.

Parameter Name Parameter Value
Total Number of Rows 10000
Epochs Number 200
Number of Layer 2
Number of Features 9

4. Data Collection

Typically, the most challenging part of the whole
process is to collect significant data relevant to the
project. During the COVID-19 pandemic situation it
was impossible for us to collect data from field that’s
why we had to collect the dataset from online sources
and combine them into a suitable on after performing
data engineering on it. The datasetsexert in our
experiment are classified into two categories- image
data and text data.

Primarily, an ingathering of 7232 X-ray images
inclusively 3616 images with verified COVID-
19 infection and 3616 images of normal conditions was
used to train and validate our CNN model.

?lﬂ

1y .

Figure 3: Some sample images of dataset-1

We gather the data from Kaggle. There are 112458 data
of 100 countries. The format of dataset is csv, where
each column represents a features and attributes about
the states affected by Covid.
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Figure 4: Collected Dataset-2

Data Preprocessing

Data Cleaning: Data cleaning is emergent move if we
want to evaluate more perfectly. It is more like
eliminating defective data. It has main 4 steps:

1. Remove similar observations

2. Fix structural errors

3. Handle missing data

4. Replacing with Mean/Median/Mode

Data Scaling:

We use mainly two kinds of data scaling in this research
work: 1. Normalization 2. Standarzation.

Data Normalization:

We can define normalization by rescaling of the data
from the original range which enable us to accurately
estimate the minimum and maximum observable values.

The formula of normalization as follows:
N=(b - Minimum) / (maximum - minimum).............. (1)

Where the minimum and maximum values related to the
value b being normalized.

Data Standardization

Standardizing can be achieved by rescaling the
distribution of values which ensure that the mean must
be 0 and the standard deviation 1. Standardization
needed for accurately calculation of the mean and
standard deviation of observable values.

The cue to count standardized of a value as follows:

73



Journal of Engineering and Applied Science Vol. 07, No. 01, pp. 71-79, December 2023

y = (X - mean) / standard-deviation .......................(2)
Where the mean is determined as:
Mean = sum(x) / count(X)... ... ccocee e eeevvee e (3)

Image Resizing

“numpy.resize (a, new_shape) “is a python function
that Return a new array with the specified shape. It can
be found in PIL which is the Python Imaging Library
that provides us the facility of image editing. Along
with that, some other amenability takes an example of
factory functions to load images from files, and to create
new images. Image and Resize () Returns a resized copy
of this image.

5. Model Evaluation
Covid-19 Detection Model

We trained our model using simple CNN. In the dataset
the test train split was kept 8:2. At last we get training
accuracy 99% and testing accuracy 95%. After fine
tuning our model with different hyper parameters we
measure F1 score, precision, accuracy and recall to see
the performance of our model. Figure 5 shows
confusion matrix of our model with testing data. From
this confusion matrix precision, recall, Accuracy etc.
are calculated.

Normal

Actual

Covid

Normal Covid

Prediction
Figure 5: Confusion matrix for Covid-19 detection.
From the confusion matrix we can say that,

True Positive (TP) = 48
False Positive (FP) =5
True Negative (TN) =45
False Negative (FN) = 2

Accuracy: Accuracy yields the number of correctly
predicted data out of total amount of data.

Accuracy =
(TP+TN)/(TP+TN+FT+FN) ..o v e (4)
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Precision: Precision can be measure from total number
of positively predictive data out of total amount of data
in a dataset.

Precision =TP/(TP+FP)......cc.ccove v (5)

Recall: Recall in other word called sensitivity or true
positive rate. Good classifier must have recall 1.

Recall = TRP/(TP+FN)....c.ccovvi v v v v (6)

F1 score: F1 score can be found from the mean of
precision and recall. It is a better way to measure
accuracy. F1 score is defined as follows-

F1 score=
2*((precision*recall)/ (precision + recall)...............(7)

In our case,

Accuracy = (48 + 45)/ (48 + 5+ 2 +45) = 0.95 or 95%.
Precision = 48/ (5+48) = 0.9 or 90%.

Recall = 48/ (48+ 2) = 0.93 or 93%.

F1 Score = 2* (0.9* 0.93)/ (0.9+ 0.93) = 0.96 or 96%.

Table 3: Performance evaluation of the proposed model.

Parameter Value

Training accuracy 95%
F1 score 96%
Precession 93%
Recall 90%

Model Efficiency in Terms of Different Parameters

For any computer vision model, the efficiency changes
with different parameters like learning rate filter size,
total number of filters, total number of images, total
number of layers etc. So, we need to perform
experiments by varying the values of different
parameters and track the best value.

Figure 6 shows the testing accuracy. At first when we
increase iteration the accuracy also increases. Then
after a certain point it started to decrease. When X label
value is ‘30° Y label value is the highest which ‘93%’.
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Figure 6: Iteration Vs testing accuracy graph.

Figure 7 depicts the accuracy and iteration relationship.
But, for figure 7 accuracy means accuracy for training
data. In the graph, we found that at the beginning the
accuracy increased with iteration. When the accuracy
reached at highest point, then it became almost
constant.
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Figure 7: Iteration vs. Training accuracy graph.

From figure 8 we are able to understand, how accuracy
change with the size of filters. For figure 8 accuracy
means testing accuracy. At first when we increase filter
size, the accuracy increased. Then after a certain point it
started to decrease. When X label value is ‘3X3” and Y
label value is highest which is ‘91%’.

Model Perfromance(Size of filter)

Accuracy
5
§
¥

7% 8%
8%

Filter size

Figure 8: Filter Size vs. Accuracy graph.

Figure 9 is a graph of our achieved accuracy at different
number of filters used in different layers of our model.
When the number of filters increased, the model can

able to extract feature more accurately from image data.
As a result, accuracy increased with the increment of
number of filters in each layer. We achieved the highest
accuracy 93% when x label value is 90.

Model perfromance(Number of Filter)

o
e "
[ o [ [
£ o
5% e

m I
i
o
. I

s ¥ 4 § ] n ) ] ¥

Number of Filter

Accuracy

Figure 9: Total number of filters vs. accuracy graph.

In figure 10 we can see, how accuracy changes with
total number of images. For figure 10, accuracy means
testing accuracy. Total Number of images of a dataset
can affect the accuracy. If we have very small number
of datasets, it is difficult to have an efficient accuracy.
Because, at first when we increased total number of
images, the accuracy also increased. Then after a certain
point it started to decrease. So, total number of images
in a dataset becomes a crucial parameter. For 10,000
images we will get the highest accuracy which is 93%.
10,000 images are enough for the dataset with respect to
our model.

Model perfromance (Total number of image)
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5% 92.30%

Accuracy
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Figure 10: Total number of images in the dataset vs accuracy
graph.

Figure 11 is a graph of our model accuracy for different
number of layers in our model. At first, we build our
model with one convolution layer and one maxpooling
layer- that means total two layers. There was enough
number of layers in our model. But we still tried to raise
the number of layers more than we needed to get the
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effects and our validation accuracy fall down gradually
in every iteration. The highest accuracy 95%.

Model perfromance
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1 2 3 4 5
Convolution and max pooling layer

Figure 11: Total number of layers vs accuracy graph.

Now we are going to summarize how accuracy changes
with the change of different parameters in a nutshell.
Table iv shows the best value of the different
parameters that we kept to fine tune our model in terms
of highest accuracy.

Table 4: Different parameters of our model.

Parameter Best Value Highest Accuracy
Learning rate 30 93%
Filter size 3X3 91%
Total number of filters 90 95%
Total number of images 10,000 95%
Total number of layers 1 95%

Covid-19 Outbreak Prediction Model

We trained our model using simple neural network. The
dataset was comprised of 70% training data 30% testing
data. At last, we obtained training accuracy 97% and
validation accuracy 96%. We also measured F1 score,
precision, accuracy and recall from confusion matrix to
see the performance of our proposed model. Figure 12
shows confusion matrix for of our model testing data.

20

Mo Risk

Actual

Risk

No Risk Risk
Prediction

Figure 12: Confusion matrix for outbreak detection.
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From the confusion matrix we can say that,

True positive=86
False positive=20
True negative=2.8*10°
False negative=66

For proposed model,

Accuracy = (66+2.8*10%/ (86 +20+ 2.8*10° + 66) =
0.96 or 96 %. (From equation-4)

Precision = (86)/ (20+86) = 0.97 or 97 %. (From
equation-5)

Recall =86/ (86+ 66) = 0.81 or 81 %. (From equation-6)

F1 Score =2* (0.97 * 0.81)/ (0.97 + 0.81) = 0.88 or 88
%. (From equation-7)

Table 5: Performance evaluation of outbreak prediction

model.
Parameter Value
Training accuracy 96%
F1 score 88%
Precession 97%
Recall 81%

Table-5 shows the efficiency of our proposed model.
Model Efficiency in Terms of Different Parameters

For any Artificial Neural Network (ANN) different
parameters like Learning rate, Total number of neurons,
Total number of features, Total number of data, Total
number of layers plays an important role on accuracy.
We are going to discuss the effects of these parameters
in the following section.
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Figure 13: Iteration Vs accuracy graph.

In figure 13 we can see, how accuracy changes for
iteration. For figure 13 accuracy means testing
accuracy. lteration also called learning rate. Choosing
the perfect learning rate is very challenging. At first
when we increased iteration the accuracy started to
increase. Then after a certain point it started to decrease.
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When X label value is ‘50° Y label value is highest
which is ‘97%’. After 50 iteration we got the highest
accuracy which is 97%.
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Figure 14: Total number of data vs accuracy graph.

Figure 14 is a pictorial narration of how accuracy
changes with total number of data change. For figure 14
accuracy means testing accuracy. Total number of rows
in a dataset can affect the accuracy. If we have very
small number of datasets, it is difficult to have an
efficient accuracy. Normally accuracy increased when
number of rows in the dataset was increased. But in our
case when we increased total number of rows the
accuracy decreased. When X label value lowest which
is 10,000. Y label value is highest which is ‘97%’. For
10,000 data we got the highest accuracy which is 97%.
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Figure 15: Number of layers vs accuracy graph.

Figure 15 is a graph of our gained accuracy at different
number of layers in our model. Initially there were 2
layers in our model. There is the enough number of
layers in our model. But we try to raise the number of
layers much more than needed and our validation
accuracy fall down. We got the highest accuracy 97%
when x label value is lowest which is ‘2°.

Figure 16 represents a graph that describes how
accuracy changes with the number of features we take.

In this case, accuracy means testing accuracy. Feature
means how many columns we take as input and these
columns provide specific information about output.
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Figure 16: Total number of features vs accuracy graph.

When we increased total number of inputs, the model
has more information about the output. So, the accuracy
improved with the increment of number of features.
When X label value is at peaked point ‘9’, we gain the
highest accuracy which is 93%. Model efficiency can be
enhanced by raising the number of inputs for a model.
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Figure 17: Total number of neurons vs accuracy graph.

Figure 17 shows how accuracy changes when total
number of neurons change. For 17 figures accuracy
means testing accuracy. Neuron represents small
individual units of layers. When we increased total
number of neurons of our model, then the complexity of
hidden layer also increased. As a result, efficiency
increased with the rise of total number of neurons. In
figure 16 when X label value is highest (72), Y label
value have also reached at highest position (‘99 %’). So
we can say that, Accuracy increases with the increment
of total amount of neurons.

Now we look forward to summarize the change in
accuracy with the change of different parameters. Table
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6 shows the parameters of our model that we needed to
update to fine tune our model.

Table 6: Different parameters of our model.

Parameter Best Value Highest Accuracy|
Learning rate 50 97%
Total number of neurons 72 99%
Total number of features 7 97%
Total number of data 10,000 97%
Total number of layers 2 97%

6. Conclusion

The necessity for automatic diagnostic process is at the
peak now as there are no effective manual toolkits
found economical. Our focus is to detect COVID-19
automatically using Al. In our research paper, a model
using simple CNN (Convolutional Neural Network) for
the detection of COVID-19 infected person from their
chest X-ray is illustrated. We were able to gain a
training accuracy of 99.4% and testing accuracy of 95%.

We also tried to invent a model that can foretell future
outbreak of COVID-19 for a country. Our model is
based on Artificial Neural Network. Future risk analysis
model achieved testing accuracy 98% and testing
accuracy 97% -which is optimum. Since our model has
been trained and tested on the data obtained from online
sources, still it needs to be checked with manually
driven real data.
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