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Abstract:

Today, the new coronavirus (Covid-19) has become a major global epidemic. Every
day, a large proportion of the world's population is infected with the Covid-19 virus,
and a significant proportion of those infected dies as a result of this virus. Because of
the virus's infectious nature, prompt diagnosis, treatment, and quarantine are
considered critical. In this paper, an automated method for detecting Covid-19 from
chest X-ray images based on deep learning networks is presented. For the proposed
deep learning network, a combination of convolutional neural networks with type-2
fuzzy activation function is used to deal with noise and uncertainty. In this study,
Generative Adversarial Networks (GANs) were also used for data augmentation.
Furthermore, the proposed network is resistant to Gaussian noise up to 10 dB. The
final accuracy for the classification of the first scenario (healthy and Covid-19) and
the second scenario (healthy, Pneumonia and Covid-19) is about 99% and 95%,
respectively. In addition, the results of the proposed method in terms of accuracy,
precision, sensitivity, and specificity in comparison with recent research are
promising. For example, the proposed method for classifying the first scenario has
100% and 99% sensitivity and specificity, respectively. In the field of medical
application, the proposed method can be used as a physician's assistant during patient
treatment.

Keywords: ovid-19, Type 2 fuzzy sets, Convolutional neural network, Chest X-ray
images.
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Activation .8'2e of . Number .
L Layer type function Output Shape f;)l(t)%rl ?nngd Strides of filters padding
0-1 Convolution2-D Fuzzy (None, 16, 224,224) 128x128 1 16 yes
1-2 Max-Pooling2-D - (None, 16, 112,112) 2x%2 2 - no
2-3 Convolution2-D Fuzzy (None, 32,112,112) 3x3 1 32 yes
3-4 Max-Pooling2-D - (None, 32, 56, 56) 2x%2 2 - no
4-5 Convolution2-D Fuzzy (None, 64, 56, 56) 3x%3 1 64 yes
5-6 Max-Pooling2-D - (None, 64, 28, 28) 2x2 2 - no
6-7 Convolution2-D Fuzzy (None, 64, 28, 28) 3x3 1 64 yes
7-8 Max-Pooling2-D - (None, 64, 14, 14) 2x%2 2 - no
8-9 Convolution2-D Fuzzy (None, 64, 14, 14) 3x3 1 64 yes
9-10 Max-Pooling2-D - (None, 64,7, 7) 2x2 2 - no
10-11 Convolution2-D Fuzzy (None, 64,7, 7) 3x3 1 64 yes
11-12 Max-Pooling2-D - (None, 64, 3, 3) 2x%2 2 - no
10-11 Convolution2-D Fuzzy (None, 3,3, 3) 3x3 1 3 yes
11-12 Max-Pooling2-D - (None, 3,1, 1) 2x%2 2 no
13-14 Flatten - (None, 3) - - - -
14-15 Softmax - (None, 3) - - - -
$olgiy 83 )3 s ARl g sla el 1K) g
Parameter Search space Optimal value
. RMSProp, Adam, Sgd, Adamax,
Optimizer Adadelta RMSProp
Cost function MSE, MAE, Cross-entropy MSE
Number of Convolution layers 3,5,7,10,15 7
Number of Filters in the first convolution layer 16, 32, 64, 128 16
Number of Filters in the second convolution layer 16, 32, 64, 128 32
Number of Filters in the third convolution layer 16, 32, 64, 128 64
Number of Filters in the fourth convolution layer 16, 32, 64, 128 64
Number of Filters in the fifth convolution layer 16, 32, 64, 128 64
Number of Filters in the SIXTH convolution layer 16, 32, 64, 128 64
Size of filter in the first convolution layer (3.3) (161(?)28(31222)2) (64.64), (128,128)
Size of filter in another convolution layers 3.3) (161(?)28(31222)2 ). (64.64), (3,3
Dropout rate 0,0.2,0.3,04,0.5 0.3
Batch size 4,8, 10, 16, 32, 64 10
learning rate 0.01, 0.001,0.0001 0.0001
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Khalifa et al. [18] Private 2 99 - -
Chuchan et al. [17] Public 3 96.39 - -
Stephen et al. [19] Public 2 95 - -
Liang et al. [20] Public 2 90 - -
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Ardakani et al. [23] Private 2 99.02 98.04 100
Narin et al. [15] Public 2 98 - -
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