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1 “input” 224 x 224 x 3 images

2 “conv_1" 64 3 x 3 x 3 convolutions with stride [11] and padding
“same”

3 “BN_1" Batch normalization

4 “relu_1” ReLU

5 “pool 1" 2 x 2 max pooling with stride [22] and padding [0 0 0 0]

6 “conv_2" 32 3 x 3 x 8 convolutions with stride [11] and padding
“same”

7 “BN_2” Batch normalization

8 “relu 2" ReLU

9 “pool 2" 2 x 2 max pooling with stride [22] and padding [0 0 0 0]

10  “conv 3" 16 3 x 3 x 16 convolutions with stride [11] and padding
“same”

11 “BN_3" Batch normalization

12 “relu_3” ReLU

13 “conv 4" Eight 3 x 3 x 16 convolutions with stride [11] and padding
“same”

14 “BN_4" Batch normalization

15 “relu_4” ReLU

16 “conv_ 5" Four 3 x 3 x 16 convolutions with stride [1 1] and padding
“same”

17  “BN5” Batch normalization

18 “relu 5" ReLU

19  “fe” Five fully-connected layers

20  “softmax” Softmax

21 “Classification”  crossentropyex with “0” and nine other classes
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.RESNET101, VGG16, VGG19
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Accuracy (%)

Method: SVM ResNet18 ResNet50 ResNet101 VGG16 VGG19 Average
Linear Kernel 86.3 94.7 88.4 89.5 88.4 89.5
Quadratic Kernel 87.4 91.6 89.5 89.5 87.4 89.1
Cubic Kernel 89.5 90.5 91.6 90.5 89.5 90.3
Gaussian Kernel 86.3 93.7 88.4 89.5 87.4 89.1
Average 87.4 92.6 89.5 89.8 88.1
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Method

Accuracy (%)

ResNet50 Features + SVM
Fine-tuning of ResNet50
End-to-end training of CNN
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92.6
91.6

[5]h7nnn nixxin - 2 n720

61



nndon nTIay NNIN9nN NU'0NA"IRN

CNN-RNN ninwn niyxnxa ni'nx" niynn anro 4.2
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TIN NYX2NN DY NNA NIAIM 178 NINYA NIy DN NINYY 79 0121Y 0110 |12
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D''N19 D"11'Y 190N DY LSTM NII0j70IKR 7V 001ann NIWI WA XN 7w 210 DN

(XN M2 M9 TN 70N DR WM DNIMRN

AXIN NN .NIRWI NI2DY DY N'XI71211 NINYY 7Y 112NN TYSwn DX NI pnnn
TX7 ,ANNA100'0 1MV 7Y oolanw CLAHEN DNMa7xa win'y 77150 namn 1y 3'7nn
NIYXNNA NAUNNN INIT DY TTINNN WK 107'9 — XNKA 10N 210N 107'91 win'y

MINY X7 0'Ynioo01vw

NTNN N 7w CT1 a0 ninimn 160005 7w 77122 yT'n Nakn 7y 00ann nnn
77Tmn .NIXM NPT 07101 NNIRA 071N ,0'RN] D'WIR — NIRnn 37 P72innn
?1'T7 93.37% ,An1'a D210 DMYIXTAN NNYY ARAN resnetl52 + GRU nwn 2 27wnin

.(sensitivity) 93.47%! ,(precision) 93.73% ,(Accuarcy)
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99.5% ,(Accuarcy) 98.5% 7w pI*T 7y NIT'YN 7NN2 NINNTAN NIXXINN

.(precision) 98.43%:! ,(specificity)

, 0NN NWN7 V77N NATH DNV NFTIN'Y NN TIA'Y NO'Y AN [25] YW qon pnn
YT'NMNY NNINN X' IT NIMN TIAY NO'W MNIRA TAN [I'van .ROI extraction Nnapnn
N2 K71 [AXY NIXM K¥N1 AR NI7NN 210 1IAY V7PN NAINNA NI NIYAYNN
,NTNN N'2 JIN2 AXRIN NI7I22 DX DNTAN N'Y0INA0 7W 1'70N NIYXNAKRA L1710 NThN
D'2'UNIINI'X DI'RY DITR NAINNNNA ZNINI NI TPANN DTPAN TR )'70n
002 .0'YYIN 21 NI TRINA XIN DAN1N DY 7R DIITA YT 7D NRIMNN Aoy

.NNAI0Oo'N [I'YI "1I'XN q07'9 NIY¥NXa Qo1 D'T/M TIA'Y YXIAN N7 Zhna

ROI Extraction

s ] : 2 .
R B
A ‘ Q

Input Chest X-ray Enhancement ROI Extraction

Input Chest X-ray Enhancement
- -

.[25] nixn 1nT7 ROI DNMA7X win'w - 27 WX

['2 NIINNN A'0A PIMTN NIX [NIA PNNN L0770 NIRINN 7Y 0 TPnn TN NU'Y Ta'Mm
NINYI wIN'y Tx7 SVMIL,KNN DMK (11D NdN NTN7 7 NRiv Nipadow

D'WIN — NIMIALVR Y2IXRT? 771NN yT'Nn 1aNn .LSTM N1OW Dy NI7IwNN n'xi01p
D'NM2 D'WIR ,NYRNM0P2 NIRN NPT 071NN D'WIR DR NIRN NPT 097100
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CNN-LSTM 77In NIy¥nXa al'o? [nia nagn 421

XM NI7NN2 0210 112y 2000 "I A0 oY NITTIANNY MY 0T D'y'yn [31]
D1IN) DA 7y 00I1an DApPNN .LSTM NIDdW Dy N'XI710117 YN D'2A%Wn 0N DYNNa
NN .NNIY AR NI7NN 1901 |2 V77N NIRIMND NIAION INIYXAN] TWX AN

.MINV NXI712217 NWA7 CNN-LSTM NN 2 nRIIYN NyXIan
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.D'XM] D'WIN |21 NI NPT NN
021NN 12NN 422

.0"7017'0 224/224/3 10 namn 72 7712 a0 mi7y 45750 25710 011NN 1aNn
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JIn'™X N¥API NN

Data/Cases COVID-19 Normal Pneumonia Owerall
Training 1220 1220 1220 36600
Testing 305 305 305 915
Overall 1525 1525 1525 4575

[31] o'unan ux'n - 3 0720

aZNNn NL'Y 42.3
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= Contain 3 classes
* Type-Image

Sampling

Model
Development

= Accuracy |Model Evaluation
=  Specificity
* Sensitivity

* F1-Score
= AUC

= Shuffle
* Resize
* Normalization

Dataset collection
and analogy

Test data
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.LSTM nadwa n'wnnun
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NIIX2 LSTMN N2OWY 'TN7 N1 NNI7102170 nwn 0795 NI72Nnnn NRIMNN 9y DX
.LSTMN N2OW NX |'TAN DININ XN 770 [N NN0ZN NRIMNN NN NNR 7D — nRan
"7V 17V91INY 0'2'V122 NITND NINWN KIN X LATN NIR? NINWNA X7 DINIR DT ¥
DM'X'9N TN NIR? NNNYNAN NIRINN 7 XY DY 170 .A'I71210 NIRDW IR

JRImnNn gx1 v

.LSTMN N2OW N7 DT 1'¥'9 n1inn NRIMNN NNN NNX 722 0*707'9nn TNX ‘D
NYUYN7 NWIN .NIN1IITIAYWYT N WK DRIMN 7w ¥ LSTMN N21Ow n7apn P2

T2V DXI7122170 NI2OYW 7Y 09790 NRIMN ¥ |2 XD AWWRNTHIII'YUN DR NN

.LSTM nadwa win'w

FC n2d>wn 2011mn 9o al'o WX 0'ann LSTMn nidw 7w TIA'wn ']"7?1]'] qQl0a

.0INN2 721>

K-ray Image Conv &Pool  Conv&Pool  Conv & Pool Conv & Pool Conv & Pool

(112x112x128)

(14x14x3512) )
' ‘ ' e 0o o ' '(“X-xsl:)

! i |

|LSTM‘|LSTM|[LSTM|... ILSTM| \Lsm| |Lsm|(49x512)

\ | | 1 7/

111
Classification g-g [©]

Normal COVID-19 Pneumonia

.[31] CNN-LSTM ne1 nuopouzox - 29 wx
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The full summary of CNN-LSTM network.

Layer Type Kernel Size Stride Kernel Input Size

1 Convolution2D 3x3 1 b4 224 « 224 = 3
2 Convolution2D 3x3 1 b4 224 « 224 « b4
3 Pool 2x2 2 - 224 « 224 « b4
4 Convolution2D 3x3 1 128 112 = 112 = 64
5 Convolution2D 3x3 1 128 112 = 112 = 128
7] Fool 2x2 2 - 112 = 112 = 128
7 Convolution2D 3x3 1 256 56 x 56 = 128
8 Convolution2D 3«3 1 256 56 = 56 = 256
9 Fool 2x2 2 - 56 = 56 = 256
10 Convolution2D 3x3 1 512 28 « 28 = 256
11 Convolution2D 3x3 1 512 28 « 28 = 512
12 Convolution2D 3x3 1 512 28 « 28 = 512
13 Pool 2x2 2 - 28 « 28 = 512
14 Convolution2D 3x3 1 512 14 = 14 = 512
15 Convolution2D 3x3 1 512 14 = 14 = 512
16 Convolution2D 3x3 1 512 14 = 14 = 512
17 Fool 2x2 2 - 14 = 14 = 512
18 LSTM - - - 49 x 512

19 FC - - o4 25,088

20 Output - - 3 b4

.[31] - CNN- LSTM x'7nn 77 - 30 w'x

N'112 NYIN .aPNN2 NYXIND DIN1N DY NIIVRVDIR NIX NIRYYT NI N7un Ik
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NINWN 1780w "D'RI72" wiTwa Nayn ANKY .DIA'R N71Y9 NYXIan n'XI71211p NIndY
1Y INKY7 .DIA'RN N7IY9 YIX 1197 N90I1 N'¥I710117 N2OW NDO0IT ,NYIN N1an VYN
72vIn DN INXR7E LSTM N7 nxi7maign nwn 7w 0790 oatm 1780w "o

A1'0 NIX? FC n2dwy

NIAPONI IZNNAN NIXXIN 424

ART7 W .0 21T TINKR? Y'an CNN-LSTM na7iwnn nwan ,07nnn NIRXIN 'S 7y
7v 9TIn Ny [V N'ON' NN DYININ 7TIA DT IPNNA D2 NIN'YINN NIRYINN X VY
AI'0 NIP7NN 7921 NI 7IT2 YT NaRN DY NYAN NI'NAY N1NY7 [N ARy nTn?
720U DTN WA NRTI NYXINN DY 7Y 21'TD TINKA DT ARN1D R NISON

[> DX DIN'IIN NWA7 NP DIYIE DN D'0I9T 71 NXIN )2 NI 72T DTN 7T

1D NI9X7 [N D7 'R .YTNAN 7Y DXL D'0I9TN 770 DX 7007 "nir a0 'wip e

JIWNN WINMD Yaot NI 71T YT NaNNd Yin'y
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Performance of the CNN-LSTM network.

Class Accuracy (%) Specificity (%) Sensitivity (%) Fl1-score (%)
COVID-19 99.2 99.2 99.3 98.9
Pneumonia 99.2 99.8 98.0 98.8
Mormal 99.8 99.7 100.0 99.7

[31] 2znnn nixxin - 4 0720
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YIN'y YXI1 17Nnn 17002 .FC A10n AI'o WX INY 1'wnni QW N1dW INY7 pn

AI'0 YXIQ DT I7NNA .01 NINIZNA NIMNN JIN'NIEAA'0 (12D NI N'YVINAIK NIV'YWA
2V Ty YT AR 7712 .T272 NI NRPTA 071NN D'WAR 21 DR D'WIN [
,(Precision) 96.24% ,(Accuracy) 96.63% 7w nixxin a'xn pnnn .ninmn 60005
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nxyp 7 (Accuracy) 100% 7w 7117 ny'an IT 02N DY ,0MPINN NYO 'O 7Y
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021NN 12NN 4.3.2
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Group Category Before | After | Category Before | After
Normal_X 2916 4832 | Virus_X 1733 4166
Bacteria_X 2705 4418 Covid-19_X 1341 4023

Four classes (total: 17,439)
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[12] p1mn nen uxen - 31 wx

Input layer (None, 256, 256, 3) 0 Separable_Conv2D_16 | (None, 16, 16,512) 133,888
Separable_Conv2D_1 (None, 256, 256, 64) 283 Bs Separable_Conv2D_17 | (None, 16, 16,512) 267,264
Bl Separable_Conv2D_2 (None, 256, 256, 64) 4736 Conv2D_18 (None, 16, 16,512) | 2,359,808
Maxpooling2d_1 (None, 128, 128, 64) 0 Maxpooling2d_5 (None, 8, 8,512) 0
Separable_Conv2D_3 (None, 128, 128, 128) 8896 Point_Conv2D_19 (None, 7, 7, 192) 393,408
B2 Separable_Conv2D_4 (None, 128, 128, 128) 17,664 Al xl;]::it{];ﬁii_l (None, 49, 32) 117,344
Maxpooling2d_2 (None, 64, 64, 128) 0 Point_Conv2D_14 (None, 8, 8, 256) 131,328
Separable_Conv2D_5 (None, 64, 64, 256) 34,176 A2 Point_Conv2D_15 (None, 7,7, 192) 196,800
5 Separable_Conv2D_6 | (None, 64, 64, 256) 68,096 :I:ltlél:.lu];a_i_z (None, 49, 32) 117,344
Conv2D_7 (None, 64, 64, 256) 590,080 Point_Conv2D_8 (None, 16, 16, 256) 65,792
Maxpooling2d_3 (None, 32, 32, 256) 0 Point_Conv2D_9 (None, 8, 8, 256) 65,792
Separable_Conv2D_11 | (None, 32, 32, 512) 133,888 A3 Point_Conv2D_10 (None, 7,7, 192) 196,800
" Separable_Conv2D_12 | (None, 32, 32, 512) 267,264 ?&f&ﬁﬁ_s (None, 49, 32) 117,344
Conv2D_13 (None, 32, 32,512) 2,359,808 NormlL_(123) (None, 7, 7, 32) 64
Maxpooling2d2D_4 (None, 16, 16, 512) 0 Layers_Add (None, 7,7, 32) 0
;;;g‘l}iz];;irlage‘ (None, 32) 0 dense_13 (Dense) (None, 4) 132
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QWP 122102 YIN'Y NIYYNAXA A'YI722170 NIAOW NIND NIX D¥NXY? 101 Dpinn

NIAIZONI IZNNAN NIXXIN 434

7¥ NIYN N, |Nann NXp v 1ink 96.75 9w 21T N0 van apnna axine 7Timn

.98.06% 7w ni1'o'xo01 ,96.6%

Train_acc Specificity | Sensitivity | Test_acc
Datasets Methods Train_loss | (%) Val_loss | Val_acc (%) | Size (M)' | (%) (%) (%)
LeNet-5 0.2418 94.72 0.3494 90.72 51.5 89.06 91.27 91.27
AlexNet 0.2065 95.44 0.3059 90.08 444 92.13 90.13 90.15
GoogLeNet 0.2832 92.40 0.2944 86.12 52 87.64 89.25 88.12
Four classes ResNet 0.1931 97.15 0.2069 93.19 270 96.73 91.38 93.38
1(1)1(1:;35) VGGNet-16 | 0.1845 97.89 0.1891 92.40 114 94.52 92.05 92.45
MGMADS-1 | 0.0602 98.63 0.0602 93.31 40.1 96.03 93.12 93.20
MGMADS-2 | 0.0485 99.03 0.0485 94.87 41.8 96.12 95.12 95.12
MGMADS-3 | 0.0139 99.62 0.0140 96.25 43.6 98.06 96.60 96.75
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Training time Average time per step
VGG-16 1046s 174.3 ms
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Model & Final Avg Avg Avg Avg Avg F1-
Feature layer Acc Sens Spec Prec score
extraction (%) (%) (%) (%) (%)
BRISK VGG- Softmax 95.9 93.9 96.9 93.9 93.9
16
S5VM 95.9 93.9 96.9 93.9 93.9
RF 95.9 93.8 96.9 93.9 93.9
XG- 95.6 93.6 96.8 93.7 93.5
Boost
BRISK VGG- Softmax 96.5 94.6 97.2 94.6 94.6
19
SVM 96.4 94.6 97.2 94.6 94.6
RF 96.6 95.0 97.4 95.0 95.0
XG- 96.1 94.4 97.1 94.2 94.3
Boost
BRISK sCNN Softmax 94.7 92.3 96.0 92.1 92.1
S5VM 95.2 93.0 96.4 92.8 92.8
RF 95.4 93.3 96.5 93.1 93.2
XG- 95.4 93.3 96.5 93.1 93.2
Boost
BRISK Softmax 95.2 92.9 96.5 93.0 92.7
DenseNet
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SVM 94.9 92.5 96.2 92.5 92.5
RF 95.2 92.8 96.4 93.0 92.8
XG- 95.2 92.9 96.5 93.0 92.7
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BRISK Softmax 94.9 92.4 96.2 92.5 92.4
DenseNet
201
S5VM 94.7 92.2 96.0 92.1 92.1
RF 94.5 91.8 95.8 91.8 91.8
XG- 94.5 91.8 95.8 91.8 91.8
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& B
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, False Positive (FP) _ Specificity
Negative True Negative (TN) TN
Type I Error ———
(TN + FP)
\
. Negative Predictive Accuracy
Precision
B Value TP+TN
e TN (TP +TN + FP + FN)
(TP + FP) L
(TN + FN)
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Abstract

Many diseases harm the quality of life of humans and can cause severe
symptoms and sometimes death. Lung diseases can be diagnosed in diverse
ways, among them a chest x-ray. X-ray is a central, available, cheap, and
convenient tool for diagnosing Covid19, viral pneumonia, lung cancer and
other diseases. The diagnosis is made by specialist doctors who can exam
the X-ray image of the chest, which contains patterns that indicate lung

disease.

The process of diagnosis and classification is manual, long and complex
which requires medical expertise and sometimes cannot be conducted in real
time due to the absence of a doctor with appropriate expertise. Therefore, an
automatic system for classifying lung diseases based on a chest X-ray is

required that can classify the photograph into the correct type of disease.

Such a system will allow appropriate treatment. During the last few years, in
light of the development of computational capabilities and the growth of the
field of deep learning the use of deep learning for the purposes of identifying

and classifying X-rays has increased.

In this work, a number of methods from the field of deep learning were
reviewed for classifying chest X-rays for healthy people, people with covid19

and people with other lung diseases.

Special emphasis is given in the review to neural networks based on
convolution alongside their combination with adaptive neural networks,

attention layers and generative neural networks.

In the work, a comparative analysis was performed between the variety of
deep learning methods, which was based on various quality indicators such

as accuracy, sensitivity, and uniqueness.

In this comparative analysis, it was found that there are several effective
methods for classifying lung diseases from X-rays, and in particular it was
found that the CNN-ATTNTION type model produces accurate results relative
to the size of the sample group examined and relative to the number of

departments classified in the study.
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