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Diagnosis of corona virus by analysing CT scans

Abstract

Since the appearance of the COVID-19 at the end of
2019,Wuhan, Chin, the recognition of COVID-19 with medical
imaging has become an active research topic for the machine
learning and computer vision community.

To stop the spread of COVID-19, it is mandatory to recognize and
then confine infected persons. Many recognition methods have
proved their efficiency including RT-PCR, CT scans, and X-ray
scans . Despite the fact that the RT-PCR test is considered as
the gold standard in diagnosing COVID-19, it has a considerable
false negative rate, especially in early stages of infection . In
contrast, using X-ray scan and CT scan methods can give
efficient results in both time and accuracy . In fact, using CT
scans and X-ray scans requires an expert radiologist to identify
the COVID-19 infection. Artificial intelligence (Al) systems can
provide an alternative solution for automatic diagnosis of vCOVID-
19 infections. In this search we applied the most common and
important deep learning methods as residual ,dense Nets and
Inception-V3 on lung Ct scan dataset to diagnosis the infection of
COVID-19. The precision we have got was 85.7% by using

Inception—-v3 and XG-Boost classifier.

Keywords:
Deep learning algorithms, machine learning,CT scans, COVID-19,
Resnets,Densenets
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Inseption V3

) e Al & SIA laay) sa Inception V3 by Google
degana aladiuly Inception V3 i &3 . Gueall alaill 248300
& Al 4L ImageNet bl degens (o 431000 (o <lily
Tensorflow laa) (gsiays ¢ dund Bypea Omle 0o AL Leays
Cual ddla) 'background” i ) sy Al 28 1001 e
sle Inception V3 iy 23 .3LaY) ImageNet & dexii
Sl Jia) &ua ImageNet e €l gpadl ajaill gaan

. Sall

Convolution
AvgPool in
MaxPool
Concat
@» Dropout
@» Fully connected
@ Softmax

Inception v3 4 (4) Jal)
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Convolution
AvgPool
MaxPool
Concat Fully-Connected
Dropout Layer Softmax
@ Fully connected | No. /N
® Softmax Transfer-Values ] Layer  Class No./Name
Saved in Cache — 0 Airplane
[ | 1 Automobile
]| 2 Bird
[ | 3 Cat
| 4 Deer
(® Dog
Rt 6 Frog
.l 7 Horse
(| 8 Ship
L] 9 Truck

(1024 features) (10 features)

Inception V3 ae Jailly alail) alasial (5) Jal

SV Lae ¢ dsmge zisall Al Aadall (uynosale) Jally Al ol gy
Gl desane aaa b Ll oKl ¢ ) <y 8 L Gul S (s
aall 3 lealadin) oSay ) zlall edl aal Inception V3 aey L4l
3 1000 (e 8ysm Osle g ST o a1 zdsaill s a5 Jailly

Jas Ayl 53eal) s e

lealad ) Adpeall o Balial) eli€ay adf dleal) Aadal) (i sale) e 3y08) i
SV 53 Lee ¢ e Ll degens e abulaiy LaY) a4y, ol 3l
Aulia 3y CSa cupa ) daladl (0 dlall 458y i

G3aal Q¢ inception A & @l sale) DA e Inception—v3 dxalp
oSy ¢ bl e i oae ae 4 Cliabld) e B sac s dplual) s S
VGGNet I Jiles 3i8x o ¢ disk 42 (30 &35Sl aanll Dl A0 (s

bl sle 60 : AlexNet
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AlexNet (e ST ciljialil axe x 3 @ VGGNet

bl sle 7+ GoogleNet [ Inception-v]

@d}iﬁ\)%‘d\ﬂ\&;m‘&i&sdw&dsnné‘&éudmm
2015 ol ILSVRC dglua (b3 geall Cayan

e A Ale s gsle 15 e ST ai @lily desens & ¢ IMmageNet
Slss o ImageNet (1o ducjp dcgana ILSVRC axiing .42 22000 s
1.2 e iy Lo dllia ¢ Ylea) 1458 1000 Jual (00 458 S 3 350 1000

Wil 8)5a 100000 5 (3855 3500 S0000 5 Ay 35 (sile
Inception &jaa) Jsa

dla &l ¢ Inception-vl s J&¥1 GoogleNet jlaayl .culjaal 4 aas
bl Glpas ) gag Ay Inception-v3 & dadad) sUasY) e aall
A 8 ILSVRC J 308 dudliall ) @l sy Ly .Inception chlaa) Jea
SulaaY) Ge Lalas Al cugiy) b Glealad) e el s ¢l L Adaall
e Pl V35 V2 Gylaal) of i) Gleaball gan of G35 2
albici ¢ Inception-v4 & ¢ &) aay Lo Aagl) Adlidall Glalae ) (asg

23] Jaay) d<ie Joa lagms ST iy Google

Szegedy) & GooglLeNet auly Aiwall 444300 Inception oy aas o5
Ay Gaesd @ 3aY cdy 3 .nception-vI La ewdl ¢ (32015 o5l
a5 batch normalization Jlas) M e Y5 ¢ 4ilise 3,k Inception
& b)) Jalse ddla) 5.(2015 Szegedy  loffe)inception—v2 el
" Inception-v3 aul el jlas JAlls (2015 5,405 Szegedy) cuall )l
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batch normalization ;e BN-Inception / Inception—-v2 cuaaiy ¢ 1Xas

.factorization ideas _ Inception-v3 chaaty Lain
sdaddiual) Gl .4

aiil  SPGC-Covid «ilily desane Covid—19 SPGC 2021 (asi o0
el el Aabe jpa o Gl degens gini oS Cull
¢ (CAP) aainall cuilall (i)l l@lNly ¢ COVID-19 (jslany unla)
Lpadaiall 4Vl (and 8 &5 .COVID-19 (jsleny ¥ (of cpmadall aa sl
Digital Imaging and pay  abidl peaill xS s (g

. 512 x 512 aasy ¢« (DICOM) Communications in Medicine

e @ o e 2020 gl ) 2020 LLs e Covid—19 Vs pen
0585 2019 I ol ) 2018 gl e daaladl c¥Slly CAP eV
2020 L4 12019 JG

Aulagy) LAY Alle sl & e COVID-19 (se janii aday
bl muall jalhes ¢ Ayyadl @liahllly ¢ (RRT-PCR) sl gll
S ol A Blay) st s 690 Cppaa Guelad) Lkl ADE JE e 22all
palatY) e e ol JUlls ¢ Gilide e (e Sl Dkl 2a3YL (asd
Jaxdadal) Gl gsall 220 (g5l

Osall labels 1 ¢aias 5 ladle cupn elal A ) dede bl oda
CAgyee g LAY by oSy BEaally oyl Glly dal (e A jre Tpalaial)
Jdall Lakaiall 40 e 307 oo Ginilly upail) Glegene e Jgeanl
o i€ 555y ol Llas 60 5 « COVID-19 1 Gilsy) Wape 171)
(Azpb As 76 5 ¢ (CAP) asinall
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¢ @il degeadS Jlpde JSGy Aahidl eall ol e 430 Ll
Ly Ao geae€ Auiid) 770 cueadiilg
O il il yailly Cuspaall aliil yypesill Ciliagad gen e Jsanl
g i) Ac )2y SOMATOM Scope (SIEMENS sl mulall ddasilgy dsall
Giailly Cappaill e gene ) ALYl ALaY) e ae 2 dagd Al dple
LA Cle gana SN Sl
e dwle <Nlag CAP 5 COVID-19 J duahis sypa o8 ©
Ginill [ il Glegene o die Jouandl & 53 3Kl (it
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COVID-19 1 (LDCT) diaidie dejny dmhia ypm o5 O
e 2 Aapd Gl e Jpmall 8l Akl S,
g Gazphay CAP 5 COVID-19 I dpmhis dxdl 3ypa o8 o
e alhe Lo Lela ke Qi) Galel e mb a5y
gl Clejny dapd dlaw doganall oda ia] My Ak
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: Ciatll daiall 48, ally clild) digs .5

:segmentation a kil -5.1

Sanll ALaY) yseall seday SV asanll A5 s aukali jekay (6) JSa
Sy I plad) L adail) Aai jeday G S ganll A5 g L8 jelay G
.Cap cuil Lhully COVID-19

tdag i) g gima Ao ciialll 5.2
Deseaill il Cayiail linse 43,380 CNN z3lai Lo ot Alayll 036 (e Cangl)
Sle gl 2y .Cap Jf COVID-19 4 dple 28 ) cuusaall xlidl)
Cgaall adalall apeaill 55 e g o S WY Aage pal dag)dl) (gsine
Al "dem® Gile e bl e DE ¢ Al dalledl dlaje 8 L JalSIL
Craala CNN cljlene alize o 5 o(gole)ll z)5) saals 5l 8ysea Jany
gl bl dag 5 g ldlly dalo)ll Byseall LusSi iy Wld ¢ Dglall ) gall
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il AL g EDE gas ) ALEYL RGB i asdl A5 5g0n daiiil
Bl gt e Sl S A o i) Cais dngg aansiill (ol ¢ ONN
Wl ¢ @b Y wted) Caneall L LALSD @ e cldl Al
e « Cap 5 COVID-19 ; dnldl bl dsy,5 742 5 2482 5 10294
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. sl Je « Cap 5 COVID-19
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Lad ¢ Uisy 4 .([33] ImageNet gaas clily sacld e Lewyx o3 )
o e .algall Baaie Aadiliul aladiul CNN b jses iy
Cilighs Aipgd 2 Cus ¢ line A0l CNN 23l oy Uiad ¢ Jacail)
Yl dage Jial Baase aysi gl pladiul Jlde JSOy Lid FC
5 COVID-19 5 dnle @ ) JAY) §)pm caiiai 3 algall daatia
.Cap
toasal) (gl o ciiail) -5.3
230 panii ik Lld ¢ i) g i 30 o (a3 bl jpeall oY Dl
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24530 CNN' 3 (s3a) aladinly duadaia 3ygea S 3300
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el .6

rdag ydl) (s gima o ciyiaill — 6.1

Gilaydi i3 Bysa oo Hle "dom. Cale (e lgield s ) dagall oY Bl
oezy (ImageNet o) cupall Zile CNN #3les Jlasls sl Lolad 4l
Sle Jsanll aloll zonill dagyd GunSiy Uad 38 ¢ (RGB jsem) culgd D0
JelS <5 ONN 5 ses capi 5 Afin ) 480 o388 « RGB 4l 5)50a
Jasa .[36] Al laak alaaiuly 20 epochs sadl transfer learning  alaaiul,
ali 10 epochs  aey 0.1 i paiy dls « 0.0001 s V) Akl
Ngde Jpmall & 3 Sl 1 Jgand) (adly 5o 15 200 0.1 0p38 HaT il
bl 2305 e ABlaie 35 Ciiia Zap¥) CNN 3y of Laadl ¢ il o3 (ge
.Densenet-161 i Hasiul Syl

zisall dag i) g gin o Ciuiatl) dby
Resnet-50 % 80.6
Densenet-161 % 81.70
Inseption—v3 % 81.62

daylil) sgime o Aag V) zalall Cagas 383 1= Jsaall

ally Je CNN w 4allll confusion matrices Je 7 JSA (goiay
ciia Densenet-161 aw of bads Cligiadl o3 (pe Jdasall (e GBaadll
756.19 5765.87 4y Cap 5 COVID-19 =il o Capill ol Juadl
Inception-v3 iu ciia dgplel) mhall e copall dually WL ) e

793.73 caaly 48 ¢ lal Jadl
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True labels
Covid-19

True labels

Covid-19

Normal

CAP

Normal

cap

True labels

Covid-19

Normal

CAP

3191

92.63%

488
36.61%

200
45.87%

Normal

446
33.46%

156
35.78%

Normal

467
35.03%

216
49.54%

Normal

157
4.56%

830
62.27%

44
10.09%

Covid-19
Predicted labels

211
6.12%

878
65.87%

35
8.03%

Covid-19
Predicted labels

147
4.27%

849
63.69%

34
7.80%

Covid-19

Predicted labels

97
2.82%

15
1.13%

192
44.04%

CAP

91
2.64%

9
0.68%

245
56.19%

69
2.00%

17
1.28%

186
42.66%

CAP

«Densenet-50 4l _ll confusion matrices ( 7 )ds.:d\

Inception-v3 5 Resnet-161
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augmentation cllul) 5445 Guki s diail) —6.2

Slo Jsanll shaally dwaal 530 Hoa 50l Lagdl ¢ dyyadl) o2
i e Jpanll 5l 28l 2 Joand) (adly LAse by 3aclE
Ay o) Baadl ¢ ) eda (e gl s ) il alasauly CNN
4)adb . 5,2Y) CONN Ly e DU Juadl 4 caiis Inception—v3
comad 3 ) elal G Jaadl 1 Jsaall 2308 e

z dsall ag ) s i o Ciiatl) 48
Resnet-5( % 88.5
Densenet-161 % 88.40
Inseption—v3 % 88.62

ULl 52l ans Aag¥1 gz 3laill Gyl 48y —2— Jpaall

CNN w4l confusion Glisias Je 8 JAll (g5iny
«lily e (Inception-v3 ; Densenet-161 5 ResneXt-50)
5 Resnet-50 v o 1aad clisadl o (e daall (e G3Eadl
sle capall 8 Juadl olof cis Densenet-161 5 Inception-v3
/Cap (68.81) 5 COVID-19 (%84.32)¢(%94.43) duankll i),
cap wihd Ao Gl Jaee of L3l ¢ syl 13 8L sl e
5ol il Madial 5l iy 13 LARL) daall djlie Guad

Labilu)
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True labels
Covid-19

Normal

CAP

212
15.90%

126

28.90%

Normal

True labels

Covid-19

CAP

True labels

Covid-19

Normal

CAP

Normal

205
15.38%

81
18.58%

Normal

3217

93.38%

217
16.28%

58
13.30%

Normal

135
3.92%

1104

82.82%

52

11.93%

Covid-19

Predicted labels

170
4.93%

1124
84.32%

75
17.20%

Covid-19
Pradirted lahalc

136
3.95%

1105
82.90%

78
17.89%

Covid-19
Predicted labels

80

57
1.65%
17
1.28%
258
59.17%
CAP
69
2.00%
4
0.30%
280
64.22%
CAP
92
2.67%
11
0.83%
300
68.81%
CAP

Inception-v3 5 Resnet-161 Densenet-5( 43 =l confusion matrices ( 8 )Jsddl
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Jpeall hlia Jals ZE) il 3l & giall el Laxdiud ¢ Gl any
Oe Ol Hlialy Gyl (Aikaie 20 ) dpedaie 8y50 IS andl) dpnlaial)
A Al Huall canail ¢ XG-Boost 5 SVM Lay ¢ ciléiadll
o Aaaall e Fadl Gl Gl lgle Jpmall 5 ) gl Gk
Cilas ae INCEPLION-V3 i o Laadls ¢ 3L o3 (pay .3 Jsaall

oAl Aal e gAY ) Glye A5l ol (it cisia XG—boost

Gia XG-Boost caias pe AV z3laill muan Cilje G gand) ¢
il caad XG-Boost Caiadll alatiu) 50l cufy 1aa Leldl Juadl
ol Dhae e (o pand) ) ABLaYL )l

e ] e

XG-Boost

Resnet-50 81.62 79.59
Densenet-161 82.63 82.63
Inseption—v3 82.65 85.70

Al Gl alaiiuly XGBOOST 5 SVM Cayiea dagis 435le 3 Jaall
e o )
. A

81



dakial) gual) Jolady Ug o8 (g s Alal) paddl

sl Addla L7
Gl aladiuls o Resnet-50, Densenet-161,Inception—v3
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