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Introduction: COVID-19 is a new virus that causes infection in the upper respiratory tract
and lungs, and the number of deaths due to the disease has increased daily on the scale of a
global epidemic. Chest X-ray images have been useful for monitoring various lung diseases
and have recently been used to monitor COVID-19 disease.

Method: In this research, a multi-stage process was used to recognize COVID-19 from X-
ray images. In the first stage, pre-processing was done to normalize the data. In the second
step, which is the most important step of the proposed method, feature extraction was done.
The feature extraction operation was based on deep learning networks. After feature
extraction, machine learning algorithms were used to classify images. The algorithms used
in this section are support vector machine, nearest neighbor, and decision tree algorithms.
The results of these categories are combined in the fourth step based on the majority vote.

Results: The parameters used in this research are among the classification parameters,
including precision, accuracy, recall, and F-criterion, which were obtained as 96.5, 92.25, 94,
and 93, respectively.

Conclusion: The results of the experiments show the acceptable efficiency of the proposed
method because, in addition to reducing the calculations by the separable layer, the
combination of categories and their weighting has been used to obtain the final result.

Keywords: COVID-19, X-ray Images, Feature Extraction, Deep Learning Networks,
Machine Learning, Classification

* Citation: Roustaei M, Giveki M. Diagnosis of COVID-19 Disease in X-ray Images Based on Deep Learning Methods and
Combining Classifiers. Journal of Health and Biomedical Informatics 2023; 10(2): 111-24. [In Persian]
d0i:10.34172/jhbmi.2023.18

1. B.Sc. Student in Computer Engineering, Department of Computer Engineering, Faculty of Engineering, Malayer
University, Malayer, Iran

2. PhD in Computer Engineering, Assistant Professor, Department of Computer Engineering, Faculty of Engineering,
Malayer University, Malayer, Iran

*Corresponding Author: Davar Giveki

Address: Faculty of Engineering, Malayer University, km 4 of Malayer-Arak road, Malayer

* Tel: 081-32456518  * Email: davood.giveki@gmail.com

© 2023 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

" Journal of Health and Biomedical Informatics 2023; 10(1):111-124


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2023.18&domain=pdf&date_stamp=2023-09-21
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.34172/jhbmi.2023.18
http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

I Gt g oM Kl il b [ gy Al ]
Ky Sl S AT 50
VERX NIV YE o o33 0 lad p3 0,50

10.34172/jhbmi.2023.18

S B igy » (o X iy polai 39 11— g5 (5 slow (sl
L) s 5 g Gwos

*Y & Vs
& 95 o9l Sy oo
VY5 e Sy e VEOV/AY e Sy e

st o 5 Sy )lse Slas oS 355 00 a5 (JBs cudTolSind ) st Col o Cul mr gy S VAmgsS el

ol 005 03l VA=565 (5)los 2 i (gl Tl 5 038y o

alo yo 3 oS Casl 0ad 85 0y (gl po siz Al G X gl 9y 51 VAmgsS (lidil Car Lhmod ol 0 igy
LBl oo (ool g P ke 45 p9d pS 13 .l a8 )5 yg0 aodly (g9 (g3l Jloy Ban b 45315 i Glles Canss
Sllos 5w Cuol 48,5 &y Gros (63500 aSs wluly Shg zlswl Glles .l 48,5 & yao (Shs glpuiwl Glles
U5 ) 59 o3zl 390 (st ol 0 €555 o0 b (521453 i OSlacsnSoly slaiz o5 Sy ¢l
o pS1 sl ool ol P15 )3 aaizatind cpl ol A3l o a3 g Al (0 5005 ey 3 ble (sl )
Llosyd S cuS y

oS wdb o Fjlae g led ]y coms 85 : ol &8 ail oo (sabainod glajiolyl sin imgh opl ) 48,54 gla ol )y s WS
ol kel Cawd 4 AY 9 AF AY/YO A5/0 polie i ja

pds 2 &Y g Sl 2815 5 053le |y 4L o sSlaiin sy S5 b5 S o125 Lo salef ol 206 e o
ol 01335 ookl olos 4o ()59] Candts sl layl 4 23059 5 badudied oS 5 )|

Sdadiwd «ymile (380l cBaas (6350l (oSl ( Sg zlpriel X gy ol NA-ayge8 Zl.hbj's..&.nls

5 Lo S35l e ndiziins S 5 5 ot 683k G 2 e K 5 skl 53 Vs sS (olen et sls (S 58 e Sl 1ELR e
d0i:10.34172/jhbmi.2023.18 AV A-YF (Y1 61F ¥ i, Cos

Qlﬁ\cﬁmcﬁﬁ.&a&iﬁ\éuwd‘l@ng’ée&ﬁ\:cﬁml{&»wa}ﬁL}mK&uW@QJKGﬁ‘Q\).\
Q\ﬁlcﬁﬁhﬂs_ﬂwa@.ﬁb‘wwgéa.\g..‘:‘}l:g_;}:;ﬁlfwJ;&aaija)Q:bu\afﬁlwa5f§;.Y
= R T
S 55 5315 1 Ghme o g3
i 5 01 Mo oBasls (Sl e o3l B e S S f w3 ST
« Email: davood.giveki@gmail.com AV-FYFOFOIA 1 wlod o sloise

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 Y


https://dx.doi.org/10.34172/jhbmi.2023.18
http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

«!» 1, (Convolutional Neural Nnetwork) 4515
S B an g 0l &) i ddd dxdl pgual ganddb
LCNN (clo oo a5) Jdsar |, CNN Ko s8 sl
Aoyl Ndgr odud aBlid Jos (slad )5 10 29590 ML
LIY] b

29bad VA=1965 (s)low (ghbatod ly o, Kan ¢ Singh
Aoy 055 )8 slpsing 1) dwdundd (CT) (g pguralS 31,5 5005
Oles snails sl (CNN) (39058 s aSs S 5
oslizul 039l i b odgll L3l lgisas VA-ayesS 4y 03]
JolS5 31 03l L CNIN agl (ela yzolb ) 52 09)s .5lo3,8
Objective Differential Multi) s 3l
i390] 0313 degasme Mg oo wukas MODE (Evolution
8 ekl 3)90 VA=955 (losy (gt Jio cS Lo (gl
S Sy Je 88 313 0L 025 03,55 b5 53,50
st (sl s3laitey oo el b sl (208 (sl Jao
i Sl Fgw polal I (oa8ly (loj 53 VA998 (lew
V] sl S i

i O)ls Gaes (6350 (slpl S )en 5 HU
CT juslas 5 VA-ny558 cigte ganadl o (ulidjl sl
S p SLll Nl o (oloidey (o) 93,5 Sleiidy
@ 06 o ol ey JBls 4 1) CT polas s
2 290 3l VAmdgeS (bl g Cogis 3B (wlidjl
1) Y2=0965" 3)lg0 Caunslyi (golpiniin gz )l .l VA=1y965
Community Acquired ) hles 1 G jeba
NP(Non-Pneumonia) 4 CAP (Pneumonia
L olols 3.8 Cusdge Cundly pizmen amd  aolissjl
Slgice cnlpli S pasde ) VA= 558 j1 (30 slacleddl
wleialy Gly jlen ©Ad 550 ) oladogs sgill jgbas
Je oS wileols ylid (g jlwdnd gl amd &)l loyd 5 (oL
Area Under The Receiver) 5 cous «wéday oolpiin
«ly YL AUC(Operating Characteristic Curve
slidjl sl a8 lgdsel (AS S (izren 9 guaib
JVO] sl adl, cundy Cluls

Decompose, Transfer, and) ., K 4 Abbas
L,CNN Gaes (6 153b ¢ laxe S5 DeTraC(Compose
~hgsS plal b sl NS S gy Sy 4 oS
sl (Sie CXR pglas jl pols o0y degazme G 2 )
Sy s 9 S s sel, DeTraC ., wlasl

EVRT

Crowdy |y (ST drals (S (65055000 o LD
D] el ooly o lony (oolidil orleins slagss)
5 olidl auld Wl (S35 pgal oo g 4 Slaal
cloolKind cwl K55 g bcwsjelenly gl 2,5 oy
computed ) WSSl axdl wsle (SSh gyl pgeas
Magnetic Resonance) 4 CT(Tomography
5 bual (gylen cleMbl wilg o MRI (Imaging
st wims @l O e e Ojgods |y sl G Seegili]
Uiy Shn pelai o bluo 35 5 Woedls obj o
D] sl oo Sl o 51 530 oMbl el 5 gl
03)S (Sbi sop)l8 53 (b5 SeS (S pgead (Bil
Ll 5 ppad Cof ugal Glipred (Jlio plgisas .l
398 oo 03latul (S ()lo)3 53 (lo3 1S ysbods pgal Culun
oy 9 ol ) diew dwdd WSOl dxdl yglad [V ]
9 4y Sldl g 4ol (o w4y e glag)lon
Jls eolwd ole ;3 [A] 0yl Lliw & il odme (sla g)low
PU L 0581 o 4 Ug)S dugsi mans (WA oo 530) Y14
S9ud g0 (oS Db (L)l g g 398 o0 wb Ll VA g8
o 3 290 gl [F] ctS Jluy o lagy b
(g9 3 VN Jlu yuolws Blsl )3 (VA=24955) g S (w9
A s oy r oS 395000 00 Bsas 5 23 315 e
a3 oo 5y 8l cow 1y oagll 31,8l cladyy aseis )3 § 5,58 o
o4 g Bl (hpnS eyt plo ol 5l Gug g cnl V]
S po 9 3la0 dlawd JA] ol 0as Ja Sla pSden (g)low
oSl gl [A] b ol Wlig) joim L ladpe 10
Sade [ Ve a) Bl 2 VA-gs8 ST (R sl Al ddd
3 A dwndd SO dridl bl cdoes jo Llodds 0ald LS
Sy gal g odlaiwl VA=0968 awlidjb ) Cawl (Koo
i (Sl g 5 A dundd Sl il wle (S 3elsed),
cnl J5iS g ool S8l dBgady (38 L (gl Wl co dism
Wilgy e (il LSS cpl IV ] bl dste ol Cunsg
gl ims wldjl O S (Sjsdely clasis
sk 1y el Ao dundd WSO] Al G Solg0ly bl
DIV] s jaome uSSl dxddl olKuwd & byl ylow

FAS 5 929 Bres x50h p (e (Ao slad S,
ol d)Lou u’_wl.».w)b LS‘)“ s duudd u.«.ia] x| )JQLK’J

e A s Jde S ooy Sen o KESIM LS o

VY Journal of Health and Biomedical Informatics 2023; 10(2):111-124


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 31 S 9 Codlw Silo 98l dloxo

1IY] 0l azsls i VA g6

slp ) Algly Bres 6xL C)le K ofySen 5 ROY
0l &l 80l Janl elul 1 VA=0958 (65lew i
sl 00dh 03l ey _owas 45 (g yloxo 5l gy ol
clacuwlnd g9y p odd od hjgel i slaass I a8
5 BB dgms (6 030L JW! oyl i o oolasin] (K55 S5
D] Cool aily (glow (asis <y

pU L G 53l o)l S Hafeez o Farooq
3V A=10955 o)lew 5, ye sl COVID-ResNet
Jolalsyo )3 ooyl ol ) 3,8 LI (SIS 50l) pgloas
dy90 031 p i sla gy 5l edlawl b 8150l ol as
L ResNet ac 4 ¢ 3505 o0 43 (g 5Luwodle]
polas Blgo b o950 03l ybjge] A wMShis (cabail
25lo) VA-dagsS g VA-dugeS Al wd 9> duly 81,540l
g B IS ) S o5 KU (ool s lacigie
S9 Sk (§ilwdinge Slaghy, | el Ghagg cpl )
Adam ¢jloanas v, o 5 B ¢ ol a8 5, Sles
B S5 g Bl clopbal, S S 5 b a8 w8 e oslisl
[V ] a8 o SaSNA-0565 asuds jd pYL cddd S0
oS slp ele g (ng gy Sa Lo plmg nl
ilize ol Sl esboy ol 3 paaee BLIVA=968 (6)low
9 gl el X yglas | dbe cleMbl b 3945 oo 0dli]
Solow 2ol 0js> 5> Gy b be) N S92 1 (iopen
9 485 )l aslllas 350 (Bres (6 SOL 2 (e VimdageS
Wl 045 031> &y

ol b ablie gl o] (Ul 9 V955 3 g0 (statod
ooyl ol lis 1y djel polad 51 (g3ga5me dluss g o3l
ras 4Sud od hjgel il cla Jae L 1, DeTraC
» VGG Lbuwg cds ppVh oS ob pbgdgls
Uy (ilodns gl )5 wub wielcwa, DeTraC
031y dsgesme <5 51 VA= g58 3,l50 mlisjb 3 1, DETraC
polyo 3 ey iz ) osd yglaer gole (9
(o> Voo Camolus L) 0o 2 AV/Y (gYL cds b lis e
S1A=0995 WGl dnisl y gl wliis b ;5 DeTraC lawg

[VE] el Canddy 105 g b (i Ol pyaian 35150
Jae S 3 oolizol b 1) Lg)S Lsgy oo San 5 Makris
odly degozme 00y slwlis bgdeilS Baes (6500
axdl gl g Il dig)S agrng S A ol Lo
5l eolatwl b oold (gl wMS ¢ yimghs cpl 5o ] Lanb WSS
baS g pglad g (35bpoie do e lpiedr (5B SO, S5
(g > yo )3 i (ilujl gl kSl Lol yglas
Gros (6330L sldie b oond awilil ol degesme
5 M5 oy yjeel (SQueezeNet MobileNetV2)
099y 5 o3l b b Jae Lawsgs odelcuwndas (sla S5 g dcgomo
ol Sl om s Gosby MImic elas! (ojluang
oheits by glagesle  edlimel L MLl cla S
a9 oS, SVM (Support Vector Machines)
2y ol 3,59, b odelcunddy (cdvaind S F 5 50
st ook cnl dlddn 3,509 b g o> ATV L
Solomr (ol ) F5e psbody Nlgi e Jao cpl &S ol

Ot SBW9, 33 Sy950 Y Sy

ulee Llze &3 (o9 & 8)lowd
So oS it b S drwgs Sodiwd gl |y piglels 4SS Ll Jde S
S )5 ol 55 >55 ) 2 dnwg (gt (gl 1) dgles m@“ N Je S (Y]
- - CNN ;I 35315 281, di dund dnd pyguns
okl ganaib oUly oanated gl V8 ap58 len suated Jae Sy
Joco (Sig > okl S b s B (Sl S i (g gmals (Bl S 5055 gl I Mie Lo [\¥]
Yi eés W2,8 sl
YLAUCsw‘QﬁJ Uy s Oyl Gres (6500 (o3l S
Wl slaghp (g, 1) asd . . . .
- Olols olidflh il CT pglas 113 sp98 cigie (sandids g bl [Va]
Slosly 350l (9las)
23,8 slagdds
Juopd AV YL cds 099y o 4 a5 [y CNN Gras (6,530 (6 lane S
S slmodls g9y oyl pie et B9, S 2 0 g8 polal gl (sl S i 5]

sl (S0 CXR j9las 1 gals 03> dcgome

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 1€


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

(2lal) Cpmions SS9, 2 (Sy900 1Y Jg

B3l 5 e Ulys
g yidus sodld g9y b))l pas

(Bos (§p53b Jao Gl olatal L 1) By S g9

) VA ggS (6)len ol sl (eguan (hgn Saadld 5l (S o (W]
Fudy Sglane (yioen ]
3,8
Laools o 5 jgal $ab wloly 3 $3b L )b S &l

o Sis b o o S ‘59/);) B3 $x5k o )’&‘"‘-“«5)‘5 s ol S 4 ha]

Sor s
i Jloinl 5 bjgel o8 (slaosls diste s Jlodlizl 3900 s RESNEL (glans 51 (0 o2 ) S )
Adam ;L. Adam 3 bawgs o] [v-]

ety Jao 3l

S 53 oo (o o6 105 45 0500 slels o 125 1215 S,
Caol 00535 4o )

995
IX pglad g9y 51 V82995 (il o (mgh opl

\'5'1'"'.'-:3..:'

[

Sy gy >0 1) JSUd

Sl ool o)l P ) anaies ol b sl e mpeuss
i)l bl polily Coles 3 9 035 oo a8 5 o 8]
K35 o oyl b

0315 ds g0

8 bl g oy 2590 slow YA diw i yimghy opl 53
VA998 JSuio oS ol (Shilow Jol )90 Vo v a5 88
Oezed [IA] 2Bl o VA-0s9sS (lyld Hlew VAL 5 Wl
Sl g 03g Jloy ©jgod degacme (pl srodls & j5
bgiye palad | slaiged V JSS 55 ol a8 Sy o ) Al
ol 0245 039! jlows 9 Il D3l Al dundd &y

oot o5y «Cuwl odd ooy L Y S jo aS jebo len
Ollos Cuwss als po (3 a8 Canl 009,57 LSS als o gy ]
Oldos dl>po cpl )3 2085 G )90 osls 55y (BiP Rt
i Jas ) ahad (5l e 1 gl e
oo Shalojl g higel slaodls 4 pglal A
blise ol gy P (n ke & pgd B 3 085
Sy glpl Clles .85 ©)go (S gl Sl Olles
Oldos lax 055 0 Gygo Bros (60300 sass olwly
Sirtis S uile (6l (sl s L5 2
i opl 50 ealasiwl 390 (slaeis ol LAl B S 0 s glas
CEp3 g dluen o FSod 5 (lida Hpomile (slaei )<l

AL Journal of Health and Biomedical Informatics 2023; 10(2): 111-124


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 3 Comn 3 g CuoMw Siloy g1 dloxs

) | .

031> dsgosre 4D 3990 yglai 1V JSU

O3 RO
ol 0 031 LS 5ild i Oldas ¥ S

ORI ok Jol e Y UK

.A;D;L;o

sobad pdlio g3lwlloy

Sl S Bae 653k oS 0 e sl J (Ko
9,5 o B edlasl ojge e pl (S alS
Al polad polie g9y (sileloy Slles 5l (g pSo e

X—a
XNorm = b—a*(d_c)+c

i 381 Sl b sl Jlog Sldas 51 I8 gt e
e Jils Sl € il loy Slbes I 5 sl s

()

5 il oo Wodld dauy ((odloiniig o5y (35,8 | Bun
iy pglai (silwglasy pls Sllos (i ol
D35 oo Gygo 00Dy Al emndl g yglad

ol il gl

2ol 51l e gl o305l s isw opl 5l Ba
Wil oo Tolate (claojlil (glyly ooy dcgerme yiglai oS
sl SRy by gral Gy polal Gileplsy Slles
ol & @bl oS e Coge pslai ) ol
x5l basid bug (Shy gl Slles iagh

Sl X glias oab Jloy ude Sibo Xygrm ) 4ty
Bls S @ (gilw by cllos 5l 8 ol i jlade

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 AR NS


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

ialojl g isel sosly 4y Yo &y Ve ao )3 L lnodly s,
laodls o baosls doyd Ve el ol 55 48 Wb (cadsid
Al o ulesl clmodls 3o aodly doy3 Yo g 5590

R TY o

S hy gl oli—da by mre otz S
x50k sased jl pgbal jl (Sh gl el caa il
(7 USS) A5 485 05 3o

Convolutional Neural Network

Mo gShe Sl d g (gjlaslop Slilas 5l dny gl s
Ao gilodloy Cldas 5l an polas

729U (Sl

5 ohjgel LIS 99 4 gl (G iy ol Jl B
slogsl (8l e gl sloodly jla il o Jilo]]
b5 e pialejl slmosls jl 5 33,5 o ool ul (5,50l
o b cpl 5D 3,5 e o3l 0ad 03l ybjgel Jke
ool 50,8 eolawl 8olay g, | aedly (gaieu—wd

Classification Output

[ | A

-8 -

Normal
%é% :>HZ> Soft Mas —-{
Coid19

\ Sepaablelayer  RelaFunction  Max pooling ] Fully Comected byer  Rela Funcion

Repeat twice

Gros (£ 50l A8 (5 5loxe 3V SIS

(Adam Algorithm) ;5 (5,530 w55 @

(Loss Function) ;59 zMol w95l @
OY & e 550 el o by 5 4 4Y oy Sere
2l B Shy sl aaby @Y ool 1) 95,5 ey (39S
Y I Sk gl caa plagh ol 2 ene
ogdelS OY 4 Cuns &Y oplaS W5 a8 3 0,00 Separable
Sllas Y pl o o)h Sluwlbre ;3 glodes Goles  Jooro
ks b Sl (Jpane Sl 4Y wilon (S gl
ol Y S a5 e luge ol Gglis bl e canda
S o Pl plid G pile 3 (93909 e ol Jgene
a355 L pile 93 4 yild s yilo lal Separable Y > Jg

Cro 895 o ple 3 gl puyle wp jlan 9 2,5 o

plol sl oai odly LIS ¥ S 0 &S job len
Ole 4ol )0 aS 235 o ool wl i (Shg gl Glles
Caol 0433,5

(Separable Layer) ;sgdgls 4Y @

(Max Pooling) slesl 4, @

(Fully Connected Layer) Jaze Ll 4,Y

o S50k laaSis YU pdend S o slaaY p ogde
253 ol ol o el oayn )8 St 55 6500 i ]
Caol 00535 4l

(ReLU Function) codgime ol @

(Drop Out) & ¥lasl eais’ Jog g zlad @

(Soft Max) suaws b @

(¥ JS3) 50

10

Basic CNN

5
thtermediate Image Out Put
3
4
s

9 - Out Put

———
1 2 3

Separable CNN
Separable g Jyore cpiglgils sWaSud 45 Sl € JSG

“y Journal of Health and Biomedical Informatics 2023; 10(2): 111-124


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 31 S 9 Codlw Silo 98l dloxo

S 39 Syl ds St boles Y Lausgs (6399 (Lo e ilo
Sk ladSud (293 (255 39950 sl N5 (o0 b
Codgaze mb 03,5 o odlaiwl Codgie @b I Gues
2lie yu o iy g 20 0 4l o il b gty
FexSsle Sl cuje nipte Al &b (295
Adbien w2y @ (oS

(S diwd

Glinod (p S35 ddiland daw I hipditind Slibos Ca
o3l [YA] lutiy Yoy uisle o [YV] paouas €&, Y]
Sl oo (3 s paziio S S iy hl> whyeSl dw po 05
ol S lsisds dlien o 5S35 p oSl Je gl
alold jlxo | laodly (gaidiws (glp g g 0 adlis s
Sy s cpl o by HLST a jlae WS o eali il
QT alayly a5 0 bl o (ol Aol jlixe daodly (guiaiid

Gl 0430)3 4l deldl )

OY 0 ol oad o lis PSS a5 jeblens
o5 )] 5 33,5 co pamedl LiSu 93 4 Swlo &Y Separable
Slslrs lie o oyl 3 35 Jlos] i 55,
Copw ildl cel Gl iall WS ol il
Osmen 33,5 oo Lol (8L )3 Bree (0L slapet )55
e Rl 5o (Sleyjgrh e lagjy sl b ol 5
ot (S h (Rl el ass sl pials S o
WS (oo Iy Gl 36 4l 2l g e 5l 93,5 e
saals ¢l Separable &Y bug Sy zlscl s
oY 25 e edlawl (g)bpdses Y Gl e Sk
18 02latul 3590 wou3Sle 5 (3:Ske y90 93 4 (5l pdiges
gl Gl gl Shy el Sl 3 055
2925 e S Shs oSl sy by S
Sly peuSle bg) Sl Glagk cnl 35 e gl
(S pdises Olles I ax 30,8 o odlatwl (o)l pdiged

dim

ED(i,j) = Z(lnstanceik — Instance;,)?

k=1

Sojlixe I ladiges (ca0atwd (gly paoial CS )0 1 )oS]
Shmo ool cpl 55 48y S 4 Jlane S o 03lat il (5 )bol
2 Caedl e Jolds cleMbl o o aib o SleMbl o o
o:)9T o cpl ¥oalaly jo il o Wodly aidiwd (S

o) 05

()

J

5 Pl Ggos o il alols S5l ED (1, ]) ¥ alayly 5
AK asy 3 ll diges Jlaie ,Sily INSTANCE)y, ] diges
dim 5 oK sw 5 plj wges Jaie Sl Instancey,

8l (Shg ol Sl

IG(f) = E(D) — E;(D) ()

03] (9,51 Laly, aslsl 13 a8 a5l o 03l acgesme ;o plf

Cl 045

E(D) = — ) P xlog,(P)

v
E.(D) = @x E(D))
! L D]
]:

E(D) of Sy cledbl o Sl [G(f) ¥ abas; 5
She ol Slo Ep (D) ols aegome g9l Sl

()

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 A


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

Sl Al S a sladiges 4y Cans

SALwd S

Opsolo Aodiund duw | diged (gdudiwd Cqa Lidgh cpl 50
48,3 000 dlamod (1 FCSO0} g paonal Coyd cyluidy by
1y 09y 3 el @b 0] Cday gl gy ran Sl A
oM lgiedy (NS 281 Ty 5 30,8 o onliul cu ST
JSCs o sl o3yl 1y (sl oyt a5 33,5 o bl ol
Cawl 0445 030> ul.w) Sldos L’)g“ 5

oW 4 &S cal oladiges dluw Jleas! Kby P; F alaly g
[Dj| 50305 asgamms sloaiges S ,S0ky [D| ciyls 5l gl

)1 e pl] WS a4l o ladiges Slusi Sl
Lulg) jl odly (ganaios Caa gty )y owdle wayol
Moy oedle whoyoSl Coje (p Pt S oo 03litl (5L
@ 4wl ey wbb e aul ey dbol luiy
adiges 5335 o0 doul la WwMS™ o dS 39 0 4S5 olajlo
Opdle w2 o5 53 lad oo (sndind e Sl WS 4 |,

[ iale sl lasals ]

Qﬁfldi):o‘j&&}

/
Svm: Covid

KNN: Not Covid

Tree: Covid

N—

oilejl palad gl Lasdiws guls 1 YK

Slles cwpa Wlg o doddb dw ja Wbl cwle
b S5g b oolaiwl 3y90 yolal Jm iad pldl 1) sabddb
Sllos (o9hdr 5 ooy plon b sl ansh ]y S oLz 4
Lo Mk 0t yolal a5 (63,lg0 43 00 pll |y (ganadl
Gl Sl Gl S oSles Cul San a5 Wyl oy

Dy wnlgs p5 Gyeod £ ISS <l ooleiia by B Jle sl

aidiwd guls cul oddl ooy Hlis & S5y a8 job Jlon
2 preia €855 gl 68 ply olesidy Jy aile gl
lolid 2955 & ply dlaen (0 5S35 Gl Jy gsS

Al o 1955wl olod @ oplply Cuslond

OB S 50 )l B da g 3)90 iSu (al )3 &S (e Sl (S
29ba (Sdme &5 (63)lge 53 bl oo anail 4 (2305

4 Journal of Health and Biomedical Informatics 2023; 10(2): 111-124


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 31 S 9 Codlw Silo 98l dloxo

OLS 35 5l oy B> gYL (Saomy b polai b axlge
..A.b.)u.n

=W

by s el b

Loyl sz gl cpl ) a8, LS 4o clal
0 0oy L (Kisu yobpd e pile A S5 50 00,5 o

il sl oSl alex 510,515 Sbcos il
By s (SVM) glasy by oudle (oo ) o o)Ll
Sloslitl Jdosa, adl oo ooy polai b dxzlye 53 (s ide
Wlgise winysS ol SVM 5 (3L ailgiiy 5 2k s,
Comd (63302 2o 9 1S Joo yia pgliad sl S b

Al sl eandib clagi oSl plo 4
Gy basddl 4 oud 03 Lawass gl yjs Judd ed 4
M52 o8le g el €83 cilunod (S5 sarnadl

ool cpl &S 1y 5 el 0oy (olaidl dgs a1y 59 oy pidis
Predict
Normal Covid
Normal TP
Real
Covid N

oo (ACCUNacy) s Jolis b yiolyl ol oo odlal
S b . F1-score 4 (Recall) lgs 5L (Precision)
W33)5 oo Ao (S5 a3 il Sl o3kl L

Sl sdoyy 4 &S aad e olis (AcCUracy) cds jlae
Gl gusts (gddied 4 (S yddy 045 031D sl (sladiges
Conl (olbdiges dlias coms (PrECISION) oo jlro .55l
I wiloads 0oy auseis Cude dwd K Ay gy oS
Iy Wloas 03> awseds Cute dtwd ol 4 o o rdises dlux
s s (ReCA 515350 Jlre ¢ piman .m0 o iules
LA Gt dlwd SO A Swpdd &S Cwl  oladiges
Cute diwd ol 4 xBly 13 4 sladiges dlass JSa wlosdosls
Jhre a5 F1-SCOre jLaxo «oles )3 aad oo yivled 1) st
38des gl (b)) ly sl Jlosl g como ) Sy
DS s )l B o3ldtl 3)90 (o3l (09,

cowl Shlew dlaws Sl TP(True Positive) A JSCs )
5 ity gy 9 039 ol Lol pialojl aze 48
False) .ol oaly liijl @l 1y byl (M8 i o
inles] azs a5 el Jllew dlus KL, FP(Positive
login 9y Jg camloaisonly wlisib V4= 68 ]
False) .ol ools wlisjl ol |y bl LoMS oliila,
Uinlejl 4o o el Jllew ol S5l FN(Negative
i B9y Jg ol oaiodls wldib Wl )]
g Gl 03> b S3L VA=0y465', byl oIS oliislay
a5 cowl llew ol S5l TN (True Negative)
sy 3 eleiiy gy 5 03 VAmgsS ol ialel

0313 wlijb VA= 968 1) a1 oS
Solowr (wolidjl p3 (oot gy 3o (b5l sy Sl
i) sl yially degazme G 51X gl 1NA-0y96. 8

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 VY.


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

TP + TN
Accuracy = * 100 (%)
TP+ FP+FN+ TN
o TP
Precision = ——— % 100 (v)
TP + FP
Recall = —— % 100 )
TP + FN
2 *x Precision * Recall
F Measure = ()

Precision + Recall

S5 4o 9 Sy
2 odd)S ole @l b ld—da by @l pie ol
b3l slaybre bl [VA] Senglir 4 Ismael adllas
03,9 ¥ Jgaz 1 @l ol 45 2,5 o0 I8 dnnliio )0

Canlodd

3flas « Kisxyon)d pple 9 ey cul 5l edlanal L
X- pobas 51182958 (6slow (owliiil ) o3kt by,
SleMbl o o)l (pl 298 0 (2b5) 2ol g (385 Hoboas FAY
g Mo D)l 1) by (ardd ©pu8 3)50 ) (S g oS
0893 22 p3Y Sdge b WS (o0 SaS (S5 9 (liiore 4
A Gl sl ySmeal g aad bl (oleidy

S8 lesaly
[YA] Sengiir 5 Ismael addlae 43 5435 ,5 oyl (S gy U (6dkiwin (w9, gl Y Joua
03wl 3590 (g s sk A Jbo
SVM ResNet18 ResNet50 ResNet101 VGG16 VGG19
s S AI¥ af/y AE AVD AE
pod 433 Ji)S AV/¥ /s A/d ISV AV/¥
e ByS A/D /0 /s a./o AR/D
s biS ASIY av/y AN¥ ISV AV/§
cds Couo St F il
(Basaiwd 4 (230559 oy93) Lo (soloiud 59, as/o- av/vo a¥ ay
(sisdiwd 45 (23059 L) bo (oolaiuin (s, av/a- a0 ¥ a0

25 Ay 5l ooleiing 9y pp o i cae alie
WPV RV

U595 bl el oA o3y (L5 Y s 13 4S5 jsblen
Ismael adllae ;3 00035 olo (lagby, 4 Cond (ol
slabg, 5l adlas ol 5 il e i [VA] Sengiir 4

"y Journal of Health and Biomedical Informatics 2023; 10(2): 111-124


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 31 S 9 Codlw Silo 98l dloxo

WR

_ ACCOur - ACCPredict "

100 ()

Sluwlbro g b yelyl slas yials b by opl sl auil
@ls S oo wal 3 |y e (2 g Co 390 b 3)90
Sy g a8 Limen cpl ek pbul clayiules]
5 ookl S o a1y ool (B, YU Lasuis
Ay g Glwlbxe il 4 e Separable laaY
Cous g Cdd ylicren &5 Jb )3 g 0 W dy50 (Sluslxs
@l 5> Ry JB g el (oS 5 gy S plgisa
asdiwd plod ya8 | aips odlitwl Cubl 5 39 0 (ol
S o w3

Solowr paZeds )3 (kg B dgse Gl Cnl cdons
Sl Gl > 9 2 390 2 oM csoleiidiy by,
Sl ey LB sblie IS jobar &5 Wb ialS
D3 6ylew cpl pasts sy 208 9 (ole 511,
Shoodlaiwl g o Sl aie; pl 0 er olbeolgiiin
LSLQM\S.H» )‘ o liwl 9 sy )Ja\.as)w Saes L;Lmds..w
O s 0 geaSs wSle (el Gres ©xSOL
oy pmslle sass o (Transfer Learning)
2 ey BB et Sl e (Attention Mechanism)
) &l glal gandied 3 Sles g >

aleMbl wile (6,55 CleMbl g o aleMbl LSy
pobas by JlelyY cleodly 5 jlaw (S ddlew (b
LS])“ k.aaf)) L)’l )l 9 o.); wf).: A dundd uni:‘duz,wl
28 ooletwl piag (i 9 348 Lansuls

dudd g by, 5l samdw polal gamdw polal | eolatwl
ol )8 edlatl \‘\—..\w?f Lasuls (gl O‘?su‘" Iy
Q) gyl S5 5 bl gy OleMbl yglas

s s J% l) §RATULS S Ca8d JJJ‘}IUA 9 MDU’.A

&Blo o,

Slojlo g o cales (94 5 Jhis & j90a; adlllas ()]
D)5 325 o 3 (blie ()15 S 5 s plxl

A C C()ur

Comd laidy (95 S i Sl WR - o]y
ol ey bgy <85 Sy ACCoyr (b)) pbssss
Abbgo ) gy <85 Sy ACCpreqice 9 Si2ok
Pty FB dge oy hg) &5 Cal o3y (il ol
2 Jle Gleisds cul ail LS sl yhgy 4 Cowd Cdd
Oigy Y Vo) 5 0 A L Resnet slaasis b dwslbo
ool a3l g Ao F/A 5 0 & cwpa olgiidn
oy ¥ VA 5V LVGEG (laasiuls 4 Comas oo
ol A 5 gy do)d Y g 5

4> & b ULHM.» )l.)).g u,..wlo aS Cowl L’)..{] )'1 u§l> CJLJ
Oyl 4,50 sla sty & G |y s (e (GaSe) pows
o b aslie 5 oluiio Yy cpuile i 5 Slas .l 03]
2 sl ol (28l @38 5 plas e oSl g Waasus
.J.mu.o \Q—Agj; )J9La) (-;M)LM’)L’

pLsl o W Y Jgdo pod is ot 4y a2 gL (oo
asddb 4 205 dsye 3,8 adlsl a8 oy Lis o
b lasye pmolad ololid § paseds )5 Sles 3900 4 e
A Cand yigg B 5l (Sl zuli ¢ piomon Db oo VA= 965
vawass Jdods 0 Slas deuty oyl &S canl (LB o g,
Ll 485 O g0 loidy b opdle oy oSN &4 il (459
PRRG R IWE VL PRY P O gwe-{ FPRLIN 1L I W AT PR W
8 9 J)S\Lc& .)W 9) L)" )l w] )me )J9La.\ L})me
Do oo odaline JB (cla yogy b awslde o YL

Bk 31V Aw9sS (lew (wlidil sl (pimg cpl
Sl Lol 5 ks Jels ,\;J)é o el ad S
abdiwd oS 5 g (gdodiwd Sy zlymcml (3l e
GBros $ 50l oSl jl e Shg gl Pl pisu ) il e
Separable ¢lea,¥ .05 osliul Separable Y L
&S At GgglS Ollee plmil (glp b piny b9, S
Broe $ b slaJde 3 Sdos 5 2255 b dgu Al oo

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 Y


http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

S 95 9 oy,

X 53 2okl ;318 w995 (5 lowt andeds

References

1. Murphy A, Liszewski B. Artificial Intelligence and
the Medical Radiation Profession: How Our Advocacy
Must Inform Future Practice. J Med Imaging Radiat Sci
2019; 50(4):S15-9. doi: 10.1016/j.jmir.2019.09.001.
2.WuF, Zhao S, Yu B, Chen YM, Wang W, Song ZG,
et al. A new coronavirus associated with human
respiratory disease in China. Nature
2020;579(7798):265-9. doi: 10.1038/s41586-020-2008-
3.

3. Masood S, Sharif M, Masood A, Yasmin M, Raza M.
A survey on medical image segmentation. Current
Medical Imaging 2015;11(1):3-14.

4. Lou A, Guan S, Loew M. DC-UNet: Rethinking the
U-Net Architecture with Dual Channel Efficient CNN
for Medical Images Segmentation. arXiv:2006.00414.
https://doi.org/10.48550/arXiv.2006.00414

5. Singh D, Kumar V, Vaishali, Kaur M. Classification
of COVID-19 patients from chest CT images using
multi-objective differential evolution-based
convolutional neural networks. European Journal of
Clinical Microbiology & Infectious Diseases
2020;39:1379-89.

6. Pathak Y, Shukla PK, Tiwari A, Stalin S, Singh S.
Deep transfer learning based classification model for
COVID-19 disease. IRBM  2022;43(2):87-92.
https://doi.org/10.1016/j.irbm.2020.05.003

7. Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM,
et al. Coronavirus disease 2019 (COVID-19): a
perspective from China. Radiology 2020;296(2):E15-
25. doi: 10.1148/radiol.2020200490.

8. World Health Organization. Coronavirus disease
(COVID-19) Pandemic; 2020. Available from: [cited
2021 Sep 2]
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019.

9. Worldmeter. (2020). COVID-19 Coronavirus
Pandemic; 2020. [citd 2020 Mar 23]. Available from:
https://www.worldometers.info/coronavirus.

10. Radiology Assistant. X-ray Chest images; 2020.
[citd 2020 Mar 23]. Available from:
https://radiologyassistant.nl/chest/lk-jg-1.

11. Gao J, Jiang Q, Zhou B, Chen D. Convolutional
neural networks for computer-aided detection or
diagnosis in medical image analysis: An overview.
Math  Biosci Eng 2019;16(6):6536-61. doi:
10.3934/mbe.2019326.

12. Takahashi R, Kajikawa Y. Computer-aided
diagnosis: A survey with bibliometric analysis. Int J
Med Inform 2017;101:58-67. doi:
10.1016/j.ijmedinf.2017.02.004.

13. Kesim E, Dokur Z, Olmez T. X-ray chest image
classification by a small-sized convolutional neural
network. Scientific Meeting on Electrical-Electronics &
Biomedical Engineering and Computer Science
(EBBT); 2019 Apr 24-26; Istanbul, Turkey: IEEE;
2019. p. 1-5. doi: 10.1109/EBBT.2019.8742050

14. Singh D, Kumar V, Vaishali, Kaur M. Classification
of COVID-19 patients from chest CT images using
multi-objective differential evolution-based

convolutional neural networks. Eur J Clin Microbiol
Infect Dis 2020; 39(7):1379-89. doi: 10.1007/s10096-
020-03901-z.

15. Hu S, Gao VY, Niu Z, Jiang Y, Li L, Xiao X, et al.
Weakly supervised deep learning for covid-19 infection
detection and classification from ct images. IEEE
Access 2020;8:118869-83.
doi: 10.1109/ACCESS.2020.3005510

16. Abbas A, Abdelsamea MM, Gaber MM.
Classification of COVID-19 in chest X-ray images
using DeTraC deep convolutional neural network. Appl
Intell (Dordr) 2021;51(2):854-64. doi: 10.1007/s10489-
020-01829-7.

17. Makris A, Kontopoulos I, Tserpes K. COVID-19
detection from chest X-Ray images using Deep
Learning and Convolutional Neural Networks. medRxiv
2020.

doi: https://doi.org/10.1101/2020.05.22.20110817

18. Ismael AM, Sengiir A. Deep learning approaches for
COVID-19 detection based on chest X-ray images.
Expert Syst Appl 2021; 164:114054.
doi: 10.1016/j.eswa.2020.114054

19. Roy |, Shai R, Ghosh A, Bej A, Pati SK.
CoWarriorNet: A novel deep-learning framework for
COVID-19 detection from chest X-ray images. New
Gener Comput 2022;40(4):961-85. doi:
10.1007/s00354-021-00143-1.

20. Faroog M, Hafeez A. Covid-resnet: A deep learning
framework for screening of covid19 from radiographs.
arXiv preprint arXiv:2003.14395. 2020.
https://doi.org/10.48550/arXiv.2003.14395

21. Goel T, Murugan R, Mirjalili S, Chakrabartty DK.
OptCoNet: an optimized convolutional neural network
for an automatic diagnosis of COVID-19. Appl Intell
(Dordr) 2021;51(3):1351-66. doi: 10.1007/s10489-020-
01904-z.

22. Karim AM, Kaya H, Alcan V, Sen B, Hadimlioglu
IA. New optimized deep learning application for
COVID-19 detection in chest X-ray images. Symmetry
2022;14(5):1003. https://doi.org/10.3390/sym14051003
23. Nagib AE, Saeed MM, El-Feky SF, Mohamed AK.
Hyperparameters optimization of deep convolutional
neural network for detecting COVID-19 using
differential evolution. InDecision Sciences for COVID-
19: Learning Through Case Studies. Cham: Springer
International Publishing; 2022. p. 305-25.

24. Louati H, Louati A, Bechikh S, Masmoudi F, Aldagj
A, Kariri E. Topology optimization search of deep
convolution neural networks for CT and X-ray image
classification. BMC Med Imaging 2022;22(1):120.
doi: 10.1186/s12880-022-00847-w

25. Bekhet S, Alkinani MH, Tabares-Soto R,
Hassaballah M. An Efficient Method for Covid-19
Detection Using Light Weight Convolutional Neural
Network. Computers, Materials &  Continua
2021;69(2):2475-91.
https://doi.org/10.32604/cmc.2021.018514

26. Cortes C, Vapnik V. Support-vector networks.
Machine Learning 1995;20:273-97.

"y Journal of Health and Biomedical Informatics 2023; 10(2): 111-124


https://doi.org/10.1016/j.irbm.2020.05.003
https://doi.org/10.1109/EBBT.2019.8742050
https://doi.org/10.1109/ACCESS.2020.3005510
https://doi.org/10.1016/j.eswa.2020.114054
https://doi.org/10.3390/sym14051003
https://doi.org/10.1186%2Fs12880-022-00847-w
http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2023.18 ]

093 byloud o 0,93 VLY Ll

S 31 S 9 Codlw Silo 98l dloxo

27. Wang L, Li M. An Efficient Image Retrieval Based
on Fusion of Low-Level Visual Features. Expert
Systems with Applications 2014; 41(4): 1584-92.
https://doi.org/10.48550/arXiv.1811.12695

28. Li C, Xu C, Gui C, Fox MD. Distance regularized
level set evolution and its application to image
segmentation. IEEE Transactions on Image Processing
2010;19(12):3243-54. doi: 10.1109/T1P.2010.2069690
29. Boser BE, Guyon IM, Vapnik VN. A training
algorithm for optimal margin classifiers. InProceedings

of the fifth annual workshop on Computational Learning
Theory; 1992 Jul 27-29; New York NY, United States:
Association for Computing Machinery; 1992. p. 144-
52. https://doi.org/10.1145/130385.130401

30. Peterson LE. K-nearest neighbor. Scholarpedia
2009;4(2):1883.

31. Quinlan JR. Induction of decision trees. Machine
Leaning 1986;1(1): 81-106.
https://doi.org/10.1023/A:1022643204877

Journal of Health and Biomedical Informatics 2023; 10(2): 111-124 VY€


https://doi.org/10.1109/TIP.2010.2069690
https://doi.org/10.1145/130385.130401
https://doi.org/10.1023/A:1022643204877
http://dx.doi.org/10.34172/jhbmi.2023.18
https://jhbmi.com/article-1-733-en.html
http://www.tcpdf.org

