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Abstract:

Introduction: The human heart is a physiologically vital organ whose signals
can be continuously recorded using an electrocardiogram (ECG) device.
Cardiovascular diseases are one of the leading causes of mortality worldwide.
Timely and accurate identification of this condition, along with preventive
measures, can help reduce the incidence of cardiovascular diseases.

Method: This article aimed to predict a group of heart failures based on the
patterns found in extracted features from patients with cardiac arrhythmias,
distinguishing them from samples in a normal state. The proposed model
involves preprocessing operations, such as discretization and replacement of
missing values using column-wise averaging, on the dataset. Subsequently,
feature selection operations were performed on normalized data to reduce
complexity and improve speed and accuracy. The data is then fed into decision
tree classifiers, k-nearest neighbors, naive Bayes, and convolutional neural
networks.

Results: A comparison of the accuracy obtained from different algorithms
before and after applying the proposed method reveals improved performance
across all methods after implementation. Particularly, the convolutional neural
network demonstrates superior performance.

Conclusion: Based on the results, it can be concluded that the proposed model
achieves an accuracy of 92.34%, surpassing other methods.

Keywords: Cardiac Arrhythmia, Convolutional Neural Network, Particle
Swarm Optimization, Multiclass Classification

© 2024 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 2024; 11(1): 26-42 A


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.11%20&domain=pdf&date_stamp=2024-06-20
https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

VEFY Lo OFT o sl oo omdfl oS 3 Comnnd § 9 Co Y Suilo 59851 dlomo r
d0i:10.34172/jhbmi.2024.11

ey (S pole oStily (K Silo il ligios 3550

®

CrossMark

153 (5 jlwdingd pid 951 g (i (was SBAS I LT b (B (g slow Lausiid

*)6 Kus Pl ¢ osixe (e

O epnsd ¢ ol 33T oKl o 5 po s Aoty ¢35l 05,8 ¢ 5 punlS punitign (51575 (yLokud )

HXVWCR

polie Sygo & LS cof ISl 5335 oo oguime 0ij (aSLE S (Seelsnd LU I pludl G tdnide
S5 5> egS e slacde cn inren 5l (o (B9 e~ Slasylon )13 3929 p1,57920,1879 Sl ol Sl eslisl
& o o Grgeyd adl il Clial LB wlys oo (Bgpem ol slaslon a4 b Mo g o D guuna L

Dg0d plidl (6ol a3 935 bl b npin ) olew ool 3483

2955 B oyl ilows 1ot gl (sla Sy )3 29290 SagSl jasus Gan b adllae oyl 1) (A9,
lol (eolpidiny Jto 53 i o st (gole clls I ) Jlaw (sladiged g b dnled oyt (I8 gla Loyl
by & ) Sl plie L3k g giledtunS Slles (il pokn doye b asgere (g,
Sl Clilas (285 g sy (il g (Sam da Sy (S jghale 4y up 9 00 plxl St (655 (ke
g 00k o ibuan 058035 K penas ) slasiail 4 5 43,5 Gygo 0nd Jlog slaodls (g5 «Shg

290 Juoy CNN

o plogl (ooloidus ooy Jloel 5l g Jib clisro (slapi oSl 5l odel Cowday € 5l 45" chunlio ) lraidl
CNN piomen 35S oo oo (g0 €85 b oolpiiy gy Jlasl 51 oy I gy alS 4 59 o osalice !

Gl 03 L 365 51 gy > Shas
les oo Jos o bg,y w5l pias o )3 AY/YY auseits & 55 b (odlaiiny Jdo 8 a8 ol )i gt £ £ w5 Ao

omas (a8 uo‘b")] :thj‘s.\f,ls

:lGo e Ib/
i airlw

VEY/V AR sl
VEYIVIA
VXYY iy L

siuno dubiuns 57
o S ol

Shos/

askari.elham@iau.ac.ir

Ll (¢ pSne b setes 280,/
Sl ookl b (B (g)lony pasuls
5 ol eas gl
oo o oilkingy iaysSl
S S g s Sileygis]

YE-FY (V)Y AFeY

Yy Journal of Health and Biomedical Informatics 2024; 11(1): 26-42



https://dx.doi.org/10.34172/jhbmi.2024.11
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.11%20&domain=pdf&date_stamp=2024-06-20
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

doddio
oDl 095 33 (glosly wlio .ol o ol (oL Slllae caliste (gla gylow oy g Lodly (gyglans ¢ b3 0595 ) )90l
ol 3 G e ol SleMb] (g5l 15y 5 4 )Ly ledbol pllas ool &y g L a8l (il (sloodly Sl g 30 55>
daodld 090l woe ol oy 5l olgn &S opl sly g ol YU Hlus 0k (g yglaon (slmodld w45 ol dn g B ool o bles
3ol oals o] aalsl )3 g egian ign 3,5 oolitul eguae ien sl CSST I Lb @yl cund a1y 4 590 ol g lagSl
Lol pleol ooy (olaolol g cleMbl (clapimme jl 03 S odlitw] g cusl laodls o pie cliwly 53 (g9l nd slacd pivy alos
5 Sy Vol g (Bgpe 9 (8 (ilow 2 Ml VL (e 3 s Jlo 3 [V sl s Jag plill G a1y (i slaoged
9 B &Bly )l 035" has loyd g Cudligy Catio o LSS Sl (o |y e ul Do plpw 3 (B olow ) (U e
smogmze s 586 21 IS 3Skes (690 )l 53 IS jo0 il oo el 1 Slo ) e 51 egd Ui s
Olesls ()1 ol 2 (Y] il (B 063 aleor ) 2 o8] plos Sl 3,90 (5531 ol Jgma (53 Sl s 125 2,15
VoV Jlo 3 3980 oz )3 38xie (sloje 9 S po el &S Canl 1519 8 (6)low gl Bgpe (8 Sl o cuiline S
My ol (B9 =B slacs)lon Sl 1 8 Gigakeo W5l i 457 45 03] (10058 Sle Culline plojl bawgs adlllan S (b
LVl o gl 3 o 5 S po 5l o )d Fo 5l i sdiad L yol (pl a8 Wlosld cuwd

Colow 31 3 a0 9 B yo.dmd o0 Fy Lawgio g sl oS (ol 9uiS )3 W juo 9 S po o yd Vo jl i a8 ilodly lis lalllas e
2 ok g @ 5 glow 5 ol LS o JS pow S 5l Ll crge 588 oMb pllss (Al (ke Gl @ olnl 3 (8
Sl olee 2 S ol clde ks (Bgye 5 (B o lon Cunl 0ad i Gy (V] aed ol 3 She Jle pow 5 p9d slaas)
Sy i8S Oyg0 Sla gy p 4 295 b g et Ug)S 1518 (gila b S5 L WAA JLo (b 51y Bk 1LY sl
20 9 Sy (e g Mtk Cobd g (Bgpe g (8 VMBIV (93 )Uid dlox Sl et slaisslow s ilow ool 4 (LM
8 Blon plo Jlio ) ditun (Bg)e g (5 (5)lon )l oS (63,81 e8ly 53 [F] el jiiy (Mo 505 4y Conas 331l 5
olor 4 Ml 300 5 055 )8 (6) S0y 350 sy (slmog S oguad 4y dnole 28l oY 1 130y imlgs iyl i 4,
o sl plylal (Sloj Alis cpl bl (B8 yeo 9 Sye (lie U35 659k (silow 4wy S1L 93,5 S5 oy | (8
S b lpd @ de g b low 4 313l (Ol o i Caz p3Y Slasged 9313 518 ol 3)90 1y 313 con bl s
5 jor GRS G Slgi oo ol () A aeis WMo g sl 555 5l LS (> g adgl Al yo 13 1) (ilew Glgn B3 ) ], 0L
oty Sl Gl Gbeudlie lagiugs )3 (giae (i (lai)sld I Glgiee calple 8] L3L b lon £ cnl o
[5] 555 eslizad 35 5 lows

oyl b i po (sl loss (b 3 Bros 53k Ol 95 5 S 5ae Lhsp oy (55 4 Gl onl Bum il () )3
53 Ak Cand (glow plBimdg; pasuis ¢lp ols ) Kaly 4 bl 5l eslitul b ailgn Sleys o blags ST g oSip b cul 8
SAeMbl Slgia Loginn Lban b3 e s oy S50 |y 3y Sl wle 45 b jgtile anle Kby (slbolKiod G gy
g S (oo 23005 0401 )3 1yl 45 likas Siile (g ponmy bulpd dagie w9 41358 5l ey 5 008 slaen |y oK
B sbacsilon » S50 slaysSl nghe solaie 4 Bres 6350k lagby) 2 e (S W)l i addllae cpl B iy (pl 5
il o5 Ay doxi ol & Olgiee 0ad bl Cliiog g oy bl silen ol pIRYS5 ais Caa (Bgs
e Sy e da Shg Q]38 o il CleMbl (A5l p ey ST Jlos! o I ol Sl (gyls (8 sl JiSns
dcgene ghtl ey N gaball At )3 dlugy (Shy Copde ey M Mdb diue DL d9ie (sl oS
st Ghlow paseis Caa (dldda wi)oN 38 LI 9 bl cpl 3 om I Ban haggy cul 3 I a3l e 0 8 g b Shs
bl o

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 YA


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo
d0i:10.34172/jhbmi.2024.11
OloyS (S pole Sl ((Sdjy Sisloygis) ciios 30

¢
Sy > 4 &S wlioo 39S Bgpe Sl b (S5 Jold g WS e 253 1) Bgpe bl &5 sl (glen T3y So (B lew
dgama b dlae 4 1) (g3 Gl Wlg e S cpl 2980 dbml lapl b (JBI (slaoyled (595 2 (222 9 J9medS Cgu,)
ot WS 4 e Bl il 392y hnd sl (b Gl bog ML AN 3y S8 b @ S alae ST
Ysore 45 355 AMI(Acute Myocardial Infarction) (s aliac sl e, L s MI(Myocardial Infarction)
P95 1a @bsilon 4 e LS 5 I8 CYMBT S (g o0 40N & g0 4 (plpl il ol a3 lid (S alos i 4
(Al siley (6l )35 oS alos (SaSns] i el SRS ] ¢y o] (ol ] B U] SIS ) B
ool BBy S50 slasylon Elgil (sl (rer Mol (ol glag)lon D9d g0 5 pole (i slasilon g Jame Bgye (lew
el o (pFSblas jl (SG g 4 ool (olie @) o b)) dacsle ((Seiif Cluogad (o Azt Jle b (4 )lo
[¥] 85500 dodio (390 g B w4 ol 0 Lo )] )3l 413, a8 sy s o340 51 (6l coml oLl (3055 55 lae o
U by 53 & JgyidS sVL gaw L9 0 S 3y (b S 4y S8 asly Vb (993 )L38 L (o1l (slo s lown 51 6yl
Loyl don A7)l L8 598" Bgye (JSI> (slajlend 59y Nlg oo 0rd gLl slaop Jl (Vb aw b osds 8 (238 @5 ]
o1 B 4y 435 g ST By e 31 gilo 5 d9e Jald |y st s, LIl Y cand bl 5 Sluls LS5 aslola,
Cod &y 0535 00 )8 (ilE dlox 516 5V jlad (5 5me 53 53l aoyd 9 WS Sl 1) g3 5 (BB e Wl ed B S (6 5bay
302 (sl gy sl Sl s slo Gl Sl el e Spgods g (B o ilon pasit sly Skl slaoly o]
s ySuges 5l g md BLI B ()l 4 Mo il et 3 (6 palesel LB 5 Sos Kl co (A saisslon oy
2 O lp (ol (o) pl)923) 8958l 3950 Lo (6 pSrens Ll b o Shig glipeinl g olins bwgi slew | cilisre
ke T9S R QP clogge Jols 4 5,5 0 0 1) (ome slogse 2 plS 23,8980 gse .l sl o (B cllad
S 365 2 paseis gl |y S CleMblzge 9 o ol 5 Jobo (JUSow g5l LS dlox 51 glgal el I (iune b S
Sz b g s B s g 428l g0 3l plate B by oy )> BT I (i B (gl e 50 eyl LS o o] B
0] 239850 019> oy 3 B 3 Shee ualS el a8

o)l sl cplpl Wigh o (5)g8 Sye el g st (S35 0uiS g ol 1 (B 45 3 32y ey il ¢l
el 35 6ol sloimg ¢ oalh (sla s lon iimytin liaios (slioly 1 bl 4zl B hlan o s 5 age L Sl e
lSen 5 gk 9 oo B (5 lon pBIRIG; el Caer liSee SlacSiSS g 4 i ] ae S CES O g dine
i vas Kb 3l )] islon pasds Caa sndiiiieel el b S llgn et siloand 5 Sk dua L
i ras 4Sud & (939)5 Ol 4 Jgl alge culul adlhe oo I e 5 (F9)U [V] 53,8 osliial Y i gy
CEY Ay (2999) (saudids 43 g 03,8 edliwl ey Ve Yy aS bk 4Y 93 LCNN (Convolutional Neural Network)
ol ve gl S gl ] sl pid U3, 3l o)Sen 5 (S9,U izl Cusd VA £ 4 awdlS iy (anabl (sl o AYZ/T-
ZAVINY 8> & (29390 (gl (gl ol & 2 9 b aiad Bl SVM aidib (6399 olgis 4 00 gl 5l (sl S 5,8
JA] sl o (5)l55 7NV s & S ks gabdib gly g Ao )d

Clas i) gy a5 2 (e olidais Goyb 5l B g a8 lon sl lgis cod gy ) GhKan 5 0l b
oy 4 polibaie 3l I 5)low sl (gu)p adllas cpl ol Ban aibly (B (len pasill 5 Guhe (o) @
SHIL Badal g duie Cudgo 3:83 sl Cua (035150 2929 (izmen g i JIS Lo jloslisul b o s Ll (glaasid
Bl (383 oy p o 4 pacds )b jload wl)] )13l 5 45 BS (s g a0l dB Dy bl (383 (o) 4 (oulidniie
390 1y Mo 0> 1> ity 5 65 A1 5 205000 ilon £ e 2 00,00 4l il g 4y g 5 e
{3 w23 )18 (215

Y4 Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

@

ASS omona )3 (g9lST0ld (Gl STl ooliwl b 1y diabgn B pU 4y (6 ylows o Liwpieaw AWaNg 4 Palaniappan
i bt 45T s 5 sad o gul o5 g ST clue p (Sbp odmn SV 15w 4 e o) 530 dxwgs CNN g 50
odlail b g 0099 syl LB g dloiel LB ¢ dy poliie cdiaan 10)5 gy (e a5 3 )50 it 2idd Zrwly Y5 cpl 4y Ailgs o5
B slacslon 4 (18 slow Jleinl e 08 g (193 A5 (393U iz oy S Sl (S8 sla el )l 69y 595 021> 5]
2 e (BB ghlew i Sl et asuiS ¢ o))k 4 Shivsankar 4 Venkatalakshmi [V«] 5,8 o i |,
9 Masethe [VV] 1335 Jols quenai cé )0 bosds dbul Jde coro (gl doyd AF/+) lude aiislyy cglSonly (clacsuss
d90 J g (2B @) B Ly ol g5 (53 ,lid (g 1B ()9 6y (Jo S ol (lps LIl i 4
Skl (o Js & 5 1S o IS 3olas JSix ygely (st o550 31 02zl U o S5 3 st sl b Lo Jao [VY]
Oedle (6350l 550 (LS Halls o8l L UM)‘ sbodls | g g0 Ll ons bl s S59 89y 2 eomile (6,30l alisco
Flize s bl daodly (5lo Jlo g 3l us ool 0 odlanl oy Gan ¢l (University of California Irvine) cplg)
(K-Nearest Neighbor) a,lues 55 K (Support Vector Machine) luiio jisp cwole (g5 p (slalspo V+
oy9) cawd 4 L Multi-Layer Perceptron «8 sl olis om0 gols b Jlael Y dis (g iy g (3olai S w0l 5o
TVEY g 7515 5 & SVM g KNN (glys 0 dwlone ey a5 s )3 o550 JUS 1) 1505 sladidils LAV/YS lawgie cé>
Jolis (g, cpl sl slpiion 1) (Sssly (s5le iSTas 5l eslizl L MDDM(reduction via Dependence Maximization
099y ol il 0as (g )35 Bl A alely gl 45 345 o (Principal component analysis) s ialS i,
Slre 3l ookl b (oIS 4 bgape (oM sl g Sy om (Stuly (ilo Sl dlwg ]y In Sy 5l gaas; S
W58 ks s sl Sy sl al) b S 5l slas gemme Al o i yilid sla g ]l A8 o dloul i ad Ll Sl
3l gtz (Shg Bl (SlaSSS ol Ale 055 o0 Sl Jlime Jido (it b (S 329 A gazen o) (g3l Sl ey
ol KS5[Vo] Yu 9 Kong Dgas odlaiwl o Gl g Sho b ol dws p din codly @l gl Slg o (g
8,5 5 s Sie sy MT)K (P> u*’l“" 2SS ol oy ey B1S gabaild Slply s > gl S
S5 4l Jobs @l a8 o (b)) oB Jlre S L) dsgeme o yp g Canl ABay slacawr b SIS Ll > e
sl 0392 (3850 sl (53lecdiy B9 (i

Clsl g g8 Bls g oainS yolde x8) (gly 00> dsgosmo L;”]CA; o B olow pRR2g) (aseis cus )Sed g 50500
09,5 Y+ &ygods odly punds gg 505 CNIN 4 5)lg o Gl (59 VF w0905 03kt guY 39, 5l (S
b gl oy Y (s 4 Jols = 0y95 BF b o plos 40 S Jolis a8 il .0 et 9] 09,5 3 /V+ 5 L3jse]
93 5 yid 93 (gl pigdgils Y > Cuwl Lais lolos OY S g pbdels Y 93— g Jlisl )l jlo b @b olyen 4 7 +/V0 lade
ool 8 lasein b 5:8ke Sidss slas o 5k yles 5l ped &Y 53 .td oaalin jlo Jld ali ol pon 4y (1 Sike Sidey 40Y
093 &Y 3)lg g 035 ol Juate Y e olayielll g 09y OV s Jate pled Y Sy 3)ly 00l W95 (295 e
b 48 sl (oo paseds (oIS Jol €l 53 3,5 oo )8 sl 3y90 s 93 53 0 )b dSd (305 A3 I L 5 o3
2,8 (WMo g5 wlul p aS dad o Y8 Ly Dy90 AwMS Hlox clls 1) 2 aSl ped b )3 5 a0y Vg ¢ dlael
@ oM F b )3 5 7AY Gl 4 oyl NS 50 aSud €Bd (g (nl 0 edee b bl (B slag o IS 01,
V] cdl s NS cd>

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 Yo


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo
d0i:10.34172/jhbmi.2024.11
OloyS (S pole Sl ((Sdjy Sisloygis) ciios 30

L

O LS‘)‘.‘ (s ‘&M’ 9 “%w u’)’“iz"’)J ‘uéb““’s Jio ‘u‘“"-‘“" )b)’. ut'“’l" M\: }‘ u’-b LS)L‘W e Shajl
c@lﬂb‘ 9 $iodalb Jl.o.;‘ e &S sl wlsusl ufji$ Ve olow YV - 39> )| ‘N§ > b u;ﬂlzz»c)‘.) Epo g0 J> LS])‘. 3D g0 oslawl

ANGYOro [\W] cuwl suds odlatwl josuiuy mas aSud jl 3aios opl )0 b |y s s (9 T Cunyd 2o )2 AY CBD b (ae 48
9 3905 0l il 1 305 g luidn Sy il SS90 5 B (g )lew plimdg) e dem0 sl KUINIA
DIA] conl ol Jla g owile wi,050) (655 oaimd L ] doeis a5 canl  Sg VF b diges Yo Jols ol 031> dc gosme

5 b 09 ) el €80 oty )y Gadle w2 sl Jlaz 0Slas €85 (B ()low (e caa Kumar , Singh
V¥ hls adgdds o3l (5500 51 ) Cod Sladiges jlude 31> )13 gy py90 |y (B ()lonw el )3 e (T35
il s Jo (gl 1l )5 05 gl sl Bas Cdo S olyen 4 cuslio (S5 W gl e 5145 030 (g VO L iges
g 83 jlime oll 2 g 805 Jlasl baosly (g9 (sanadb (slapi jo5Jl a5 35 il by V g+ ©jgo 4 i35l daosls
O o dholb Lolul poaiS canaib opl il atily g5 ) 6X) ple 4 Cus Cudly ZAY CE b dlaad o 505
oslawl @5)‘991 lrosly aan jlas pl s 4 caS Wl Colee LYl cw] sl as e claodly (gly g 08 0 )8 aodls
(3l 35 abadle sl s b (6 S0k slapty oS plo b dunlie )3 5 adl S (oS luolme blod 1295 00 g S o0
Cuwl (lus Lo ol sla 559 5 0010 olide s Cund g 09y dles Fewy| s i « S5 B lade bl Gygo )d g canl oYL
Al g, Bl (gl K Lwgi ol ¢l (slbodly dcgaro g cogas Cubligy 0313 degasme g WgulS 00l degaze jI Khan [V ]
Al oLy ipal Al o 51 o 15 (6 5000 > plo33] (6 ldinge i ygSI 51 S5ng Sl (sl 3905 00lital co ] _suuae
93 S 5 295 03k yd plee Kbpp  Hlis ply o il (odle e ams SI 6 8,5 )13 Liolojl 5y90 (gl jgpw pd 0k s
Cool 73N o] €85 &5 0 (oolpy aSd ol a2 4y el bl (gilodige oysNl 5 Boes (550 (s 45 o255
oY oSl g la Shg Il )3 a5 W05 edlitel CNN G 51 B8 (g5lows o i S0 sy o)e 9 Dutta [V ]
o1 S 5 wbl g 59,9 5T ()] 245 45 W9 o e plod 4 S5 3,19 (63959 O+ uuams ¢ 0 el (Lasso Algorithm)
2 15wy e Lials |y 35l i Y. &8 (drop out) gl Gl K g (RELU) 0. Jlglyl 5l @b S ol o 4
ol (golpiiins (6ylore b Jlosl L8 Clasuive g yild jlaa pgd Y 10 5 0 odlitwl 1Sle Kidgy S5 g jilid 90 Jol Y
IYV] ol 2o )3 V8 €35 b olyads Jdo ) 3,80ee ol ciolojl yiol )b VYSY g djgal yol b YYSEY

58 sl By by slacsslon (dniin lp Groe 5153k Ol 9 5 (S ghae (hgn lahy) S edlil addllae oyl Bun
pRinsg; pasuis ly ol Kaly a4 bl 5l eslatwl b asles Sy g il SThe g s b Bgb 0 Joolbs cd8 o)
Oied wad o )l woyp dyse 1) 08 Sl Me &S LB jaile aile (Sip slrolSiws BOMS  x8lg)d b Cund (gylew
31y slon 45 s 5le ¢ o bl dngie o5 5| o 5055 (Sogleen | oS53 (el 5 n 25
Jae il o ECG el i g9y 5 oB )l simiin can igd cpl 0 odloiuin Jdo dgu liS o Mdgd o]
> Ored 4 5 1y Shee o sba Shg gl el (ably S oo Jlosl (639)9 g pile g9, &5 (bl @ a2 L (oloii
355 30l g )55 Sl e 5 5m lo Sy ol | e 3 salgt ) (65585 6,53k

PLETIY
Ol Bl caa Uy oo 53 4 (6900 (lB ()low PRI (i s Medbgn (Jhe (B yme 0ad pbnil gla oy p 4 a5 b
2 s $ 500 calisee slaph )oSUl Jlasl b jglate (s 29 &)l Baas (6 pSob (ladSid CuS 5 p (e (Jde (e <D
g b a3y (ol glag)lon paskid Sl res (as (Al > Slas sy 4 1Akl pbxl g 0D (s 03b oL (59,
ety At Jdo cilises (gl Jho (oLl ()32 b g (ob5)) s 9 Baes (orae 104 (5590l (sl culio sl yzalb (8l L

¥y Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

O JSE b dgue 1y (8 e il S cdy lan U cul wlab SO i i cdd il dadllas fpl il s )8
A3 o i 1) (oaleiduy (sbg, (IS N9,

{‘.—-5 izl Soley OEs1s ‘L‘r’.“}

v

{ La aala g5ladle J

v

[JUS P PV U FAPL PN .54.;_.}

h 4 h 4

S| - s e
v

‘ Sb 5l a8 Ll S ol ‘

(praai S50 Dl w0 L)

h 4
[A.:.GJ S 31 gl ol u“‘-l)g-lb]

‘ Geor 5250k o2, R L s aib ‘

B ooty 5T Ol o Ll 82 g S (§0Mewby Juto 1) JSWS

i oSl dliwg 4y oo -0 SIS yastiie sladegeze 4y WS olwl y badiges Taul o) S 4 do g b g (g0lpiuiay Jo 5o
Siltinge sl Lausgs el €8 )0 Ban i b (et litel g Wil Jlade (s olol ) 2i0d (w305 ISy 4 (23059
ez oSl byl 4 dagi b0 S5 sla Sy gl 4 porie (JolSS w5l opl (S g (L 3 45 AD plosl )
L K-Fold (clads 1o 03 i liel anTy3 11 o))y oYL (o)5 03l degamo (pl (S 2 o (6353b winyg3) 45 s asuiie
Rl Sy (il J§ B g ol adlid S5 o Shg 3950 Bl (L > . pndy pbsl domy Bres (6350k pi Nl

Dgus o0 03 s g7 (ool Jdo i dabdl jd 0l 5)]55 dib & Cuxels g Cdd ganaib S 8y yogde

bla gy )l 0939 Lad oyl 3 a8 blas g Lad 4y an g b lyd pbodjl (g5lwaing wioyol )0 21,5 sladjl gilwaigs @

3 yobate b oo 09,5 S5 yd By S ad 41,8 ol S e S aigy LIS cowws 1,505 bl a8 3,00 34 g aige

o v5 O b blE Al e Y €83 5 ml s Sk sl plon die el g cusl i ba Shy S 5 ploa LIS

abat 4 |y Gliola Shg oplplo (aiS augy dad 4 dud 1) 395 dalgs o Ja (A8 SO0 age bla 4 1y 095 S o

4 ol [l 1y €85 0p 5V (pojgessS) Sy 5l a5 plaS oS WS oo pasidie wloyoSUl (nl Culed o S (o0 dige

oo odlistul (B3l b Bun @b plie o prenad ©8) w sl Sl bl )3 w3 e (g poigessS 2 d9ree SRy
ol i pgjgeg Sy L8> 45 WS oo (s winygNIl g Wgud oo JUoyl o )oSUl cl 4 0 Sl slapgjgeg)ST

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 Yy


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

@
VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo

d0i:10.34172/jhbmi.2024.11
OleyS (Sbjy pole ARl ¢ S5y Sibo ol i S e

D

28 2,8kes 51148 Cunl o gian e aSid o5 (iom b IS e a8l (CNN iglgils cuas (el @
Slopiass LS (wlidil ity g pgal (wlidil dile (o3 sly g Cusl 0ad 43S plel Cllge 5 laglusl e
2 Slibos o8 Conl (I CNN (g)lore )3 (Lol (1258 355 o0 5118 03kl 3550 350l 5 (s G olj GBS S awess
G Shs il sy K ol o g Bgs bas SleMbl )3 Sluer 5 S SleMbl U 550 0 plil (53955 slrodld (59,
LY (5dgdgls 4V 5l Bl le oS 290 S5 Lol Y dw JICNIN 4l 6 (S yboty ] o cmd & 0 (53508
Al yo 3,5 3939 390l (sl dlnye o3 CNIN 2 53 .aim o plosl |y alises Ciyllsg calisen (oY . hato bobos &Y 4 plis)
9o Slagjy (ried 9 dggls Sy 3 Spie slagy (bjgel Wl Job o . les il ot e g o) sl
Oial38l o )3 g a8y biael AT (gl el ly i ElS s s HB gty (53gIlST uate MlS sloY (e
il 0l S35 5 oY 5l IS jsbay aiod cul )3 00 03lazel CNN [YYrgd o (6 dyponess

BB o ils | slacgemme Jold igdgilS &Y (glajiel)l .casl CNN onms LS5 Lol dwn Y (pl 1piglgils as¥-

ssboer 9 (539)5 SRodls (JIS) Liomn w2 ) sl e lapld ) 3PP pas aSud daa¥ ) > s 6,50k

ol ol )l (ol cujo sz (8gglS” Cllos plonl )3 Ciliseo (sl Sy cullS 4395 cpl S (o0 o3l (Slio (sla Sy caslsS

lon (o fusSiy o bl dome Jlail g 355 00 o piel)y 2 sl (2alS sl (S hag CudlSS o )5 (59 STiil pjlse o5

5 e (611 42 )3 s 5 25800 155 IS0 e 4 S BLS g (Sl i Sl 4l (l o egd 05 00 0L )

soblen 95 5698 e e 038 U 3948 g0 ey yal () g b g0 (RIJEN (wgume sobds s 15Ok sl oY (sladiges dlass

an3 e plol 5,5 5l o3lizel b 2399 EEG i g9 |y 5595 Jos a¥ ol 15 o)Ll a5

8l o ol i gy 45 XS o Lbyme 45 4y ) bl ey 42Y (] 45 sl RELU Y alskeo o) ala

x =max(0,x) e (V)

5 Sy catls ojlul 2l ely ol g 35500 8 agglS AY il an Ygeme plial Y K zplé] glaasy-
2 dler Sy (35 L b 4 pliol s (ilgdgls sbaY wiles 58 edlitl Glgiee 4Sud byl
Lo jloosly o pzely cuSilo 5 warsSle b 31 oolisol b lea] Y (gjluosly Mt yusiior e oS & Capa g5 lolo
’ DyS e Oygo
Sy B 3 aSb doms b 13 e ojlal Y oyl 55 g uate lolas (sloy¥ eplesl Y 5T 5| a2 hctin Lolod dg¥-
Dy 0000 (g gl oy dabdl s oy cpl 3l le e Dadd 03y LS ez ojll Ll
2 a8 Cadd Sygo il a Gl S 055 093 g0 e0litl Sl eny xSl jdlaieds Y (ol i Bolal Bl a¥-
g o &S00 gy 40 51 Jlonl b ygy55 0 3590l 4l o
oS Cusl gyl S 0920 5 3900 Byme by L S Sol gite & LN gy S5l 18-
S bl oS g5 4y 980 iy aSS P Janl bl 5 o 4l gy (4565 51) PY Jle L gy 2 e bjsel 3l el yo
oo b IS Y g plS (gae siall ol S e S5 |y gy 035 0] sialblb s ey 3L o o3l LinlS 4K
WS o0 JyES 1) Ned oo e (639)9 035 )3 42l Sy ) (gl Y )3 &5 alagyg)e S (Bes el s
@) 2ep & cul Ko G ilodld @l gde Jlosl silold @l S o8dgls Y 5l g5l a8 @l
ls=e @ RELU 1 (ragsy cnl )3 355 00 ool aSud )il (3)5 (s i d sl 5 WS o0 <l laigdg)5 5l (slas goore

¥y Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

@

@ Comd S Sl plp 3wl b 1) g Jad 1t canls oS ool 5l g conl o odlitnl pigdgils oY 3 (ol
el pglio (639)9
paB o Slp BT Jeate plod Y )3 g WS e dsle | (295 (sl M8 sl g @l cnl tpeSe bl ml-
Do o 03latwl 8 oyl
=W

o (y305] 5 (o590l (slmas gozra 5 93 & 02l de garme sl 0ud (iludend (igly 381 p 5 by adlllas (] (glaciond 48

Dgus oo 031 i (oolpiddiy Jdo (g5l ooly Lol (gl g cawlind dall y> L0

UCI (https://www.kaggle.com/datasets/redwankarimsony/heart-disease-data) cwslys e

losly ol o odlitwl UCH fpuile (6,35 5500 5l B (ola o )] 3939 pae b 393 i yolaie 4 caullae ol )

UCI 231> asg05% 13 (5,1,55 (s3> aoyd o (WS sdCaws 1) Jgan

B (o)) W o 2 (ormadSS1) Y o 2 3,
INTAY wle Normal \
/vy 5955 B9y & low Coronary Artery Disease Y
YIY (o118) (5 LogsS sl Old Anterior Myocardial Infarction v
Iy (3)8 gu0) (B g5, las] Old Inferior Myocardial Infarction ¥
y/a oG S A Sinus Tachycardia 0
/o g (A S Sinus Bradycardia 5
-IY sl w295 lslal Ventricular Premature Contraction Y
Al iy 358 Luyd95 (SLas] Supraventricular Premature A

Contraction

y oAby (ghsLa sl Left Bundle Branch Block q
WA Canly ady (glad L sl Right Bundle Branch Block \-
o8 o) gdls o gl 15T Degree AV Block X

oalB sl als o pragd 25T Degree AV Block VY

ol ol dls o progu 33T Degree AV Block WY

A o s (Beyun Left Vertical Hypertrophy ¥
A P AT IRV (R Atrial Fibrillation 0
¥/a Jm Others \$

S slost S92 pas 02imd (LS ) NS ez g o0 (IS iz scilie ISVl ez S arass L oS
Gl 00 iy ya3 515 dsgasme y3 LMS VE &S pl 4 o g b i e asuiie |y e )] calisee glgil S0 oISV g
o Ve il il ossalie LB Y S0 50 a8 job lad g odalice (oS 2 3 odly mje5 Jol pad )0 cunl LS
dcgozme (sBodd Mo Yl S AT WY 5 VY A Y gla oS Wile la WSl By Lol s Jloy Cunsg 0 bosl
xo Gl aS 1y g3 diges 93 LS A oS Jlie lgie )l (o pdy (ieel (sl (odle Lalps W)l Ll a1y 480

g s0lgss Jod LB o] (i aiel baulpd 45 0,k 00 Sygo S0 digei b 903l 5 Aiges S b o pdy el ol

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 \E


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

@
VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo r
d0i:10.34172/jhbmi.2024.11
OloyS (S pole Sl ((Sdjy Sisloygis) ciios 30

15 plool K-fold cross validation ;1 eslacw! b s lsel g o905l 9 (y5590] axllas oyl 534S 395 030> peuser canl oY

bigel KFOID cpl 69y b K Jae w295 oo maniis Cilisco S K @y oy e 590T g9 (il 5 il go (K=Y 1) a8 (g psbos
g oo duwle By 1l 1Sike Coles ) g kel Cowd 4 B> k gyl do g o 03D

b OTYO

S8

Gl ooy, 515 ds gocxo (S WS 3 Lidiged @595 1Y S

SOWeday (g 53 48y Sl pdlie (5Kl
Dgulid Cupde w)d 4 335e lawgd dd) Cuwd 1 polde 1.l phe odly 3950 Co pide (gl A8y Cuwd | polde pagie Sy
S g didy Cuwd jl polae a5 ol 50 cuwydl Copie dy gl b0 1S5 O yauo ool 0)l)d Cuw )b (6 puS A Cold ) Cunl (Seo
@ odimd gl a5 dmd o Fy Sloj Gl 9k 3lge gy dalgd cglate 500 uls j Skmgd bawei odel Cawd 4 dsui )l
Comolus > & @Yl (B0 & Canl (S B gl o oo gl (i1 d90eS" b (S ¢y yinl Jdd 40 ol &Y l5w
b Gls jlad, cand 3 laodly b 4wl (Son B Nad o Jold |y a8y Cuwd 3l polie guwly lasd oyl &S xals Fwl
Blo oo g 4355 51 yolie ol lgi o Biote el 3150 170 1 a8 diby Cawd 313,lg0 slaws ST.08" ool osly 1351
A8

031> w315 0 yis gl 516 @
WS o pavuin |y (B gl Lyl go aS 4Bl degemre I gt SOy L bl o (83,9 B degezme ulss A ol
Solox 1 (ool e ay IS piiie gl (g308 jlMe jo (lm 398 0 Pl (g5l day dls yo 53 095 o0 031 iz 1B
Inferior Myocardial ) L jlazs| 4, 45 pgs a5 3,5 g0 wgiS )il ol Jlado 0 ¥ Jlade Jlo oloic @) 548 0 s B
g 4ty Cawd | claodls (5> dcgasme (claakd ;I pdm > aS bl I (Cul odd Jia5 g 0 o3l Lis IMI (Infarction
slad jl 4Bl degemme 0 Jlow slacoMe pl (gls 4 S 20 oyt S Al yo 43 igid o o o CoMe b aosld ol 90yl
d9dicn RS (g3 g9 & M 9340 g9 5l &S ool plo Sl oMo sl 4 (JB (slalad (o S0l w9 ool J-
dsgee )9S Mo Ol 5l dry Migus oy (Igiw (655 wle gy 4 Ay Cuwd I polie b0l lawgl ad) cuwd I slaodly g
g

el 5531 gl Wit 1951 51 oolist b givaieb 103 6 @

Yo Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

‘B I iy s §WaSu 51 0ol b B g lows aneuls

Cawd 3l glaodly 48,5 (i 3 5wy gl odld g el o ollgs LB 1 5 snd ddg B0l degasme LB 5B aile B pl o
iliseo (glag 6l 5l ookl 5l Ban 59 o JUo)) CNIN g 03lo 5 cilnod o 5Sn5 K qoponai €6 )3 dndils duw 4 433,
QB N SE 0y oy 0,Sas pi oSl plAST S 0a asuiie U Wgd duolie (0S5 b e ol pl 0 )Sas oS canl
Iy aidy Cowd 5l slaosly g9y » syt o CNIN g 00l 5 cdslunods o3 53S0 5 K cpmonas € )3 (sl ol bawgs ol

'
L) k;_;; A Or,0F Q¥ TT
V¥,00 e o S
st [l
vl
e 2 L L

03l 3 e unod (1 5330 35 K comonal S 13 (6 eks 1951 Lrwg aukel Cowd &y s Y JSUS
Wby Cuwd 51 50313 (9, 2 (5 dS 92 CNN

A3 o i 1y g ol ol 3 Sl el F S5 .Sloads Jlasl CNIN g o5los o e lunads [ 5005 k

[
F 08,7 bb,av

\ )l._-ﬁ
\\‘5‘\
E-Ju- ﬁf-’l

Mk—-ﬂ': diban .’5_3 osbe oo

\_,"..4
ObYol U CNN g o5lw ey lunod (y 5503 35 K comonad Cb 45 5Ly 1ol bawgi o] Cuwd dy C € JSUWS
&dy Cowd 3 gboald g9y 5

ool Cawd 4y (clEES g lio b sl 1o 3 DA/AY VISV DF/M DO/FY b sl plyy ol o 4y cowd 1 p3lie LCNN

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 ™


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo

d0i:10.34172/jhbmi.2024.11
olosS (K551 pole AS515 (K3, Kool cliios 55,0

D

ly oy ol 4y cand 5l sloodls b e )3 o o,lil (clasiails ;> ool Cawd 4y 8> a5 3y lis @l ¥ o ¥ Jglis 5
e 5YL gy sl 4 Cosns CNIN 5 Slas cpuizmon 113 oo 41
Oleb! (S8, 9 S5 PSSO gy oK1 51 0oLl b (S509 L) 1ogumw 16 @

PSO(Particle swarm optimization) wls pbesjl (gjlwaigs calisee (ig) dw 5l (She bl jolaie 4 B ol )
Sl .l sud oolazwl IG(Information Gain) wleMbl Susl,, 5 GA(Genetic Algorithm) 5w ,5!
Slas g Wgus OBl il (g yin el a5 ola] (5ol dcgeme sla Shg e ;I U e e plosl W cpl & (S
P33 Cas p (i g 00D oS (S 9 Gl o) 45 9980 sl 05 ploxl (8 4 ) cpl STk Rl b S
buwy (She cbuwl cus odel Cowd 4y B> O S ol we jloans el yo ol oplply g iy 0ol Cowd 4 B 5
@l ol G0l degame y3 and e ol Ty CleMbl LSuSlyy 5 K5 wiysSl )y pladjl gjlodingg slpi,sS]
Sl a3 ) an el anbly gy 3,80 (Shy S5l 3 50 vyl 93 4 s b ploajl (giludingg oo

A5 pbsl Bras (650 o psNl by (ganail ¢ Sy

A

\I"

CLY eds FY,04

?

B

*

.

Y,

'K s S A
b pleal gl g SRy PO S olenila \_;_L.S'l

9 S5 oyl ey ol d 1 g5lw dind (s 49N bawgi (S g L 1 o] Cuwd &y srcds o IS
OleVb! ;..\.25',.;

&b (9, 1ok B @
caliseo 03> b ygaeo oo 5l SleMbl (5513 ¢ Slusle cas 4 g 43,5 Cygo Baes (63300 wb p asby clpl 4 L))
SYL Cepn b olaliblesus dps Gygps 1 aad pbool ) Glles opl el jlass) oles o Jgeme 033l S 51,5 0 plodl
ol oSl o oolitl (gl giasliy (U5 5l ol gy silwesly cslp Adlice 358 Sl B pre sl 5l S
s omgir b Sl sl 103 e 555 5l 55 o s e‘;b Jae

(Linux) u..s,.J L,.;u 2y CAg‘lgLiﬁSA 9 Intel Xeon 2 E5-2620 2.0GH ox)‘b),; b w59y +.).Y (Tensor Flow)
ol ods 0313 LS Y oo )0 (golpiiday Jdo palais (gly 00liiul 550 (sl o]yl yols Ll ouds plol

Yy Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
https://blog.faradars.org/top-python-deep-learning-libraries/
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

Wi Joo oulild (gl 1 05Uw] 5590 (L ol )y y 0 2Y Jou

ofee L;).fbbv
a" )l)&’
Adam )L»w
Y awd plu
RelLU sl Jlad @U
VY A4S gax0ys
ofeed Ol ol

@ N oo ol A8y Cowd | polde b aodld 5 puime polie b ool diwd 50 4y 5 Lgd oo okled 501> degazes Tl 518 oyl )
9 S5 (ke gy 4 pdlie (3Rl by, Sl iy Cuwd ) polie (a3 )lade gl g 398 o0 Bl un pr prine 3lie colo
9 50

okaieds 03,5 pleal 0old degesre ya 13 la S g plaS 358 asuin U 3gd o plodl acgazs 3l plaS” o (gl (g ol wlles
ol pi ) oSl 0 o3l b Bue ol lais 4 paenal Co 0 ool x i 00ltwl paewal <3 )0 i yoSl l a Shg pled]
D35 oo )ly8 eolazwl 5yg0 yld pladjl (g 5lodingg

Gl oalliy 3593 Blo ey 5 wiloy (Bl bl s 1 5L slagyjs b 09 e (359 kil e ety )8 g oS sl Sl
g o (39 Sl daasgazma Sl plS o

slad ) ahi S e 40,5 o (Particle Swarm Optimization) el (g5l auge » <d oy e Slol Slws g )
Oloys oyt g i sUad 3 1y 295 o oy cp it Slgiee 1 o ol b o) b g0 w85 a5 3 san 0 (sopins
Casdgo yinled oleie 4 [Xi1 = (X1, X2, .. o, XiD)] Sl S SIPSO s bl 3jlay bl 4 09,5 IS olie 50 1, 395
[vi = (vi1, viz,... ... , UiD)] o plgie 4103 ey ol 0gMe Cansl gmins (5Lad sl D g 34 0 a3l T )
PR 9998 oo vl odd (y yai glacusBss I Phest Gylgis 4 b o dul Glyd lawgs &S aBge p pins Dgb o 00l L
(V) bl gy a9 (V) by 395 Casbge (ol plodjl Clpds 298 00 48,5 5la5 )5 Ghest (lgie 4 35 (sogoe Cubyo

D)5 oo dumwloro
(t+1) _ _(@®) (t+1)
Xig == Xig T Uy 0
(t+1) _ ®) (®) (t)
Vg =wH vy o (Dig — Xig )+ e (Pga — Xig (v)
Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 YA


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

@
VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo r
d0i:10.34172/jhbmi.2024.11
OloyS (S pole Sl ((Sdjy Sisloygis) ciios 30

o3> L5 C1,C212 b ol slacol 9 U b gotius (clad s 39 g0 0315 L5 T L gomians 45T j3 10 o) ,S5 sl a5 ols )
5 P9 g0 < Opest o Poest sl doly o2yt i so 2jsf [V ] o COISG pobo a2 12 9 11 (dolas ol g o
g0 031> (L WL (o jol (159 9 W9 o 031 iales Pgd

ol o3l cunld b calw b Shg 5l ol o 0, Sles O3yl SO lais 4 paoual &30 (gadd b cdd ds opl )

ol o 48,8 jla5 55 (V) ol b )3 0uiS gibdids €8s g degasmo pj sl Sg s oyl by !

f@=al-P)+1- a1 - D "

oS (g 4l 3 Slas (655 o310 (NF) )50 42 n Sy dogarma s ojlil « (Ni) )50 4 o Sy JS ol &5 ol
ROWERRY: O Gl (e3de O g g o 03 lis (P) L

el odal 3 zyd 40 9 ¥ Jgdn 53 (oolhiiin w oSl sla yiol )b 3L

ﬂbl.&o 9 lb)f&o’)b Y Jg.\?

Jlade %l
\ld Cuzox 0]
Yoo 1SS olas
RAR Sl el po
C2=Y,C1=Y C1,C2
¥ She 03
Y (p) eYlasl asy>

o1 53 (sl b 5l dny &S bl jlWigd o S 5 SIS b (B slacslon gl ) Al VS ples (531 degece g L
Gl S5y olod s ] 0 399 4 ady Cawd I slaodls bnyl pledl b el o Ol il o 5l alisee ola i
Sidtd B3 gl F g gd o JUo)) CNN g odls ju csbuan (p 5S035 K cpuonad 65 (slaanails 4 oad Ll
ool (olod o (LS 1) (8 lo el Cae ddres SOk 5 Odle Slag SOl At sla b jl edlatul b

o 05 Pl S izp Sl il 55,5 85,5 b e sl 5 IaSins Sl 55,5 a5 5 s b S ko]

Wiy W99y Jlas! 51 dry g Jud ilisee (glaghs 591 51 el Cawddy (IS CE3 I gldumlio € Joua

3ty g yb B> a3l wdiab |y s i 95!
W/ OF/YY oroual CS 3
VAN ov/o¥ aluon oy S5 K
4./24 VE/O/ ool 5
ayv/vy ADIYY CNN
Qe/e) AV/ad AlexNet
Q./y- AY/+) VGGNet
W/ AY/ - ResNet

¥4 Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

dQLG(W-:’ JAA (e Lledls ﬁ‘)l WL@ Lg),,fbli L Comnd |) Sy @L: Saes Lg),,fbli L;me;:i)sill a5 b u‘“‘“ @L:
(¥ Jgiz) conl 4ty (298 3 1) e Sl by, b & G

UCT Cawliad (595 sdliwivg (g b dun Lo g cilidro Yo gulis 0 Joua

e ot Jleo Oy Joro &0 0jlowd
ANFIS, ANN-LM,
ANN-BFG,
ey foy SVR, ANFIS, [Y¥]
YAAIAAYIAS M5 Tree
VARV
XGB
. 7ae=cés AB, LR, CART,
AYRIR Yevy SVM, LDA, RF, [v¥]
720=F jlxs XGB
7V A=cd>
ZA?ZCAM
TAV=l sl
Yevy Yo
JA=F jlao CNN "
TS =8>
ZﬁV/YY:w

7. 18V=_b 5L
FA¥/¥A=F jlas
JAY/¥F=cds

- CNN+PSO bty Je

ol 0 03l lis & Jods > Accuracy o Fl-score Recall. Precision obj) slabae 5l edlaznl b (odloiin b, gl

Owomed Ay o s UCT cusld g9y 9 calisee obj)) (slaylne I oslinwl b 1) Calisee (sl yimg s 53 o &3l ol ) Jod>

ol 020> )1y (650 pols bz (gl yig) plw 4 Cans (g3lginin Jdo a8 2D LS 2ol awyp b

6 325 4 9 S

P95 (i 5 sl ) b3 4 (galSoald e glaylil 5l sakenyhg b aS ol il ( S5 40 (g5lSealy 3l eolal
bl 3 1y Sloys 09,5 S o A8 Lo pald |y saie leMbl 540y 8 Iy sl 03905 25 LB S g o
Sk ol il ead cél oSl don s ol plsl 4 3B (golSoly aS 30y 35 wrcudgize wad o o)l i Xl
o> o 4 a3l ] BB Jas )3 5 ilate iyl 55 350 69501 o @ Glisalbol 5 5SSl olizal (gl 5 At 38 9 o
Jhe Jlgy dlades aoMs jobo oy il aily 8 olilew pa0g5 (aswis caa 1) p3¥ ol b onds ooliiwl Juo jl aslllas opl )
R g iledtanS Slles s L9dco Gl IRl 3)ly (BB dsgerme Jol JB ) & cul ©jg0 nl 4 el
OBl olaieds e 9800 el (Bil3p ey Alsye 53 (63959 slaodly (5 (St xS ke gy 4 4By Cuwd | polie
C ) slaginail 4 g 485 )50 0ad Jloy (srodly (59) (Shy bl Glles 8> g Casp Ll g (S da Sh
CNN s a8 sl olis @l .59 0 Jloyl ReESNet s VGGNet AlexNet CNN wslo ju coluan oy 55035 K cauonas
D 1y YL s anaib plo 4 Cows

g omdle lasySob | osd plol (slagbgy plo & Cums VL B I (oolity S daphlefl 5l Jolb @bs oluly
ol )65 3 dalllas oyl j3 00l 8 yxe Buas slaguSOL

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 £«


http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

VEFY Lo OFT o csl ofled omall 050 (oS 33 Connnd § 9 Coo Y Silo 59831 oo
d0i:10.34172/jhbmi.2024.11
OloyS (S pole Sl ((Sdjy Sisloygis) ciios 30

L

g 0d sl (oolpiin Jae oS ) cas Accuracy 4 Fl-score (Recall Precision )l sla)bae j| e

dslio sla gy plo 4 Cand 65V 85 I (odlgiin o aS 2y LS zuls g Cowl 0ad dunlie by claigy plo b ol ls
ol 5565 3 ¢ yie j3 00

29 2hS 5 b s cpl ol hjgel odly I eudse wres b1y aes (60530 sla e olon a5 dalyd )3 cul S5 4 p5Y
dgg > hgel T L1l Jae oyl lgs 45 oS y5 (B 051051 4 031> de gasre aliste (slad )5 )3 0)lgen Lol ©3g) Ainlgs 13,65
Shaleiee cud i cpl o g odlazwl 5,08 cpl j> (6,50L Jlal o aely llail cba by 51 05,5 oo dlisiy Jud ppod 45 0)l0
b Jto (6 p30L 55 caisl anily o 5y90 3,8 b Fgliste dels cunl (Kow 45" g g0 (claodly dcgammo plu jl odel Cawdas il
2,5 odlal

g3 odalio |y 1 186 e 9 3l Ll38l 1) aSid oY 2las lgi oo 5 oolidi Jde Cmed p3 g 6S0L Jdo pxdaw 5o
650L calize sla e CJl?:u“’ Wi 395 Culze g Llje (ol Guos (6500 sl e jl plas’ o aS pl @ ds g b puomen
lpopad Gl 5 bolSleys daplun)lan calize S1he )3 (8 Gl pBndg) paseis ;3 U 38 <S5 oo b 1) Bree

DS oolatwl b yog, oyl

&8l 2,18
D) 3939 B d gl (28l 2LaT 45 gun

OB Mg &8 i e
pledl bwgs dlie ol 5 )bl Jlowi g i cllie g o edine [l tlaodly i § LS g 42525 gy (b 9 psrde
Cawl 00 pbl (6 Suus

References

[1]. Ahsan MM, Siddique Z. Machine learning-based heart disease diagnosis: A systematic literature review. Awrtificial
Intelligence in Medicine 2022;128:102289. https://doi.org/10.1016/j.artmed.2022.102289

[2]. Brites IS, da Silva LM, Barbosa JL, Rigo SJ, Correia SD, Leithardt VR. Machine learning and iot applied to
cardiovascular diseases identification through heart sounds: A literature review. Informatics 2021; 8(4): 73.
https://doi.org/10.3390/informatics8040073

[3]. Diwakar M, Tripathi A, Joshi K, Memoria M, Singh P. Latest trends on heart disease prediction using machine
learning and image fusion. Materials Today: Proceedings 2021;37:3213-8. https://doi.org/10.1016/j.matpr.2020.09.078
[4]. Elhoseny M, Mohammed MA, Mostafa SA, Abdulkareem KH, Maashi MS, Garcia-Zapirain B, et al. A New Multi-
Agent Feature Wrapper Machine Learning Approach for Heart Disease Diagnosis. Computers, Materials & Continua
2021;67(1): 51-71. doi: 10.32604/cmc.2021.012632

[5]. Elias P, Poterucha TJ, Rajaram V, Moller LM, Rodriguez V, Bhave S, et al. Deep learning electrocardiographic
analysis for detection of left-sided valvular heart disease. Journal of the American College of Cardiology 2022;80(6):613-
26.

[6]. Kavitha M, Gnaneswar G, Dinesh R, Sai YR, Suraj RS. Heart disease prediction using hybrid machine learning
model. 6th International Conference on Inventive Computation Technologies (ICICT); 2021 Jan 20; p. 1329-33.
Coimbatore, India: IEEE; 2021. doi: 10.1109/ICICT50816.2021.9358597

[7]. Fereidooni M, Estakhrian AM. Design and simulation of bioelectrical system that can be trained in the diagnosis of
heart arrhythmia diseases using neural network. The First National Conference on Electrical Engineering of The Young
and Elite Researchers Club; 2016 Apr 26; Shiraz: Islamic Azad University of Shiraz; 2016. [In Persian]

[8]. Naruei I, Zamani B. Diagnosis of Cardiac Arrhythmia Using Pca and MLP Neural Network. The Second Conference
on New Research in Science and Technology; 2015 Jul 20; Kerman: EIm Mehvaran Asman Company; 2018. [In Persian]

£) Journal of Health and Biomedical Informatics 2024; 11(1): 26-42


https://dx.doi.org/10.34172/jhbmi.2024.11
https://doi.org/10.1016/j.artmed.2022.102289
https://doi.org/10.3390/informatics8040073
https://doi.org/10.1016/j.matpr.2020.09.078
https://doi.org/10.1109/ICICT50816.2021.9358597
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.11 ]

[9]. Dashti nejad N, Askar Farashah M. Diagnosis of liver and heart disease through iridology based on error
backpropagation network. 2015 Sep 5; International Conference on New Research Findings in Electrical Engineering and
Computer Science, Tehran: Nikan; 2016. [In Persian]

[10]. Palaniappan S, Awang R. Intelligent heart disease prediction system using data mining techniques. 1n2008
IEEE/ACS International Conference on Computer Systems and Applications; 2008 Mar-Apr 31-4; Doha, Qatar: IEEE;
2008. p. 108-15. doi: 10.1109/AICCSA.2008.4493524.

[11]. Venkatalakshmi B, Shivsankar MV. Heart disease diagnosis using predictive data mining. International Journal of
Innovative Research in Science, Engineering and Technology 2014;3(3):1873-7.

[12]. Masethe HD, Masethe MA. Prediction of heart disease using classification algorithms, Proceedings of the World
Congress on Engineering and Computer Science. USA, 2014, doi:
https://www.iaeng.org/publication/WCECS2014/WCECS2014_pp809-812.pdf.

[13]. Mustageem A, Anwar SM, Majid M, Khan AR. Wrapper method for feature selection to classify cardiac arrhythmia.
In2017 39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC) 2017
Jul 11; Jeju, Korea (South): IEEE; 2017. p. 3656-59. doi: 10.1109/EMBC.2017.8037650

[14]. Zhang Y, Zhou ZH. Multilabel dimensionality reduction via dependence maximization. ACM Transactions on
Knowledge Discovery from Data (TKDD) 2010;4(3):1-21. https://doi.org/10.1145/1839490.1839495

[15]. Kong X, Yu PS. gMLC: a multi-label feature selection framework for graph classification. Knowledge and
information systems 2012;31:281-305. doi:10.1007/s10115-011-0407-3

[16]. Mehmood A, Igbal M, Mehmood Z, Irtaza A, Nawaz M, Nazir T, et al. Prediction of heart disease using deep
convolutional neural networks. Arabian Journal for Science and Engineering 2021;46(4):3409-22. doi:10.1007/s13369-
020-05105-1

[17]. Shaji SP. Predictionand diagnosis of heart disease patients using data mining technique. International Conference
on Communication and Signal Processing (ICCSP); 2019 Apr 4; |IEEE; 2019. p. 848-52.
doi: 10.1109/1CCSP.2019.8697977

[18]. Anggoro DA, Kurnia ND. Comparison of accuracy level of support vector machine (SVM) and K-nearest neighbors
(KNN) algorithms in predicting heart disease. International Journal 2020;8(5):1689-94.
https://doi.org/10.30534/ijeter/2020/32852020

[19]. Singh A, Kumar R. Heart disease prediction using machine learning algorithms. International Conference on
Electrical and Electronics Engineering (ICE3); 2020 Feb 14; Gorakhpur, India: IEEE; 2020. p. 452-7.
doi: 10.1109/ICE348803.2020.9122958

[20]. Khan MA. An loT framework for heart disease prediction based on MDCNN classifier. IEEE Access 2020;8:34717-
27. doi: 10.1109/ACCESS.2020.2974687

[21]. Dutta A, Batabyal T, Basu M, Acton ST. An efficient convolutional neural network for coronary heart disease
prediction. Expert Systems with Applications 2020;159:113408. https://doi.org/10.1016/j.eswa.2020.113408

[22]. Kim BK, Roh J, Dong SY, Lee SY. Hierarchical committee of deep convolutional neural networks for robust facial
expression recognition. Journal on Multimodal User Interfaces 2016;10:173-89. doi:10.1007/s12193-015-0209-0

[23]. Taylan O, Alkabaa AS, Algabbaa HS, Pamukcu E, Leiva V. Early prediction in classification of cardiovascular
diseases with machine learning, neuro-fuzzy and statistical methods. Biology
2023;12(1):117. https://doi.org/10.3390/biology12010117

[24]. Arif MS, Mukheimer A, Asif D. Enhancing the early detection of chronic kidney disease: A robust machine learning
model. Big Data Cogn Comput 2023; 7(3): 144. https://doi.org/10.3390/bdcc7030144

[25]. Mehmood A, Igbal M, Mehmood Z, Irtaza A, Nawaz M, Nazir T, et al. Prediction of heart disease using deep
convolutional neural networks. Arabian Journal for Science and Engineering 2021;46(4):3409-22. doi:10.1007/s13369-
020-05105-1

Journal of Health and Biomedical Informatics 2024; 11(1): 26-42 £y


https://doi.org/10.1109/AICCSA.2008.4493524
https://doi.org/10.1109/EMBC.2017.8037650
https://doi.org/10.1145/1839490.1839495
https://doi.org/10.1109/ICCSP.2019.8697977
https://doi.org/10.1109/ICE348803.2020.9122958
https://doi.org/10.1109/ACCESS.2020.2974687
https://doi.org/10.1016/j.eswa.2020.113408
https://doi.org/10.3390/biology12010117
https://doi.org/10.3390/bdcc7030144
http://dx.doi.org/10.34172/jhbmi.2024.11
http://jhbmi.ir/article-1-840-en.html
http://www.tcpdf.org

