[ Downloaded from jhbmi.ir on 2026-07-07 ]

S Gt 5 s Sl 5]l
Kby Sl 4l i S e

IPUA I =11t 053 plad s 55

B slatio 5310 9 3 0ol b (i slas ylxial anid (oS 5 Juo

L) (e K il Srg08 Ol S5 SBT Olut

WAV Y e gy @ AARTZARVALGRN [T Ot YT Y

Al ) Calad pas w3l e Jelse cpl Sl axpe s S5 (il belse (B sl )bl paseds (> tdedle
(St By eSS ) S 5 Slar 35 i o Gl 5 e pie bl 5 g Gl (ol e orinl
sl Jod BB gl o Mg

2 cilises 331 CE clalio 2,08, ya oS )08, YYFr Jols (B slacs)lomial 4 bgsye (slmodly (63,08 imgsy cnl 5 2wy
ol 3 g gzl (639)9 sladiges (sl Wosls (Sl (353l93 (G5B s S &) g 9 (y 0 2B Wl g Wl 095 5
08198 5 ol (B slacs)lial )3 Fhe (slaygiS (Stly Cue b odlatul (B slac)brial (sunaned (sl (ls
g ) oledin g 5 b algh Mg wisgd e IS (R g (BLSL el carge o wlie 5Slas Sy b Gluen
90 4 |y b 6399 i 0ud Ll digy (yuled SaS &y g b olatwl 0l A g8 gy (0l Ll (gl len Ko § 4o
b ool e Sl yo (5S0lke o) il byl sl S e (gAbrdtod Jloinls 5 it 0,8

4l /05 5 1o AA/F iy 4 (alpidiy sy 0 (B slaglual (askis 3 o) g Cd uSSle &S oy i gl 1 LS
b o Y055 oYL S Sl sl Gladsd 4 Cuns g sl

a3 o pbnl (6 5VL s L) giidind ¢ pasuis da by ple & Cans (o0laiuiny Jdo 30§ pu5 Al

N Se &y w80 (556 lappiams (ol Dol (33155 (B slags,lxial (ojly WS

G 5 s S5y 5l s (I glalls 3505, oslizal b o o lwal Ladeis oS 5 Jb e by Olle) (il 6 ses Olual sl BT (EL> sle

A (P avan Sy

O 8 5 8 sty dom g o gadhal 313T o851 € 5 yopalS” gmnikign 09 5 ¢ 5 galS onikign L1 owlii )8 Y
Q‘ﬁ'Q}f).k’..f‘jf)-&f-b'}c@%l:‘j‘fa\iﬁd‘:gﬁw\f&-&gﬁa}f&&wJﬁ—j%l{w-’&@»dﬁf: .Y
Ol 8 5ok 85t oy o oDl 5T o815 5yl ctign 03,8 ol i = el pkige (655 L Y
= = P R 3
Sl =B bl &S e shST 8 s Ol OLdS 1 G Ok g5
« Email: teymoori@bandargaziau.ac.ir VIR F ) 1 led o leds @


mailto:teymoori@bandargaziau.ac.ir
http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

Oy Son g 3155 ST

I8 s g mall el oS P U

0S5 Lagylmial asels sl oad @l lagssy, 5]
o bl o S el ureal SBCS ) (e
5 53l Sodly oS (sla yogy 3l odlatnl ¢ ylulis)lS" ¢ o8]
9290 SLaygSl 2 g (6 pSemenal (S Abliee -
by dgoy ol 0 (ool s U SaiS sla iy oad el
5 A le calidee slad i ;0 b g odly cusd Iy 2g5
VY] sty 423 caslio )5 et puo

ol 5 il B (ghs s ine 4y 31,553,555
slipl asgeme (SSle Sl > 5l (36 oS B o (2
L (poSmgiinl) (S (555 b lasitane canl o S i
Bl (it g 1 iy (el U olya) 55,5
952 §S1 slapl & Sy Ko ¢35l LB slio 595 0
ol ol 1S i5 S4 5 S3 lapl a o g Sy 9
2 4S1 (gla Ui I b b g Ggyro (gl
5 SY s Aol 5 Jstun S2 5 ST o alolé .3l o
3 Jgimns (3le cls 3 )l U5 Jgwbs g0 = S1
4 5l B Slioy 0550 4 iy 5 Sl FSe S Jnlid
5 s jl Gl laglSe 3 S4 5 S3 oSy Jlys
Jslsd | Ui Job s (ypzman )1 )18 gl
s st g ol 33l 5 ol S, ) 5SS (soe o
420 ) Cyan ) B aliae @8l b oS )b oles
Ol b D815 &8 sl (g3 Sy Sl s 4l Jlie
s50 ol uf 30)31 55 (Jg b dalgd Ay Sy ao >
09 Sy sl Ml &5 33,5 0 B 4 L g5
254 5S3 5,358 Jme obasls cccl aS syl oL
IVF] 3550 Jgtks b S5t

il plate & bt (ybo) ohlSen 9 (45 adllas )
Ol Sgo Jasss ) oolizel b S2 5 ST elo iy 545
Jlow b ol 565 (onloiutin 59y 50 )] [V0] ol o
A ylxe 0l plol pl )5 9055358 5l odlatwl L1y 5,8 oa
ot pgd g Jol sl gjllin (gl 0ad a5
OMS] iy M (ol ot sl Ss 52 &
gl ity 9 (35 5k pBIs )5 badom > Slbl jLas
P YL GuilS )8 cladasuin Gilig 4y oxie 45 Cul
345 (5 3 IS 5 9 o 0 )5 S
Jiiw Szge s (Lol 9 (i culpo gl el slss
oAl jolate & ulp cnl (el (51 I edlatul 5 3
2ol b 0 S2 5 ST (ilulis o] 5l e 9 B IS

dodleo
aiold gyt sl oS o (glod 2 Ml B (6 o
Solow adex jlccul ad) I8 4 8y 350 glacg)lon
Solon) P93 GlaS) (0 dedio dox ) 0l Sy
i) A8 platel (o el aom > (lons ((LIST Ly
alac oje g)lon) b dliae cunlis (LB (o platels
Solow sbasly [V¥] ol cigae g s oluyb (B
Sl el Jle e 4 5 Sn 5 s
Al by wlatel iy b (b (bl YL 95 jLié ol
ol 9l 5 SLaSL gl 5 ol s catSas b
9wy 4 ST Canl (g sl (gylow S5l (ko
N 02l dlonl 4 jomie Wi 985 lo)> g 4
Olejbw anlebl ulwl o cdly )3 98 S yo alox I g
Sy doy yomie (Bgpe — (ol olow (V] Sl cudli
ol 48 Gl oa s [FD] VOV Jlo 3 485 auko VV/O
5 sbe Sl maw ) g S e ggamme YY) saimd
as Lol 5l cygaloe VIF 457 055,850 10 ¢ yn09cS o dlasi oyl
b s Y 5 08 LIST 1,5 S o ol
Maas a8 450) (eSS i 0gde & [F] Ldgy A >
Y LYY Lo U ald slon 5 o (sl yrogS o
olesbw (o)13S bl o Yoo al31 5590 (igekie
Sbiy il g oloy wudligy ©)lig g wutligy Sl
sbalon 5l (36 plml 3 Sy Jle 203 VY
A cal (Bgpe =8

2 oad plogl aldllas o (g8edly sla ybg, jl eolatwl
ol 2348 ccl o bey oy 3 S il solew 355
=8 olen 4 boye laosly I (S5 w2l g
203 gglSonls (ly 55 g5 ealitw] CleMbl cwsS (¢lp
2 00d duss e oSl (13 My g s S a3 y8
a ) ol lgie gy ol 31 Adle Wodls S5 glade gooro
Sl 1y dlonyo s 48 3,8 Ll nodls 1 il S lgic
ooy e g odly (g3l Je daodly 53l i 2gu oo
ol g inl s, 48 bl 5 [20) - ] aosls
e A S Jslos ol g Cusl 39290 S50 Jolo (ptix
Cul odumy (g bual asis Mgy W) i slacdls
Copalad pae 395y Jolge (pl dha dx pa 9 [VVAY]
Jie Gl ) Caalad puie Ll )3 S o I 38l
Lasbsy iS5l (5 36 sl @S (st
lgn Jp I8 Gl S, 1 sl

Journal of Health and Biomedical Informatics 2019; 6(2): 101-110 V¥


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

093 8 ylowd comivd 8593 VAN (4l

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

099
Silodin oty (e (alagby) Sl edlatul (ST
b egdiaiib () pldjl i oSl (S i oS il
0P8 gl g odle jur el (153 (egtan (ouas
Sl o3lainl 3)90 (olSo2ls (LaSiSS 5l By g dad
04 033 (b Sayiagh 53 (S lacs)lon (el
Ll

sla)buial & bagje sboosly (63)8 gl cnl
My sl cds clalis 5)5 S, o &S )68, YYY. Jols 3
oLS 0 jl il o Wl g il 05,5 43,3 o Lo

https://archive.ics.uci.edu( the University of
L s5L8 s .05 gl 5l UCH (California, Irvine
oS Lalyy 5 ole B g0l aigel (slmesls Jlos
b dmy s 9 03,5 gl Sl |y (29,5 5 (629 (slaodl>
03 ;o (gly s Mg uilsd ) onlial b b S e SoS
3 oeled adgi 3l an sl (295wl K03 (9393
Cgy A odlaiwl (B8 gla g lual ganaie lp bl
ad>yo jlan (39)9 GLaodls o (L (ysly8 gl S
g gliitiol 4518 5 e izl ygie il e sjlocs b
» Foe laygslh (Sily Cap 4 Jy b odlatal (556
3 ySdes S b luer (1198 5l )l (A5 (slaslxinl
Do o o) Jials g Sl gl o3l coge &S wlin
N Seg o vyl 5l ool (hy) ) A5 Smles Mg
A e A 00la ] 00 Mg Ay (il bl (gl
09)5 93 4 1y 6395 it 0l OS] digy (yilgd SaS
oalawl b (golpindiy gy S oo (ghudiwd bl g b
©39y9 sloodls (555 1 o] Jlasl g (558 00 atge 158
e g 5YL i b 1) B claigybunl auseis
L 6518 i pe Sl (i oo by 3o ploml oS
w2095 5 S e g 9 s eRe €0 oSl S
5 i)l sl s dlie bl plo b jles uSe E e
089 I comiag gy b il ol s aunlis
Gilwosly cas () Jodo) s oolatwl ad Slayye (1Sko
NBle s 5l Laodls Jaloigns s (29, 5> (s3lkiatn w55
Slbre slajlil (g jl (S &5 VWY s e
)\ S oolax wl e wl wdige

o Lol w9 S gjlulis cosy as sl Lis dols
do > M/ S2 sladSses glys g b0y A ST sladiges
i oty S V] LS 5 sl dalllas 5 .05l o
Ol BB ey Gla o)l ganail 5 pasels jglaie
sblas Jloisl (390 (ol us o9l @i )oSUl () 03
Lo, zols .cwl oy jgals Jod bl us b1, K55
LS o Jos pusuo job 4 duoyd F dgds amd o L

F Sl il § pasuls ¢y o oo 5
023 dlonl Clgol (i B (Sielon 18 e S SR
O di g 5 p ) baasy > Blbl HLid M !
Ay JUSw > Y (58 sladasuie by 4 e
Jie 554 gy ol sl S 51 VY] 2980 0
el (il Bl (2oplejldgs (egiiae (pas sbaSid
ORIl dom 53 g Fowlie Jae g 550 Sl yiel)ly ol
Jie ol b cmge Lalagly ol 4 Cond jidi <8
B slagylon (il b bye pal (la)l5 4 s
i ol 3 ol o a5l dzdly (glalan o L5 gm0
2ol Jlosl s (536 o aisge (w158 &5 cosl a2y )5Sl 1)
Lol (B slagsbmial paseis )5 (639)9 slaosls s,
w03 pll 1S lej )3 9 5YL s

sLo)gSls 3529 (g5L8 i S bl > o Sieree
oA 48 LaygS (ol (oS 5 B 50k g Oglite
pice Lyl ol 5 5 0 oo ol |y LodlB (slags loeial
@IS (o Jie Fly )3 Caalal e g L]
S 3y sl Lagdgy oyl 5l (o 536 (slapi
N PO L

SO (g0l Slodbiges Jelod b (656 oo
9 A8 (o oy M2 ) Wged 1o (295 9 lagdg)g ladiges
L ok 5l S o gl ) gl oSl (ls8 e
= Sl oad g (le 8 sl obj slaiedgyg 4 dr g
hlS 9 48 Sl 85, (536 i S5 4 laisdg)
Ere s J oolointiy bgy )3 45 sl sl oy
st B CLSl g (plsd olus (ials sl gt e
ol )lomiali GIS (gt 45 (295 g e
oalawl (55L8 i yo SN 5l &S (6,500 s Lews s odlaal
@l g 29 4BIS slaghy) by Copw g By 4
€83 Iy ookt hg) 3o LS winysNl (sjlwesly
sl Oy S 4 S 6 5VL

)y Journal of Health and Biomedical Informatics 2019; 6(2): 101-110


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

Oy Son g 3155 ST

B g lmal padild (onS 5 Je

gy plw b (ouS 5 (g dmuliio 1) Jouo

B oyl YY)

Byolly  ime ol
PLET RPSINAC 9 8 by
S2 51 cla e V0] ), Ken
oy sl el 5 Sk o
4 e g G oh)Ser
3B @d9y9 Sy ]
S5 (g dd )
5 btylued op Kalliopi
LSI)“.’ l.mui )‘ oo\l [Y']
Sy Slles
» osh uw wwds  SOria i,
jge] Caomnd dus [vy]
el g Stales]
plsl g (i
sl A2 5
@l o s Y

)“ o3lazwl 9 d})"
e 4 o

s 5126399

750 s 3 oozl
Sge
s s | 03l
b
At 51 oslizul
S 5 syl
wwd 5 S
O SO M
Glanor
VENIY REFPOEN
s
7aa/s e 3l edlazul
w5 36
NS £
IF strength THEN

nput
Distributions

|. |y

lhow 531 Zliwl (g, 1) IS

Output
Oistribution

S5 omiva Glapi) s 5l (Sl S &0 w5
Ol IV sl 53 )L gl (1 2L (QOOGE)
alsyo ) dslllas pl (oolpiiday (ogy 5 [VV] 03,5 edlal
O Sldes g3 S &0 oi)gSIl 4651 (3195 Cpess
S35 Glmjielyly 352 4 g b o) dge 4 1y (yslsd
aS ks glcdb 5 B8 gla g bual sbul o olate
by aS Laygel)l ool p oSk olsd iy b el o]
A 50 Dy Abled dbj 35 0d e gl il (65 e
L s sl 5, Slae SO L laed (l58 399 Jlois]
£ Cuple 4y dngi b gy pl 5wl Db Hlous Golate palls
5 Copw &5 (Sygo 4 ol G b (el e
Owled pand Cod 50 5 algd ploul e peeudi CBd

4 bgoye slaodly (3udzs cpl jo oolawl 350 (slaodls
Waveform ) ¢ JSs an Laosls ool g col ol clio
ol A cgemme il a5k o WAV (Audio File
a bype )55 o o Wil oo 2)55, YVF Juls ggece
5 b lio 4B O Ll LB Job Sl ol 55 S
Voo ulS )5 L WadysS ) dan asl 4l VYo Lyl Sl
DA el 00 398 UCT colis 5l g il o 5,0
sl o 4 sl ot 656 gl g
9 WS (oo dgajd 536 hate jlosliial L 1) (295 4 (6399
(Fuzzy Inference System) c;Ls zlucwl pium pb 4
A0l alise glgl (518 (lapiumm d9b o adlis FIS
olalsl (LB dom plgis 4 (gjl slhasgerme I Shies
SH g (b Oy P8 ya (c2gp g MS (e
kit Jl58lp 5 )3 (Slaee (bo) 5l Giggy ()3 &S Al oo
ol 0as 1)) Sl i) S5 53 A edlaiul

Journal of Health and Biomedical Informatics 2019; 6(2): 101-110 Vo€


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

@93 D)Lo.o.:' ‘W 0,9 dYaA OMU

S5 S j 9 oDl S lo il oo

0j5> & Ggo 0je |y s LU Hled W&o &0 v ysX]
PaS ol aslgFer ja il L8 dsye > 00 bdd (5]
9y o=l 3l g 00l a8 S 1Sl s D9z LIS o S
Ologms 4y e Ve 0gy Frve B v 0 a8 LB dlas jo (4l
8535 S laie aolael cpl 5l plas ya .l 2l el (g5,

Spige 45 i )3 (53 i
2 39290 srdSee jl > S enmy i VS

W 0dls

1

PCG Signal Magmitude

B 1 L 1
0 500 1000 1500 2000 2500 3000 3500 4000
Time(s)

windowed energy
v T v T

Energy Signal Magmitude

window number

o 85591 9 €01904 Wlus wiges ¥ JSi5

SV Cugas @lgi (ol 193 Ao po

&=les ol Layusie jl plaS s (gl pod als o j3 asldl o
Co gas @L} S odimd ULM: ) d.la.g‘) Doyt Coguas
A odlil Cogiae @b ol il adlles ol 53 o8 canl o

0. X = da.
—a

—.a<x=h
b—-a
c—X

C—.b Z=x=c.

#

triangle(x;a.b.c) =

-b
0. c = Xx.

By & OT ol die mle 5l eolanel s
5 oolatnl Loyl yd cpl jo g cunl i (g5 Aelgd Coguac

slacds Bl L lg 3 15 & e wla)oSl 56 gl
VIS s plsl ]y (ls ol sl Jos )
3o (i3 |y (ool g (Sles

63959 53053 9 (9310 i 1l Al 5o

S3L )L gl pis sla2g S 5 s39)9 052
S8 2L gas S jledlatal L b s3g)9 ol hal i
Ol il g Ao (slojite (e Jol Als yo 53 253
i Auwd 9 5) dliwe (sl i LA Algs ploul b yusio
g on (A ((2rg)5) dlly pite g (39)9) Jitumo
Siliee B )bl o sl yiel)ly (63959 Sl puite
Sl e wiwd Ly g )lomal (e (295 it
S Ohle jHlassgys ilocsil sl ail oo sslmial
W odlawl lie

o 03l dsgozne (4399
(<5 (glao)

A

$3B ol s
P90 SeS &

[ (59929 92 lomial b jloxin uess) (295 ]

S nbry (g (Slod g 1Y JS

)1.1_.&0\0)'14_*5;):453)]_)&)9)9)_:“\, s L)?“
clio 3y Slas (gly (piren g (sl i ) €8

AR Journal of Health and Biomedical Informatics 2019; 6(2): 101-110



http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

Oy Son g 3155 ST

B g bl (aduld (oS 5 Jae

— ] XHE (x)dax
Def(A) = —————
f4) J HA (x)dax

e lis] o9
L;Lmob‘b AS gore 413»9 L ,_sbLQ(.‘w (ot du"-';' OI)'.:A
390 gl Cawd 4y (odlaidy Jao oS gl 5 oge
i)l 53 el 3)90 Jlme 355 00 JLE Lo 5 (2L
Root-Mean-Square ) las Slape (65ke j9doe ¢ o
0l (8350318l g odd o i pdlie e RMSE (Error
1l o dpwlre BB Y alail) 5 oolizel b lade ol Al o

' N -
RMSE — Zi:i(i‘;t j}}z

o 53 03lauol 3y50 (glrodldy S olass N alaly opl o &S
035 oS plie byl Y g Wnosly dly polie Vi g cul
b oo (oo o lawgs 0

) Bly e b 4 cdy lade (olpidy by
Jade I (odel Cowd 4 claodls ¢ dly (claodls ol cglis
gy IS5 5 Inyinloj] plas pobol 1 5laio) 3,05kl
gy s wSlhe cas p Cdd Db o odlainl (Mo
(Vo)) 298 Gl (ooleitin
¥ alayl,

CpSojlul elas :E

ol (6 ySo3lul Hlade (A

3185kl 0as (g pSojll Hade : B

O dbly Gypo @ dop daly 4 das pl bas gy oS
Do oo dmwlo

0 alayl,

A-B

E= x100

=W
by oad &l ool 4 oo 5l lAL)fb“LA)'T plsl gl p

zliiw! jgge ;0 Cluwbxe Liall Coge  dlie Lol

9N b (51 gkl oilgd (b tpg dls s
S Se e
w098 (58 (g e dloye > ol 09y 5
w2y byl osgs @ l) (1l (e Slles s Ko €0
I )y sgng calizee clacdl i diwe (o & oyl &
Sy Jloinl does 10 g Adlb o YU jlws 35 opiled slaws
gl ol b (Jy clio 3)Shos o b pluen (pilo3
JppSe Epe canle 4 axg b ol 5l ol oLl
Cdy 5 Cepw S Gpo @ ool Omd b e
SilosiB> s yo ool 5l A Anlgs plodl 39 (e
Oygpo b G5Bl Sy > 5l (olad 500 plos]
€ LK g Sebe by il g olejer
ol o 2k awsl cdlhe el S L alius lagdg)
Chomd 0 (e dd Aled ploul Glowlowe 5 o Jlad
Jlo cly s anlgs 359l odd (g1 b ammS jluscsjlar

Vo Joks Ojgo @ pleww ol 0 5B 9 dge s>

WAooy isled
S8 olgd diged Y Joar
# Input 1 Input ... Input 10 Output
1 Low Low Low Low
2 Low Low Medium Low
3 Low Low High Low
4 Low Medium Low Medium
5 Low Medium Medium Medium
6 Low Medium High Medium
7 High High High High

29> om% 9 S W 1o, e Al po
oy 3 el il ol b & cal ganl 8 gilocsil
o i lil 5> alins (sl 639)9 dan (sl Cugas 2l
S8 2 K Gjgo g ol dwole dbgype 9lB
Wle silosiles sagdyy Jl (Bp dediee oy lales
JB ilocsilas Jos ln JB 350 ilosilrs )
Sl e hgy onimd i Y daly WSl e edlawl

: Ailge JB 38 5

5 oalawl [YA] UCIH OBy j0 ol e yiugls (U] ¥ alol
. .)

Journal of Health and Biomedical Informatics 2019; 6(2): 101-110 V41


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

A 3

100

80

60

40

20

@93 D)Lo.vtv cw 0,9 dYaA UMU

S5 S § 9 oDl Slo il dloro

iy |y olass pl o yd /45 olee (85 L (ool
ol 03> yauseis

gl sy W ah wfe Eroy 5518 ST o u S

T T
S e g 53U 5 RS
e

001> diged YY L+ b Lagdy oI > 12 JSUS

S s

b ybgy nlo g (oleidy (by) Coyw O JSS )0 (yionen
opl 33 S jeblen ol oad odld L diges YYFe (sl
1y oloj ppidir 46 </ L (656 by, ol asuiie JSU3
L olej osieS 105 plojste b (sdleidy by 9 azdly

oo ¢ gbgy sptalol )3 Wiges olui (gt Jlog F Jgix
gy g1 Vv adiges dlaai 4T s jd )ly deng B
& S5 hgy &l g AYIA Cés g /¥ Copw b (g5l
digas dlaxs a8 Als 15005 AV/Y 5 /YO L ply cuiy
U9y 9 AOIYY ¢l o +/OY Coyu b (g5 hgy D90 Ve ee
oS gl o nde AF/F /XY Ll cup o4 Sy
CBY g VY Gy b (g5 hgy 29 Yoo adiged dlaw
AVIA 5 /¥ L ply iy 4 oS5 Ghey sl 9 AVYY
L g5 Lhgy 29 YVY: ladises Sl & Jbs 5 oy
G S ey bl B 9o cul jlade 5 /A
Y Joda 0 oS jobjlen .0dg AR/ 5 /OF L ply iy
€y g e e b (S5 gyl pasuie
oy 5 by g Jor ol @l 5l Tesd s
Canly dalgd g ydey B> da £3gy5 dlass (iul38I L WS

S oS Grzmen 5 (oleidny wl)eSl cBs ¥ IS5 )
ol 04 031 L 031> diges YYF - L (4510

3905 e 3 9 hyy (Bl jome 3 ¥ SS Hlage 5
Aol Gl Cwp packdd Fp o dm B ke

) 2l @ Gl ) Cul pastie S ) &5 jeblen
vy 9 )b cdd aop AV/Y el dges YYYe (dlp
" 5 e ey 5 S s
1T
0.8 ;
i
304 -
0.2 ;
0 2 T T
8 s 55 o fop 538 s S
o

031> diged YY L+ dland (gl Weis 651 slial (yloj 0 UK

Vov

Journal of Health and Biomedical Informatics 2019; 6(2): 101-110


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

Oy Son g 3155 ST

B g bl (aduld (oS 5 Jae

0w (g5lwodly (odlanin SS9, S ilejl Y Joso

<dd C g

7)) oibojl

TAYIA -/¥¥
YANA -Ivo
LADEY -foy
7asls -I¥Y
JAIVE Ly
7avio Nias
7av/¥ -2y

YARY/4 -Jos

3
Yoo

JpuSe ot b oS5

3

NpoSa frot 3 S5

3

S Erot 536 S

3
TYY-

S g+ 536 S

i jl oalaiwl SYLs i 3 S o g Gilsél
oiys5d) 5 b o 2ely8 jlons Waodld (gaatis (gl (g5l
2 A o3l dige (658 (sl e sl loB S e
oles Sty Jfaisa Ty &5 gl 4l 66 lsB o
aS s g p e il odd Mg slalis o S i oY
oas Aol gla il plodl el ki Ol ide (pl 352
Fahl o cusl Jlo 53 ool b oo (LS e a5 )3
adsyo ol 30 gy ol il ] bl Blaal 5l (S e yu
o 550 alie SVl Bl s S 50 02,550
i a5 ol 4 g 30 algd Sl G L 0ad Ay
ey hgy Ablo g b a0l Mg (g8
09 9 )13 Seg o oS S 5 L (56 oSl i
danlio b gy plo b )lg S E 0 w22)oS0l 5l 50 e

o2 (oloiiday gy o i b inlejl il .l ou
09 SIS Lo hy) A Comund B )3 o g Caspuw

S oo Jos st )l Ko E10 )55
Moo s (2laojl o alold 5 S g8 5 S5 Sy 92
@hS 5l Jols gl 9 18 oo oolital (gyloxinl s ]2
o do Sl Jloygsp €83 g Copu sl el 3 (lie
Golomab sls! o 55 cglate sl i)l 3559 can
)il paseis lp Jo gy S Slgs oo (lionen
3958 pte SlaShy b il plejen & 12 2l
s Meder (S by) ple (635,54 2980 Sy el
Sl i e bty g )losinl CulB) i oSl
L;l.m&zu ﬁL» ‘_')Lo)'p.m d)ﬁf)lfg e g sy J..bu
Laal i g)lomal adgs )5 48 o8 (o550 52 oee

2l J (S 5 gy &85 Sl a4 j5blon
$9) y2 cidizee glagilojl il azsl ail e i by,
U9y 45 3, S iy 4565 oyl e e Ll e p laodls
2l baalie > Jod BB ls s bld & (oS 5
M S5 () &5l dog LS (o0 L)) ahg,
2l 3 oS5 ol 13 8l 045 ding listal 3

b Gl er Co g gy cnl 5l g 0 gl by,

& 754t g Cou

ol sl 9290 (Sl)giSE 308 5 (65 renal (S
Sy 0e3 caBy due ool (ool aa U S sla o,
sy 5 B A ile o lisee (gladuo ;o L g o0y cuwd
o=l S ol da g b iores ail atily culie o)
dile pazed s She p die oy ©ygo 4 Waodly
Iy Sllas 090 S5 Sl Abl oo 345 v gy i
s ogdle 48 39 B9y 4 ks gy ul 5o alss o ]
Sy &ygao dn lel comwlio By g sy gl
L)—’“L)J‘*"LS])_’ R f:b;}‘ 1) d)mbwuw
Dgod c.\l&Lm‘;.A_lgla_.wg 03—d ,\.Jy L;b.»‘,\m )l Lb Gun
s B jloass Wy slalas 5l eolatwl b (oolosinn ho,
638 gl | eolaiel b ybgy cpl e o pldil 1y jasis
WS (oo Jos lgb 1Ko E 0 wiyoSl

yoSLe paiis B cla g lial jasis oS bl
Cous g -yl &S Calises Jolge s 13 5 Cuwl 29390
ol g cilisee Ll acel Dgmg 4 el 51 oi 4
Copelad pie 9 il bl cpl Gliee 42 2 g A3l oo

Journal of Health and Biomedical Informatics 2019; 6(2): 101-110 ARTA


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

093 8 ylowd comivd 8593 VAN (4l

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

»‘9 un)'tw] J]j olKiisly wl,«> L &S ol «dgKOJIJ
ol 0 plosl FoFFY 20V 20 58 L 55,00

&8l 2,5
UoSaub Lidgis ol 48 A S o pMel dlde Bain g
DN a8l o)l

References

1. Koulaouzidis G, Mohee K, Barrett D, Clark A. 17
Telemedicine in patients with new diagnosis of heart
failure: from clinical research to practice. Journal of
Telemedicine and Telecare 2018; 25(3): 167-71.
doi.org/10.1177/1357633X17751004

2. Assad A, Deep, K. Applications of Harmony Search
Algorithm in Data Mining: A Survey. Proceedings of
Fifth International Conference on Soft Computing for
Problem Solving: SocProS 2015; 2: 863-74. doi:
10.1007/978-981-10-0451-3_77

3. Morgan JL, Berger DR, Wetzel AW, Lichtman JW.
The fuzzy logic of network connectivity in mouse
visual thalamus. Cell 2016;165(1):192-206. doi:
10.1016/j.cell.2016.02.033.

4. Kabra NG, Sutavane SS, Lokhande M. Humming
bird - google’s searching algorithm. Journal of
Computer Based Parallel Programming 2016; 1(1).

5. Global status report on non communicable diseases
2010. 2011 [cited 2017 Nov 15]. Awvailable from
https://mww.who.int/nmh/publications/ncd_report_full
_en.pdf

6. Global atlas on cardiovascular disease prevention
and control, Policies, strategies and interventions; 2011
[cited 2017 Nov 15]. Available from:
apps.who.int/iris/bitstream/10665/44701/1/9789241564
373_eng.pdf?ua=1

7. Mathers CD, Loncar D. Projections of global
mortality and burden of disease from 2002 to 2030.
PLoS Med 2006;3(11):e442. doi:
10.1371/journal.pmed.0030442

8. Hajaliakbari Z. Factors affecting cardiac
rehabilitation in people with cardiovascular disease.
Cardiovascular Nursing Journal 2017; 6(3): 56-67.

9. Alickovic E, Subasi A. Medical Decision Support
System for Diagnosis of Heart Arrhythmia using DWT
and Random Forests Classifier. J Med Syst
2016;40(4):108. doi: 10.1007/s10916-016-0467-8.

10. Gandhi N, Armstrong L. Applying data mining
techniques to predict yield of rice in humid subtropical
climatic zone of India. 3rd International Conference on
Computing for Sustainable Global Development

) 55 B uwl)J] 90 Cw u_im J‘—*‘SL§°
Dy A8 slas)lal

(13,98 9 S5
otitgs 09,8 b)) Loolid)lS aabbl ) g ySeiae Alie )
bylral ez plgs b SleMbl (gyld 5 Sels
CSiss g cli Glgol oy 1 eolatwl L 8

(INDIACom); 2016 Mar 16-18; New Delhi, India:
IEEE; 2016. p. 1901-6.

11. Peral J, Maté A, Marco M. Application of Data
Mining techniques to identify relevant Key
Performance Indicators. Computer Standards &
Interfaces. 2017;50:55-64.
doi.org/10.1016/j.¢si.2016.09.009

12. Dua S, Du X. Data Mining and Machine Learning
in Cybersecurity. 1th ed. USA: Auerbach Publications;
2011.

13. Rattani A, Roli FG. Adaptive Biometric Systems.
Springer; 2015.

14. Banerjee R, Biswas S, Banerjee S, Choudhury AD,
Chattopadhyay T, Pal A, et al. Time-frequency analysis
of phonocardiogram for classifying heart disease.
Computing in Cardiology Conference (CinC); 2014
Sep 11-14; Vancouver, BC, Canada: IEEE; 2016. p.
573-6.

15. Saghafi MA, Amirfattahi R, Mansouri M, Kazemi
M. Automatic segmentation of heart sounds (S1 & S2)
using wavelet. Majlesi Journal of Electrical
Engineering 2009; 3(1):61-7. Persian

16. Hayati, HR, Rafiei A, Jamali J. Classification of
heart rhythm disorders by hearing a heartbeat based on
fuzzy system. 8" Symposium on advances in Science
& Technology Commission-1V; 2014 Feb 6; Mashhad:
Khavaran Institute of Higher Education; 2014.Persian.

17. Nakhaee N, Rafiei A, Mousavi SM, Alizadeh.
Classification of the sound of heart using the wavelet
transform and additive self-organizing scheme, 8th
Symposium on advances in Science & Technology
Commission-1V; 2014 Feb 6; Mashhad: Khavaran
Institute of Higher Education; 2014. Persian

18. UCI, Machine Learning Repository. Arrhythmia
Data Set. [cited 2017 Dec 20]. Awvailable from
https://archive.ics.uci.edu/ml/datasets/arrhythmia:

19. Google‘s hummingbird Algorithm : The Entity
Search Revolution, Google Hummingbird: The
Marketer’s Guide to Google’s New Algorithm.

20. Dalakleidi KV, Zarkogianni K, Karamanos VG,
Thanopoulou AC, Nikita KS. A hybrid genetic
algorithm for the selection of the critical features for
risk prediction of cardiovascular complications in Type
2 Diabetes patients. 13th IEEE International

ARRY Journal of Health and Biomedical Informatics 2019; 6(2): 101-110


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

ol )So g 3155 SBI o s g mial (el (oS 5 Je

Conference on Biolnformatics and BioEngineering; on Neural Networks (IJCNN); 2010 Jul
2013 Nov 10-13; Chania, Greece: IEEE; 2013. p. 1-4. Barcelona, Spain: IEEE; 2010. p. 1-6.
doi: 10.1109/BIBE.2013.6701620 10.1109/1JCNN.2010.5597548
21. Ramirez E, Castillo O, Soria J. Hybrid system for
cardiac arrhythmia classification with fuzzy k-nearest
neighbors and Multi Layer Perceptrons combined by a
fuzzy inference system. International Joint Conference
Journal of Health and Biomedical Informatics 2019; 6(2): 101-110

18-23;
doi:

ARES


http://jhbmi.ir/article-1-278-fa.html

[ Downloaded from jhbmi.ir on 2026-07-07 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center

2019; 6(2): 101-110

A Hybrid Model of Heart Anomalies Detection by Processing Heart Sounds

Aghaei-Nezhad Ehsan !, Taimourei-Yansary Ramazan?*, Riahi Ali®

* Received: 2 Feb, 2018 * Accepted: 7 Jan, 2019

Introduction: Different factors are effective in detecting heart abnormalities. The greater the
number of these factors, the greater the uncertainty in the detection of heart abnormalities. In the
uncertainty condition in response of prediction model, the fuzzy systems are one of the most
effective methods for generating an acceptable response.

Method: In this applied study, 3240 records related to heart abnormalities were reviewed, each
record contained heart sounds of healthy and unhealthy groups. Then, using fuzzy system, the rules
of data for the input samples were extracted and the rules were used to categorize the heart
abnormalities. Due to the dependency of the effective factors on heart abnormalities, many identical
rules with a similar function that result in additional processing and reduced efficacy, will be
produced. In the proposed method, the Hummingbird algorithm were used to choose the optimal

output rules. Then, using the optimum output rules, the inputs data were categorized into normal and
abnormal classes. Data were analyzed using the root mean squared error (RMSE) method.

Results: It was revealed that the mean accuracy and time of diagnosis of heart abnormalities in the
proposed method were 99.6% and 0.56 seconds, respectively, indicating higher efficiency compared
to the other similar studies.

Conclusion: Compared to the other methods, the proposed model provides more accurate diagnosis
and classification.
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