((Sbnt Mt (S 3 pgle oBLLils (Lhargly alomo) oyl
YAZ GYYY Olxio Ad (o 50 (2 O oylods (o JLo
IWAY 6o 9,37

S oo 5] Guiaib g 5 5lwlis Wodigd piww o) o)y 9 > sb
(s ‘\S“W“ 9 gs“**b’ )*L'ﬁ)‘ oo Ll L‘ “"u c.s‘9"‘ LSth&H SLEL =L
(MLP-BP) ,Licil gy a0 o

" lholus Slg 50 ) (g lo s 9 pus

VWAY/OIYY callie b yo gy,
VAT VA e by g,

Olrl lssems 6 ls 5 S o2l 5ealS 5 (50 (st 0OSEIS (g (cwikien 05,5 ((Shgy (e 2Bl (LwliD)S Sozmils
Ol ol 3 ¢85 350 oS oKl sale lid g g (Sigy (pvkiges 05,5 ¢ Leils Y

(RN

b g0, Shos slaolii o pasts )0 lul U (e 50 5 (02l 5t Glashs, 5 (Ko ol e sla JliSw s i g il
s SO (55lwosly 5 (2l cllie cpl Bas ojls ls Laasie Sy s ,m g Jule 4 oyl e Jdod a5 05 co g Ll
sl B go Gla S jo 35750 slasomy sanail 5 gilulaz ;o aiedsn

Jol L5 )3 olouds lwosly (2285 Sj9m0 41 ipgd Al 50 40 9 (LS| O j90 & Cunds el 5o )3 Ghaghy (ol il 9 Olge
=t 5 a8l &g 0 4 clbgls TV 5l leosls .aiae] caws & (PCG) B slalas goaisS lans olKiiws Gsyb 5l cld Sgo slo JLKw
Gl b iads Sl s oad o3lle i &5 4 lsses b (rly QLo G508 5 el (il Slalllae 550 5l ol S Jsbo o slalslose
sl 310 sad e 53 s 65105 ol 8l ggerme Gl sl 1 (o U Fr g (reb YU V- ¥ radlllas 550 sloaiged
Laools 4y CWT Lo Jlael Ly s g o (g3llizr oo JiSas 1 o clasmme NS g bopygi o cialas yilid 51 oolizl L dmools
l 2 jlesliiul b Soge AlE Y (Fhg slajlop culed )0 5 435 ©)90 (o JuSow (B oS ool 2 (Shg lFel
4oy Oarp Y oy (pmas oSl Sl esliul bl ol 28 5 b Fge Gl K oo samaiib 9o S5 (5
a4 MLP-BP aSiis [ialejl (sl Ll ¥+ 5 (golpidin cmae (caSils (bjg0l 5o Wosls 7Y+ .0 pdy co & y90 (MLP-BP) Ll o & g0
IRV gLy

= Oele b 30 9050 Ve ol a8 B8 jlei VO Sleslisul b (Sge b JUSw gonabil 5 giluh slal> e g5luosly Haidly
LBy i a4 os sanlive 5 <, alool JLo OFIOFAIY s (noSlo b (33 Y 5 550 18 ol a5 Wl 5,8 Y8 o JLu £YEOIY
oot 4 5 035 )38 oy 330 (b el e J58 B 0 jShes el ol o2 )5Sl (2955 53 00,0 AF 5 a0 AF/R-EN/D
08 olyen 4y Jos jo 1y cwlie oL o

5 ot YL glall s a5 Gl Jgo sl LS oz gaail o 58l 5 (79,5 & pliebl bl slis 16 S s
S g0 azgi |y o plml g adls 952 (Sl Lo Glot 1o s (il (S3luoly (ISl guadly o (arseits L BlassT gal> 5

damled sl 55 &g 4 dlie oyl @;LLL:J

Rezaee K, Haddadnia J. Design and performance evaluation of intelligent system to segregate and classify the
phonocardiograph abnormalities using matched filter and multilayer perceptron-back propagation neural networks.
Pejouhandeh 2013;18(5):277-286.

(World Health Organization) cilag Sl oylejle
Il a5 8,5 5551 s bl el L Y- -0 Jlw jo

PR V-P)

S sSe Olse a4 (Bgye -8 slags Lo Lds pusl s )0

)_“ r l_u\) )_MJ‘)NJ )é )_Q) UQ_A-LHO \V/A r é]l_‘ ‘SAM “\49—""@" d.a_>L_w 09 S).o Q‘).uo u,.ul)S‘ )O o0l J.:Yo

o3ls (pluaisl g an | Lis sl g S o0 JS VT d) s K53 pole oS> tLiolas g 555 (LI Jaans ok 35°
Dgii 50 00 (Bt «yro 9 S po liue ol Gl 51(V) ] FeoYAVE s o OYY) Fo o YOAY royali o Sy (o Sliuion 55 50
Ok O 5 B 3550 50 Slawsl S 5 585 (ygels VIV &S Sy I 2 VWA ¥R s, (il (- OVY)

Haddadnia@hsu.ac.ir



S 34290 ‘_gLQLSQJ..).)—‘ Goaib g 5ilulaz diadgr e

odirgh dolialogs /YYA

PL L) Jiw 99 o=l 5l )l lalae igd oo ponnds
S sl e oS (oanb 8 (So slaJUS
3 ol s b (B8 Sl lon ariS
53 aelyl8 ol 5l (SO lge 4 1, PCG ol Ky
d=do ol 4 aiils g0 B ande 8 slacirsg oLl
Sl 5o e I (ot (SelS SLedlbol g & oS
5403 oS bl T 5l eolitul aSh was oo 1,8 Laasie
adlioe She

C_wl.: 30 gl S slecled Lo 4 B8 slalas
oo 85 SA 655 55 oaal 35z 4y (S Sl sl 4
Gob jleed8 wlace IS (el jo a5 (S Sl sla Wl
331 bl s e JUil L lajelas shacll
Loy 151 s oo a5 5100 w018 3958 5 ol o
slaloo .o ld o, Shae U 3ollas 0ls isles ECG oKiws
7o Lk plySge g w3 ga &5 03595 J>lpe 50 (Sislite
O i by 5l g B dlae oLl g bl ) S
Slao ¥ ggamme ;o bl (0l 5 caiils g e laasy (o
glo ¥ ol VSO o a8 ad lgiee | 8 5l ogline
s VS o el saseljo ialed 4 Lyl Sloy Jolgd
g bl ol jo I8 slalao cosdse ioles als
et 18 e AL

ol s islod 4 S4 55382 S1 sl 90 45 45 8 slalas Y S

S, S S, S
| LT |
||
| ] |
L J \ J
T T
Al ay90 bl 890

(ALl s Lol 0,95 Jsb 55 45 B ) oud sy slblas Cosdge ¥ S5

Sl 3979

J—o ol pom a1y b8 55 00
35 ganadnl sl 09,5V 5o Olgi o0 LB 5SS
ool bl sbalas 4 by e las ¥ oolaws ol 5l aS
Al oo cgllal o Slas oo

5 J—=te (a8 (ot Ay il oo (sl (O
P9 A slaazm ;o

G5 9 9] Glazm e ol a8 las egs (Y

WERY 19_, ‘5La,|\ o

B oo Cewd ]y 055 ol I8 slbassl Sl &
PV Jls 0 a8 ses o lis )bl sle s i
) o53 plz ool slacs lor Sl 585 (gekes YYIP S0
(Y) ols wialgs cws )

Sl 5l (SO pludl B 4y by o sbalas o
UlL“))" LSOQLM‘ S)90 )l.u).'é )‘ aS Sl u.]o rb.Lc B ‘5.......4
cls  SolSe slacS o icdd glalas Loce ol o0
50 Sl B L (Sye glyel DI > cnl 005 o 5L
33 Py ol S ysb a0 g b Glagee Jsbo
20 A4S el (iS5 g 009y sozles e DlS i, a5 |,
(b il prelae 5 plul wanie o5 g5ludlye o
w28 B o Slee 5l gunae Sledbl (g, ol 5l eolaul b
WS g Lo olai o g oo o] 5l eoliiwl b oS 0T o
Sged plulis |y b8 6,18

Sol o, Sles oo Jdo g B gloo @ (ol 365
3lesleiwl L ogs aalem 0l dle sz ayo idls &g
il plate a5l b 2f 5 b slalas
slolao a5 5,5 o ol bal 5 dlase opl (Lol Jds
Sy soil sy 5o it glalas g Cl8 o Sles 4y by yo
RRERREX S TIPS NN POTSPN:Y,
Sy dlem e § a aliw dndd 4l | Sglaie slows
Jeds a as 6ol 8l AV Lo s ol (asein a5 431
Sl S oo anlye (Sleyd 3510 a4 (B Slags Lo
= slaghy, 5l (S Ol 4]y B slas ay pols 568
shoolaiwl (V) auS oo Slaeld jaseis )0 wdb 5 ol
P sladels g 6 Fgaels Slowlrne (e Sloptucs
Iy pandid oo g S8 (6 Kot o> U \.\4‘9.1640 &)l
)5‘).9 a ‘) )Ln.u ))_ia A_:l_t.‘>‘).a cJ_vLD.A 29 oals Qﬂ;‘)ﬁ‘
[ Ys_o.u L8 slaloo o s Wil JBlas 4 Sbeys
5l ls U 4 (Stethoscope) b sla 555 ;i eolazul
‘d‘;yo)L{}:}B 09‘»‘50 ‘J:l?u‘ d‘;yb)lSy}B oKwo d))b
o905 g dd 31 0 i gandd ga ol g Sllug
3y gamte Sledlbl wlSeiws (! (F) 0,5 o0 Oj50 9>
T L b e Bliel 5 3958 5 <l Glacs Lo 51|y slous
Ao B sloads il o Jae sl S (Q) was o &l
(S2) a5 sla—o 5 (1) adsl sloo glymme Lisu g0



YV [Lolas olg> 550 g olo, g

WWAY 55,5180 oo D oyled

GO S g L8 oo sla LS (sanail Al

e Lo og) (ol e b rnb loazus ;o Ll
oS ol &) oy e ez o] 51 45 s olgiig
»lo s FCM K-means sauasgs by, (eshan onas
5 V) oged 0)lal egian Bga b Sndle (s pT0b slahs)
Loosls ganails sly ) 5l 5 waz oSS 50 .(0)
VQ ;b o egias omas sloased jloslinl |
ad> 1o 8,5 s g 9Slodsd 90l osls SO L MLP
yo gSl ol (slabind (g3lolaz g o ialoj]
leadlie ulwl p s JUT S5l eslaiwl (YY) 8 5l oo Jais
Hidden Jas jleslal 3 O\Y) PCA JL&—w Lol
=8 Gl i siluloz gl ol i, () F) Markov
mizred Ll 00 ploul udise Lawgs 1,51 45 Wlosys
el slead s lsol wiedige Jlod 6l laghs,
OV0) el 458 33y &30 iy 5 A5 glo Lo ol
Goaib o a5 ol a e 5l 55 (636 slapia
Sl g Jomol 45 atg) e Jle 4o (B8 sla JUSn
S gloesly ganail 13 0ly o caslio 5,50k
GlacsiSS 5l 55 53 sla g, ,o (VF) 00,5 b sl s
55 95250 sl iy, L oolinal egias Jigp n S
Sy a9 99D ol B Sl oael Cews 4 la LS
Obizebl s YL e L L aaay | LSl ol paases

OA V) WS ks bl o ey

&9, 9 olge

et R e P T
4 pgo ad> o 0 g 004 (EXploratory) slccst g
oyl po e85 alonl (Gdla (ol TS) (s s,
oaiS L ol bl e Seo sla JUSe—
cdbogls Y5l Laoosls .siael caws 4 PCG) L8 slalos
3550 il ele S sk o el é 5 ST 00 4,
4l el ely Gl lom 3950 9 8 (b ldllas
390 ladiged Slolejl basal o 00l 03l 5 & g0
= Se JBe Fr g b JUSe— V- ¥ el
5 Ayl JuSems 0B (5510,5 o3l ggazme 5 Gl (xilo
FKHZ (ils 3 a0 glssy g o (5510 diged 4 5
ol olemo ) o les gaolan 3l oolazwl LG oS oy Jodas
waJgl slaosls 10,5 o5 dlay Jol Jdo 090 03dlo s
YL gloassls (il 5l s S5l (sl Ll (o9 Cmna Sy
RUIUW Y WE S PN LST

blocdl 5l 2 095 5l lagskey (a2l (glao g (F
09 phatel (995 sl 8 (sloo (F
S5 3 S5 e b SIS S5 slae (O
a0 Slme D S CSESy pé 5 A e
AV
b8 SLbl gannS Sleadlrabe 4y 4l sl (¥

B giSs i gl (S S gl i glalas
sbelao 55> Gl oo 1) Giole 4 ans sbalas g (wens)
U Loy o131 51 i e 0 4 el LB _nsbs i
o5sS ol xS K glls s glaral
et slolas a5 > o wils oYL bes a5 axien
4o ol g 9l @V Gl 8 el b 8 g CS By
B bl AV az po il e a0 Sloldil co
Ly 5 kil o 5 b el (5o a5 sl iLolil gl o
sirs e a0 a8 Sl gl 0sd kel bl
1) S ghio b oLl 650w S 45 Cansl (ySean oo
3 e et Glaco Byae a S wuil allls 095 (B o
o 5 e dzm o 4y gy pe Lol o8 el B il
o sl o w5 5] o 5 o S 3 sl
gl 63 e S pw

Silbmdae 69y ot SLaiegim 5l (S 50
JUS 3lodse e cnl 5o 5 00d I (b8 slo JLSw
S Olallas jo .l 00 yldaze a3 ae ST 51 iy S2
o1 53 45 0 Jae sy S Ky Lags S2 5] ailye o
ot S s S il ol b b JUSe
e il 5 s Ln s, 750 5o (F) S
30 0dsl g9 4 blas 0 920 sradie Sligee
)5 )18 aalllas 3550 B (5505 (470 5 gl (gazm 0
Cl (6,500 ST« (Siod oo 5 oalaiul (V) col
ol sl g 0 oo 3-iize ECG oSl oolaiwl gy a5
b 5 Slej Jolgh aF col allse p3 SIS pue o Lo
Sslolaz (M) axsl olyen (555 sloadlye b JLKw S5e
Veslo s Scorge culis e jleslinal L b JuSw
S 55y 5,5 blasil 0,50 o pluiil 0,90 52 ST cailse
GxS S b ol ) g5 0ads plnil 2l San g LiANG Lo
Ay 4o eod iy e Swle S g Shannon 5,3l soucls
Q) 95— oms 005 a5 ] iz § JiSimws L
shacin, 155 5l (s Fs clil p stian slo S
S ) Slallhn iy 3 o ol £33 () ol
weld Gl by Sarge cal o sl Glade
13 Ll (0 0) sl o oliiaal g sl o il ol



S 34290 ‘_gLQLSQJ..).)—‘ Goaib g 5ilulaz diadgr e

odirghy dolinlogs /YA«

slagise ey FV(N) sSV() T o a5 cé 5 s
aales o,8 0l Ol b sla isn ¢ (i Ol b

)
I PRI I T -
i "‘/\W LI..?A...../\,] :},./\_J\..J V__.»;;_/\.w \urj
B : / ?

AN NN . BN

4 L
o 03 1 15 2
Hears Signal Witk Hoisa
T T T " T 1 T

Ll a

g ol L\<J )wi:_ul\;xww&; AR ,_iAM, L,,WM'\ .A‘L;\,,ﬂi‘x\,w‘-rllr/_u,f_i

. Tioms 50)

L i L L i L L ‘Time (Sec)

5 bl s Jlael (0) (o8 ok > 5l LK Kbl @) S
by w99 5,0 o 5l ead laz g LSy cld JUKw Lolei (€) g g5 i
gl

35 cli S JUSs S2 5 ST (ol i il o
ALl a5 b8 gy sla i g 0,b 1,3 SV(n)
NS FV(N) s o wiiwe BB b 25, Slas
o Lot (galolan ;o o )5 oy a5l oolainl L3 )8 wales
TOMINPOTYIES]

z(n) =log E(n) = IogSV(n) +log FV(n)
Y aolas

Olame 4 aiyls HYL LS )8 S Slaaalie ol ol o

Mo 5l S Ngd oo aild )l o Sl Ol
Sl ol JUSw bt slacib adgs jo a5 wal S
B S S0 & g Sl i sl 1y 158 lis
GlaSzge an ) aivgy le) &b 5 aas (lules olej
CWT: ) alvgy Sogo b0 cdsled pumed i lisee
Jios ol sl e (Continues Wavelet Transform
ol Sz o ol 5l as o ls olyen 4 5 (6,500 <l
Lol 51 iS58 5 sy 5l oot oS 5 sldd Sy
ot 1 50 S8 5 ol 45 (g pb 4 oo oolicl
L sla b asibe 1) Juew 1 g 0093 oo yiws b3
2 CWT oS (o dow wsliie slagigls, 5 ool 8
gl Lgo3 el S e STFT Lo b a5l (6 lon

L1y oeilS 534S ol (Seule g3 5l oolinal o o Lol

Dk (1)
max(| Dgkp; (1)])
Jmlis 3l ey 0 (60 g JUuSKew Dy (1) alolas ol 5o ) alslas
e S 2

Drorm (t) =

Silwlaz g ngi Sis

JESw o1 o as ccl idu ol ogjlulos gal>ye
S8 ae sladll 5 e S Sl (So—e
Bows Slzo—= 5l o Fo—o S S
L oo Bl slaps g olalazsl s 4y (SIS 0355358
Griked S ren 4 g i35 18 b co o 5l gyl
B Sge JiKew sainlsPl slaisn wilgn a5 ol 5ls
9 & bgye Glalod 0 08 Bi> gz BB o> U,
L ol Jiis il 3 aedél a8 ol o ools )Lt
Gl e gy (o armme ;510 ks glis 555 il )8
Leis olSSl o9t a8 57 Jas 5o b (9o slo LS band
ol e ool JUS U ooy S5l o saile 3l wlslazel
5 S Al b b LS o lajg flie ol wialy>
oS ous ohb oyl S ) sl s YU LIS 8
o 3l s (JUSm (59,5 5kt 5l eoliiul b el (08
ek L3 S s Solu ez S s i Lol
L (Least-mean-square) LMS  (Adaptive filter)
Sleglass (allyg o/ e v oV plS (sojlail g oo b 03
ot ool ety GlaJUSs 51 Sy 2 ) S92 50 a58 e
W S8 el JUSw 5 ales 50 5 e 4l aax
slalao 4 bagpo cdel) o (215 50 35290 258 «ales 5o
bz (b JUSemw 5l (s =555 slaplail oul adgs
5 o oglla 5 a8 8 la JUSw 5l aiges S Nsd oo
¥ USS 5o weads Jlasl 0T 5 ps5ae 128 151 g
Ll o0l yo iules

S2 35Sl as b 5o sla S JLsd slaji
e Tae S gaeld oz e Sl Gy il e
l8 Sy Gla UK a5 ol S 4o ol iyl el
g aals dn o aites B b 83 Slee Sbhles oS
5 oS oL s )ls calid (e glgal (ulS 8 4 o0
0555 52 6005 sl Sl 5182 5 ST gla iy el
b e SlaS 5 ol a5 cwl 5 Il 4 15 el
Dled Jod (ot laadlie a1y L8 Sso slo LS

6310 aiged il 3 b canliie (39,9 JUSw (5551 ST
IS g o0 olST w09 (5,8 E(N) B g0 JUSms
P FV(N) 0 8V(N) s ol &j50 4 |, E(N) (655



YAV [Lislas olg> 550 g olo, g

WWAY 55,5180 oo D oyled

S5 a0 aels (og Ll e B 58 A8 s
S SWl Glas Ll b Sy o e il U asies Los
JUiSms (b 58 (i3 g srmb (150 B igd oo prandiS
oo dils Cenlin (gousS S8 G5 eolatl b (699,59
o281 LSl ol gy Soge ol eolaul Laisd
Slge an JUSKw 5l saal Caws a5 ol o a5 dgei aalys
2 gy onl il Wgh ad S Sl o owilS 5 Gl sla iy
B Sge JiSw kit zobaw wolpo 1 slaal>

IRV PR ES B

a [ o 500 a o o
05 F i
% o ,4 ,‘ {r ol 'lkm\l‘itl-*ﬁlwia ‘ ” S S g i
ol 1
i 1 i |
[ 1500 ;-a‘m_)” =m 0 00 4

olid aS el Jao JUSKw S 3l 0y IS 4 bgspe Jol jloges & S
A bguye pdpew 5 g0 JSB a il e et b8 b s Shac onin
el ol S bl g oLl gl jo CdB b 8 Jge JUKw

Se Sl ead gilulazr sasgemme 55 F JSU (Gasgeme o

2 g eael, Gule a4 (0) 5 @) glcwnd o L8 LK
b Sezrge 00h S o pe B L@ U ©) slais
6999 (9o JuSemw 3o i a5 e gorme 55 sl
o calys 5l ool U o ol S el o0 Laseii
Jom ailBlas Ll YY LY. an 50,8 o JSi 730
Jod 5l agn ools jlaas VYA Suls 12 0 a5 00 5 oo
S5k Ol Sleslinul b Sy slajls p polic 0)ls 5924
OloSse 28,5 waalys IS8 diged SlaSulo (g JUSm
e ) I8 Eglite JUS e a (sl |y pnds ol
b o 5 LB G 53 (b 28 oo (B

Sl s 8 50 Sl .S oo Lasl> Sglaie gaiy wlide
05 S B Slp i S e 4 g 09b o0 S5sS L

Ol =S ojlasil &8ly ;o CWT (ulys 0g valss )5
Al S o ot 4 ke S 53 loSmge cgplie
aile) YU S 4l CWT Jlael b el o5 o
JiSo ¥ b GLSe sloanl> g san whis b (XD
Yool alolae bl 5 1) CWT (g5 o 058 oo dumlne

13ged Ol

¥
Cap=—=0 X(t)v St s ax0
=50 ()vE 5

Ja o

¥ ojles alsles

,8SLEa el 4l Sge bali s s P(E) T 0 S
ol 5335 S X(1) 5 JUi 555 D sy ol
ol anlss celh CWT jo (6,105 ulie el )l G (320
S ol b Bk 5l g 0s palaeie (uils )8 - ley Sle
aalgs Sols Srge JiSiw ;0 w3 b ol 5 5 5le 00,08
ool 8 50 s SO bawg (6,005 ulide sl ,le 0l
S CWT wls oSe Cd GuilS 3 L g gl o Slgai
ot Lol glangs lp o0 ST (pl 09l rogs
SIS e 5 e 50 Sl 9 Sl pglie JUSew
IRV FRRVY A P WP Ty [ L 90
it e e CWT Lo Jleel b ol o Lo 1, FV
aS cosp ol e wedil ol wilS S Jolgs o 1, ST
e SO Ay Cad g SVl ooguse ol o ol oels 3
el 18552 0 6 5YL S B s 5l ateine (Sluon
Yoo B e alols o ol iS5 e ol Yoone
= S L JliSims 15 rizrer 0,5 o 1,8 50
sblwdl 58 j0 g ol 5L o FV sy ods and
3952 §S1 slacsy o 5 Hloj s aiales Ll
318 518 (4l (Lo A B Ye Ygone) casein so5k

> sl g dB o s Sge JUKew 0006 S
L) &(a) J&w e ‘5..\_..54_..4)15 ij) )I oolaz_ul l_s kS”“’b
o) la o o JSw (pl (mizman ] o.\AT)a Oiled
Obey o el ol 8 slalao gl s 5 4 0(C) 5
Sl 0als ooy ylid Cl8 SHlae bluwsl  olas]
&S 29 ¢!y

S bs, 3l (S« Srge SOas elul 2 (S gl



S 34290 ‘_chaLga;l.i)—‘ Goaib g 5ilulaz diadgr e

oairgh dolimlogs /YAY

o g ) Sledbl isls  aadsy coias wac aSl
L bysy )-*-'l* Ol 59,0 oL a¥ doiyg i e bLS |05l
Sl e Sy g g WS (o S 50 LY (339 SRSy 2
s GleaSl gl e Aol Ay 4 bl plgie &
Dl (—as 41.....4 uJ)JoJ.w asl m\;}! e 05)........4)4
o bzl Glize glgl (lae jo 0,015 o sas lls a5
(599,9 oY dcgozme dw jl LoaSil cpl ail oo omac
Z 9 el ol JS5 (295 Y g (Sle) (A Y
sm 42 (5995 S e b (LIRS S5l g Y 5o
5422 Gl flbas (Sozm Ol 4 58 00 dalys
aplez olidl 1o ase gl slaws wgp SYL Judoo
leaSs 5l oolawl b (gondiads o g opl jo .cdl
9 Sl 00 ‘Bl_7u‘ MLP-BP ws) (_51_....9 — (—ac
ooy o=l o aS (ISt ool olidl Colie 4 (gasnaa b
S L 6,050k Al 0gd oo oaS g9 ol (o390l L
a oz sleosls aS )b 5o 55 e 03Y 5 095 o0 plox]
slass s 0sh ),SS (680l Al )8 el e 0l i
A oo lgi oo > g o g, 3l eslatul b Yw
Joe S5 5l sliges VSl 20,01 s aSits cpl jo |,
UT B 03— ul?b.:‘ LSLQU...:L:[) as mo‘f L)""JL“ MLP'BP
bl e g Sl ULl slags g lasogs sl

sl 48,8 S oausS (gandil Lol Jo

(i sl gy

Sy sl sy 29 slbagy

Sl Y oo 5 slaws ] 0 a5 25,5 Y S LMLP-BP Jos ¥V S
Al e Casd 4y s g oo g, (whal s (i)

= Sillazr anl B S5 e a8 ol Aales (bl o 5o
loyloy JSis gl Szge cal s 5 oo Jlael Ll
SS9 o Dl 55 45 58 a4 ] Jol> (g
orb el ons las UK o el Sle a4y S
= Sloo 59 )0 E 5 een &S b 0 00 (oGS
Sl jleblacdl oo 0 5 AL e o B b
L asd aalss cow Al con ol o555 Slsl2

gl SSE 0S5 5l (paede 0 b SRy slajlsp

SemabiCrk] [5]
=

=

i

<

| i
1 _.Ff

[b] * T
ol R ,
£ oLl s, | w(\w ]
g
2, 200
:
§ » Jv v ;
003 = = = s = 2 =
- :
3 i I }
g° r
| 71 \ TJ ‘[7 |

[
I
é}-
3
sl “-:E:I;;— o
H
i

B,
e
T
i

m,‘.
b
=
==
=
—_—
=
=
‘

[ :
- o

Deomesea
i b o
T =T

= YLK S 5l oals (gjlulaz dsgaze 9o casas Giules (0) 5 @) £ JSB
Gillaz dsgome 55 Szge caly @328 Byme (@) L ©) gl JSo 5 ais
bl o Dl wdlS b olsd 5 Lol JUiaws 5 o

w—as slaasei jlesliwl L (ols (guuaid
MLP-BP ¢ giuac
O3S Jom 0 Uy s 4 egian (a4
Sleazld 5l il )o w0dzmy 5 b f Glaptn
Erman Ghep a5 Sl S lste 4 cwaige pole
9 SN Goud (ilwannd Joo SG aSed cpl o jls 0 )8
Ol S Gess 5 pladl 30 g lael Sl ool Jlo e 5o
@olass GBS oo JLS 5 oS 5l (oas laaSid Ll
2 LeosS L oy i g oo Sl (sjlge (slao Shos b (395



YAY [Lislas olg> 550 9 olo, g

WWAY 55,5180 oo D oyled

New Research Resource for Complex ;| so_s lacs
5 I8 sla o] 5l slacgeze Physiologic Signals
Cdy oo Vo 5Ly 2STas satels by 2 Y LI
MIT-BIH a bgsye 35 paa 00ls oL (V) Cessl 004
S5l pge ol 90 ol 1 Lasagyg ol jo a5 cusl
9§ S2gS b 4 aS se50 4y o lailinl soslail (V gl o
S es39y9 @ 2 Plas (Vaail S5 (s &
Al anils 0gzg B o Slos 5l ands 8 >
5 B LB e Sl JuSs (5,8 (YL wa
L 592 oo e shol JUSms b izl 5155 (VL w00 5
550 JiSemws a ;2 ) Jgozr 55 09000 s3lulaz 5
o oduzminw (solpion o3l & Sloe 5l oolaiwl b gy
Y Jsoz asleas] caws 4 ol la g5 o] 0 g ol
GlaJbSmws gaaiib o 8l a5 (2,5 Shles s
slaaS s L MLP-BP oo )s Sl Lawgs a5 coul Sso
P9y o rSee L aY iz g (Fyian (mas
(o o] gl e j0 sl ool ploil Ll
Sleasl cws an bl Wbl 1 (59955 4y sleo S
oS YV shls o Sy Jlop JoSi5 5 silulazr >
WSl 295 4y leo,S ol (i S e 4y e
(aie dialigh Ojg0 4 45 Cuwl 0,5 T golgiiny (smas
e Sl amus plaS 4 (639,9 JUuSw 3jluee
Foadolre ulwl 1o 8o (a5 o s Gl (8 gaslTan

el 00l o”]ﬁ Joax 5o

N7p + Nty
Ntp + Npn + Ny + Npp
¥ dolea

Accuracy =

6ol 8l L8 5l Seo slo JuSew slasws NTP loles o 5o
1 Ll (s 4 55 1580 o5 g 0095 oald jlay 457
3 So—e LK slass NFN el ools aseis Wl
oLl s 153l o 5 wilosgy ol Lo 45 el g0l 3l 8
sl i slacs NTN el 0l a5 plls 1, Lo
N8l e 5 alesgy (ol jlas a5 Cunl (g0l LB 1 (g0
NFP el ools jadeas I8 jles | Ll ey a4 5
=8 e a5 el (g0l L8 51 Sao sl JLSw slass
ools o is jlaw |y Ledlolosl any 1580 s 35 Lol wilosgs

o

M)QM6L&)LM54;)?U ‘ul.u.ul;u &J"’L“"‘J"
uo)_9 0)5 Yyuvy. ‘@LA sy LgLaso)f slaws mgdl{,;.:ﬁ.ﬁ

aS cdl walgs dalsl Jley U cuac aSS (650l ol 3
5 mateie o Ly o] Jol> o Se 5l 550 b o 50
Sg> e (n Sz eS 4 o ATl gla by wws &, 1SS
Sldie o yieS 4y liws Bow Gl j9e 02 oSl o oy
el s ably g5 g Ban polie yle onspe sl
99,000 0529 (6,5 0k b ALl g9 (pl 0y Gl 5B )0
Gl sl J= o)y s (gl wadisn 50 4y A
aolio Baca jlacie b las Jlade pl o)l dalss ol on @
o B glaany 5kl esel sy 4 glbs 5 05
L 5ol anld cdls ol o il oo jLlacil (694,9 Coons
(5995 6Loo,5 laai b conliie § 92 o 7, a5l i) g0]
o g oad (At de Lagjg (o2, 4 g (A &Y
g oo et o295 (@l Ken 3 00l S5 sland

lpaist,

S o o o8 818 S s S5 B 25,

gl.».»_wo J_>L9)_».: J_Q.c)o L)] g.,\_wl.m @blfj 039y d,ao
ot g 6l & jgo 4 cdbgls £ ) 96,0 sbosls .ol
g B b Slalllas 5550 5l 59, (o Job jo slalSlae
= 5 len VO ol Jlorn ok (rsly Gl Lo 39,0
S ol L 50 g0, Ve Slass a5 &8 )5 sl
Loos Vg0,V Jols WJlw o, 8YF 5 JLw #YER/Y
S0 o oydley Do 4 e OFIOFAIY o S0l
ad> o 5o golpiion o, e el Caws @ ooyl al> e
03ld oLKL 10 3250 (gaises ¥ 3l oolaiwl Ly (g5lwlos
Hhew 10 5l Laosols e ;o aS o Siolejl o] Cawsa
8 b i slao ga3 Y (B (g Lo 4 SS9l
g bl ag aasie SCip Gl b gllae a5 ol 8l o
3o Ladzn yo canliol o Slos «d8 Olae cewlil bludl
S S dm s oblas (S0 saigal Vg oog B
G b Sl oa b a5 Jeo sl JLS—u
IS (b JLSs > a0 Fae b LK
O b e JWK 5 B SLET e )3 (b 22
50 L1581 s el ols lid g badiges slaws o YU
28 00l oLk 98 ¢ Fg—e sla JLKw o gjlulas
(_g‘.\_»o dSgod v )1 £ osls ol_ial; a4 S ol ool solaiwl



wyd S9zge Slo coi ;| Gaail 5 ilulan diadse g

odirgh dolinlogs /YAY

sloads s Jgo sl JuSw <8l LYV Jlo o (5
Goind g g (gonddl ay Il ol 3l g L ol 4l

OV coloy o8 sl oy )]
zl il gal> o ;0 (DFT) atics a4 558 Lo 5l eolaza!
(PCA) Lol loadlse Joloi iS5 5l 650505 5 s
3 9 a0l el S sael cews 4 JLEw olal B oo o
Giaib 4 (soias gras (aSl ool b ol
lr S5 Gl o el 8 5l el onid b JUSws
O 50 9 Sl oads &) (6,50, e Lol slongs @,
5 Ll s s e WS 5 5255 395 b

bl wlez | 0g>

sace ol Caws 4 slagSIl 5 S0l gl Ban g5 0l
ol oo jlade wisgs Bas a5 b WIS ple glp 9 S
e e a5 (650l Do (Ysb anls aSl cpl o al
s bawgie jlade 4 aS cuils aslsl Sloy b ogd oo plx!

ey [0 Lok 5l jeS 4

o5

A 50 i (2Ll Vgl a5 Sl s il Badss
Gl JUiw 3,3l s o3 SIS s Ll 5 ol Loe
A8 (odga e s SbSiST e 3 ailon B g
Oygme ol slaayl ol 5 sanail gars; 5
DS oo pleiogs da Sl pl 5l o UBUZ by, caid S

~goleilioy piy 5o 8 pSoe 1 ooliiw! b b LS (g3lwlaz o cdo gamwlxo ) Jous

Nen  Ntp Ntn Nep 5290 b (Sxseal ol DBs DB: DB: 63535 Sy JuSew
T v N 3 YL g b olyan
) \o¥ b a5 ySos g JUSws
Y ¥ TN 5 a8 3255 L ol e o Jus
Y N - IV 5 YL g b olyan
AR Y oLl - S cdd o Slos L
R O TN ) a8 3255 L ol I m s Sy Jus
Y - A - TN 5 YL g ol e
\ Yy blud! Scdd s 3 Cw
) va ) TV ) S 555 Lol e 5l o 50 B 5,5 es S g JUS
YooYW A Eyomo 3 Slas va \S¥ € om0
JAAIYD £ e[+ 50 5,5 hos 13 Copmibun
TAYIAS £ /Y Y vy ;).15
JAVZARR- SVAVINS bl o cdo

ol S go b JUSKww wadigd (gusudinb 50 (5,138 oy e B gouddd UL Y Jeus

DBs DB:> DB:

MLP-BP o),6501 j Ggo JUuSemr sty 4o

VAIES YA AYIAD
VAYSA VIOV AIVAb-
YEYY O feJfY Velvy

(4Bo) (golppuiiony (mas 5oud (5 S0l loj o
(4036) (g0l (o 48 S lo3T o ke
(5 r59k d> yo) S (rb > o (sl
(o3 Al y0) ald s Sl o (andeld

a1 VEVA vy
s YIA Yevy
W\ v Ay -
Y|y Yo VY[V
VY Y|y AJA
JARAY LAUYA LAY
V7S 772 TVA RY) SEVAY /R0
JARIAZ-JVA RY) S SEVAN VI 9N

(5 759L al> yo) (PLEI (22 53 B (rb pué Sl oo (puild
(G lo3T al> o) (PLET (> 50 odd (b Il gusmo (ausiild
(G50 > yo) blucl (> )0 S (xb 1l Ll gz (auslld
(G lo3l 4l 30) bluwsil iy 33 il (b yud Cdlo uzmis (el
(G5l > o) (2 lod o Shos
(b3l Al o) (25 0 Shos
sl 8o




YAD [Lislas olg> 558 g olo, g

WWAY 55,5180 oo D oyled

s leaSd wnainb S 5l s S g B (LS
I, Choi s JSiie 1 50 a5 0 ool VTA 134
sleools gonaab o sloaay by ile 5l eolazwl jo
oSS hgy o=l yo 4 JlL(YY) conl ooged o s> 8
Oyt sl LK 51 )] S5 g S (gjlolas i
i o s oy o 05 Vb Gl 515 0o 352
Az il (LA sgas ) wldl o )15 Slslpl & oo
=Tt A jgmants (G0 ojlle i gl Byae aS 5
58 wol e ol 4 0,65 S (ROC) o ,Slee a5l
O L aolde ;0 a5 o) oo o JAY Dg0 ) 0guds
S (b9, 99 ;2 5o el yiaS (golpiiay o s8N 5o i
Sl s sl Ll s (S gl sl b ead
603..\_.«.4 )0 as QSIL_} )Q ! UA?!_M.A[J J_..quz,.lo 605)5
h_L?'jA J\:J._,.: )‘ oola_ul 9 iy \R\1 ‘;).:5 )L)JJ )| ‘(5‘95
L o Byb 5l canl oads oolatwl by S5g o s ol gl p
AW ‘5)51015 lrools Jolis cosls olfal.: dw 3l oolazwl 5e>y
A ly Ol lon Ggye 9 b8 (b ldllae 5556
New ¢ MIT-BIH ;loa_i oo sloo aiges TV ¢ lg 5
Research Resource for Complex Physiologic
5 Ujeel gad> ey 0, Shee yloj 090 b Signals
s @) S cote sllas €55 w(sdleinn piys8l Gl
39 el og Hol8 g (Laosls (oYL g9-5 ¢ (SuSTy,
oleiiy by, oS plete sla,iSl Glgis @ s oo
oo Ao o=l 0 e b la by, 4 Cand
042 cmwlbio 0, Slae an 0l Cudu gal> o 0 LA 5 )50
&5 lmwdinge L a5 lo auad oas] o allie Bariss g col
Jlo> 4y Uas wgi Real-Time 1580 s 5 )53 pimmm
9 ‘5:9&‘@ )._Sb.o B ob).lwf 6[.(&;4.1)‘.9 L: W 9 S o

23,5 (g5lwosly gliw, oy

REFERENCES

ool bay 5,5 4 PCA wwy ials LSS eyl o ogdle
Al gwps 4 wlgn Bojls L PCA 53 i 5l ous
gl Gy oml Bk 5l el | (S gl Al
sl e paiie Gl (Sily 4 sl b & (S
DP9y 5 Sl ol g s oal (gan el il
sl oi,] pateid 4 Cand ol L 235 o Uguz
3 bt ol o5l a0 B3 el 0t o
shead oaid slaJuSow (alolid )3 Slodes slofonily
31 aS (6,508 Giod )o Sl 093 b planel (Lo
Gaaib gl Y-Ve Jw o Jiang 4 Choi g
ST UUINEL 4 JOT-RURRP NP P30
52 4z Fwidin 9 Fmax yol,ly 99 5l e85 0j50 ol
s Lo gial)ly ol (F)) o ool laools Julos o (6,15
sl s NAR-PSD i Sy 00 iiS G ogd s 5
5o 4zl w59 NAR-PSD  ixie L o955 blas ilS' 3
U oad ool l (gl (g i Sabiwl Ly LT s,
JESe (il 2 sl 9 (ovie S e (s03g00s
orrtle e 1 il wlogl ()b g lalils (0B S
5 455as> (Support vector machine) ;Lo jls,
P P e e BLET g
e iold b g b f Seo Gl LS il
i) o1 LS Lol ol 1 azzdly s 78A sga B
= obes s e Gl 5 s g g Blie 0 (05
SeaSS 500 Ggm el (2860 sboosls osls  yos
3 a8 Sl JBUL 650k by S byl (il
5o S C ably Sl conlin 5 b Sy 2 ame
ol oS 280 soleiin gy L it (0 (Saumlie o
5l s Jiang g Choi og, jlews of, 8l sloss 4 S 1, >
sl g5 Jl plbadlioe (S8 by, slewm sladiges
a5 ChOi s 5l golei—im 29, (TPR) o
sleassed sylel g55 an o1 o 5 onal Jol> (olin
So Sl 4S5 6,50 agin 40 005 (o0 5k ead ]
EAse YV Jl s GulSea 5 JOO

1. American Heart Association Statistical Fact Sheet, International Cardiovascular Disease Statistics, Update 2012,
Available from: http://www.heart.org/downloadable/heart/1236204012112INTL.pdf.

2. World Health Organization Fact sheet N°317, Cardiovascular diseases, Updated September 2012, Available from:
http://www.who.int/mediacentre/factsheets/fs317/en/print.html.

3. Faizan J, Venkatachalam PA, Fadzil A. A signal processing module for the analysis of heart sounds and heart
murmurs. J Phys Conference Series (International MEMS Conference) 2006;34:1098-105.

4. Vollenhoven E, Chin J. Phonocardiography: past, present and future. Acta Cardiol 1993;48(4):337-44.

5. Durand LG, Pibarot P. Digital signal processing of phonocardiogram: Review of the most recent advancements. Crit
Rev Biomed Eng 1995;22(3/4):163-219.



6. Jingping X, Durand LG, Pibarot P. Nonlinear transient chirp signal modeling of the aortic and pulmonary
components of the second heart sound, IEEE Trans. Biomed Eng 2000;47:1328-35.

7. Jingping X, Durand LG, P Pibarot. Extraction of the aortic and pulmonary components of the second heart sound
using a nonlinear transient chirp signal model, IEEE Trans. Biomed Eng 2001;48:277-83.

8. Leung TS, White PR, Collis WB, Salmon AP, Brown E. Time frequency methods for analyzing pediatric heart
murmurs. Appl Signal Process 1997;4(3):154-67.

9. Liang H, Lukkarinen S, Hartimo I. A heart sound segmentation algorithm using wavelet decomposition and
reconstruction. Proceedings of 19" International IEEE/EMBS Conference; November 2007. p. 1630-3.

10. Liang H, Hartimo I. A feature extraction algorithm based on wavelet packet decompaosition for heart sound signals.
Proceedings of IEEE-SP International Symposium on Time Frequency and Time Scale Analysis, October 2008. p. 93—
6.

11. Barschdorff D, Ester S, Most E. Phonocardiogram analysis of congenital and acquired heart diseases using artificial
neural networks. Advances in Fuzzy Systems-Applications and Theory, Comparative Approaches to Medical
Reasoning. World Scientific Publishing 1995;3:271-88.

12. Yan Z, Jiang Z, Miyamoto A, Wei Y. The moment segmentation analysis of heart sound pattern. Comput Methods
Programs Biomed 2010;98(2):140-50.

13. Uguz H. A biomedical system based on artificial neural network and principal component analysis for diagnosis of
the heart valve diseases. J Med Syst 2012;36:61-72.

14. Schmidt SE, Holst-Hansen C, Graff C, Toft E, Struijk JJ. Segmentation of heart sound recordings by a duration-
dependent hidden Markov model. Physiol Meas 2010;31(4):513-29.

15. Moukadem A, Dieterlen A, Brandt Ch. Automatic Heart Sound Analysis Module Based on Stockwell Transform.
eTELEMED 2013; The Fifth International Conference on eHealth, Telemedicine, and Social Medicine; 2013.

16. Jia L, Song D, Tao L, Lu Y. Heart Sounds Classification with a Fuzzy Neural Network Method with Structure
Learning. 9™ International Symposium on Neural Networks, Shenyang, China, July 1114, 2012. Proceedings, Part I1.
17. Salari N, Shohaimi Sh, Najafi F, Nallappan M, Karishnarajah I. An improved artificial neural network based model
for prediction of late onset heart failure. Life Sci J 2012;9(4):3684-9.

18. Cheng X, Ma Y, Liu C, Zhang X, Guo Y. Research on heart sound identification technology. Sci China Inf Sci
2012;55:281-92.

19. Goldberger A, Amaral L, Glass L, Hausdorff J, Ivanov P, Mark R, et al. PhysioBank, PhysioToolkit, and Physionet:
Components of a New Research Resource for Complex Physiologic Signals. Circulation 2000;101(23):215-20.

20. Brown G, MIT-BIH Arrhythmia database, MIT Chickh M. Belgacem AN, Bereksi-Reguig F. Neural classifier to
classify ectopic beats, 2002. Acte des Xemes rencontre de la Societe Francophone de Classification, Toulouse,
2006;le:16-18.

21. Choi S, Jiang Z. Cardiac sound murmurs classification with autoregressive spectral analysis and multi-support
vector machine technique. Comput Biol Med 2010;40(1):8-20.

22. Joo S, Choi KJ, Huh SJ. Prediction of spontaneous ventricular tachyarrhythmia by an artificial neural network using
parameters gleaned from short-term heart rate variability. Expert Syst Appl 2012;39(3):3862-6.



