DOI: 10.48305/jims.2022.16314

V&= codiae )l Jol (saian/77\ .,50)L~i'b/|nl.e Juw ol.p'uol ‘,ﬁu“u)a RN VA KY al=xo
VAN ol & ,6 D ERANARR IO O T VEe AT 18l s g U

P955 — B sl how 3 s 5T £ jatiio 4 p1 5930 515 9393 LT o gy
G008 (5 5Ol Juo g 4 b

o

‘ 6).4.“3‘,4:&;1131.\4&" tJljst.I‘ﬂf 03093 0Ly g M AleyS wars M (suaas (sl
W ilo waaa M s craan pa 0

g 3 Ao

oS

— ol sailol (b)) (o sl g ylon plindg) Gt gycnl 5 sl Gl i 13 e g S ol el (Ko i Boe —oll Sl o tdone
» ol bwg Boye — s ollen Slogil (6,5bye g @ (onlidns ol 59, PCG (Phonocardiogram) Ul 5 <ds gew ;1 oslazul b Bgye
sl PCG S (oiy 32 sitse (ol o (680bye g d> (g sl ciimgdy ol 51 cBam adl o Jl)55 0 (ol el ) o3lidl )95 ol

Sl (BB oo b g @ g Gl o 0 &S

Gl possy =) (oaSd 3 el 65 & g B> (o Sy glpanl b PCG (g00,08 oy JUSm Vo5V 680y gl adlllae ol 5 1Ly,
o sl BT - (decision tree) (c,Seseas < Y (K-nearest neighbors)  Solues p5sp IS -Y (random forest)
Je s (Deep Neural Network) suee e (c4Sus =5 4 (lOgistic regression) Suwsd ;au,5, -0 (Linear discriminant analysis)
ool 2 5 23,5 Jlos! joSie (glaJae & cuns oI55 .85 )18 ol 3y9m (K = Vo) 18 Blite et lie] gy & gl 51 plS o g a8 il ciliseo

5 sl PCG jl oolital L pllos 33151 8 ookt 2l 5 638058 10 (g8 )8]) 0298 B b (Shag 5 Sl oo Gadls aw bl (2955

Camlus Jlo 05Vl 03,5 dlmo gl uily)ly 5 0aSilke joolio 5 1S5 )k 0 )sSie (Sl dw (salone b ysSio (slaao 9y 2 (s L

LY .\ai)lf ol clilon 5l Wil 3131 PCG 0 5les ) (oolpidy Buos omas (45wl Cuibgoe olyon & Li> sla Sho b ‘5);459}:
s B 1y gy Ol xS sl) go3sB (6 5) 4 b ol i ) lojen (sodlil b il oo (53laiiy oS

5955~ s o {pareis (6 SbyE slodeliy fBres (S 395s 5 BB pasiis SuSS i gulS i1y

LT Was gy es (ailo qeiye o omew ol (gpudgy oly BT VT g5 codee o)lgs byg e SleyS colusl (gdeme gl

Ol (S 03l done Guas (5L Jao (6558 4 b (Bgye -l lag)low I (U SR Heliie 4 0l )T 923, 9390
VoA-INF (E5Y) Fe VF

S5y pale o8l (K5 pole 1 g Slasrgld GoaKiils (gpmiily Dlads saxaS (K ilgn) (Kibjy o dige 09,5 (Kjy (o dige S1LET> Symisls -
Ol pl Olgaol (Olgaal

Oleaol (K35 pole olisls ((Lijy pole 53 o Slas gl Goafials ((Kijy JiSew 5 a9 G515 Dl 5 0 (K lgn) (Kjy digen 09,5 oliel =¥
Ol pl Olgaol

Ol laeol lgiol (K5 pole oiils (K3 pole 1> 55 Slacs 9l SoaKLil> ( gpgomiils ligion (satieS” K Slgs) K3y o ligo 09,8 byl ol 6V
Ol 05 0L (Ko psle olsls (Ko pole o3 g Slacsrgld oaKails ggmiils Do sazes” (S0,lse) (Kisy (purian 09,5 157> sgmiils -F
K5y pale olRisls (K5 psle )3 g Slacsgld soaKiils (apmiily Dladis (sanas (S yilgn) (Kijy it 09,5 (Kiijy (oodige SLST> spmiils -0
Ol pl Olgaol (Olgasl

Olnl Olgiol Olgtiol (K3 pole oiils ( K5y pole 15 (g Slasglid oaKiils (K1) (Kijy uwdige 09,8 (Kb jy gdige 1,527

0lpal Olghol Olghuol (K3 pale ool (K 5y G0t b Ganass Bgb 1 09,5 colial Y

(SB psle 3 (ng Lo lid seuSiils ( Kby JiSew 5 el Gl Sliaio S e (S pSlgn) (S (oiites 09,5 bl i SloS s iJggune G0k g
Olnlledal (ledel (o5 pgle olasls

Email: kermani@med.mui.ac.ir

1.4 Vo) Cligunl Jsl gatn /99 (oo / Fr Jlo— Olghuol (i 3 0uSCiils ales

http://jims.mui.ac.ir


https://dx.doi.org/10.48305/jims.2022.16314
https://orcid.org/0000-0002-0132-4475
https://orcid.org/0000-0003-3339-9532
http://orcid.org/0000-0002-5446-0796
http://orcid.org/0000-0001-8834-7874
http://orcid.org/0000-0001-5521-5410
http://orcid.org/0000-0002-3671-8220

Oy8aa g (s3ans Glewal

L sl gl S
DLSs g ghuarb gl Ldr Jde galyl candllae -l 51
e T I e e e e s e U e
S5 ol 5550 (0) A el 3 oS s S5 Jlesl b
(Random forest) cou b o 55 duaiks ¢ 55 (id 4 Ll S
(K-nearest neighbors algorithm) SL.as oy, 58055 LS RF
8131 5 JUT DT (Decision tree) s S me—as <t ;3 KNN
03— S, LDA (Linear discriminant analysis) L=
Ges e 48— 5 LR (Logistic regression) .
g il slaJi DNN (Deep Neural Network)
Sl sedl Sl w8 gl L Ss e gu il

& S 13 5,0 5,5 10 fold cross validation

b9,

DAl o r—as O S01s) i iy 0L Ssls gas sezes 3
() Sl s 53 A5 5l YYY e (PhysioNet / CinC 2016
5 Shvankd 5y 0 BAs e Jols Ol g5y B3 i
S go pe @ Ll A eslinad pler g4 0 sl o T
die s 5l alllan ol s il e gdo to sl b
Dbl LAY A eslinal Gl iy Cger (HMM) G s )L Ol
Gl ool sl asly OLES Y I 53 (oslgiy &)}f\” Sk
MYV G 55 e S glaartls S a bl s
sdd S i pciS /W es S 55 s Sl 085
Jlis cdS U GadbSw (555 2 slutih opdizes plo 4Lt
b o (s YE0Y 3 g 50 (g0l5 0 gas LK YYF 510
ol Ols 5ok 513 ealinad 550 U3l 5o 5 Moyt CuiS
il gl anb b e gDl I OYY (LK YP Y

Ay b S (Sas 0T 4k 5 (olew

B0t~ 2B slagslan s SIbse g PCG il was (3,

Ao

23 e 3 S e ol e 5 (S Bse - 8 slagslen 055 50!
Glaglen pLSas 55 o 25 55000 5100) Sl Sl ol e
S35t Sy Cpmal 3l 55,5 = lB s 5 5 S
S L;uuziujw;@ﬂ}ob)u\ S ol e
o il il 350 = B Sassler F i s S G p
53 o5ms am (1) Al e s 3T a5 5 e ool
Gl 22 53 (BS s 8 ST a s e als S ()50
D5 pamls e s 4 6558 S 5 e Ol (esldl 50
PCG (Phonocardiogram) 3l esla ol L 555 0 edalive 2
Bl Uy oozl 5 welylS 55b w0 Ol 5 e |y (glaze s WDt
(Y ) sls Lasis Ol

ol b 5 I 3313 ST 3l oalizd b 35 o
S ol e 2 B an s (Il (slaen s S
5 S5 gl Al Cer PCG U (23l gl ilon (gla s,
el 0l eslinl LB ol Cmd g o (gl Je il

gl sl o Sy Sy 45 ) Dlis )
Sl e Sl R 5o (F) Uy, Seslis Wl s S5
S gl s, MFCC (Mel frequency cepstral coefficient)
(Principal component analysis) ol gadlse |l 54z 3l 5
S (F) ol o oslizad La S35 e slal 2alS (ol s PCA
A S ol ol A3 ldlas a3 s sl )
ol 03 e gl LB L L OBls D5 DL s
53 45 PhysioNet / CinC 2016 2l o5 os OLS5l 5l aalllas
ol osli il o)l Cgr i S 518 eslinal 540 d Olalllas
LPCG ladt&w 5l ks gl ol bals (gae yamn pl
G il gladuie Cotlu 3 pmm g b (Y) el Cilie oS5
sla Al 5 S gkl oo Olomen B (gl gaib
2 ke sla S5 ©) (A5 gaalles s3 ol w0l 53 g
Gla S 5o S 558 olisl s, 50 PCG & iaid

@3l s 1 S Ssl ) S

Vo) Cigu )l Jgl ain /99 Goplad / B Jlo— Olghual (S 5 04Kl ales L

http://jims.mui.ac.ir



Oy8aa g (s3ans Glewal

Sooe — ol slagslan s Slbse cga PCG bl was (s,

aa)las "j_‘).: s oalaiw! 6\.&52‘5 C.,.u,g.ﬂ A J}A’

(V1-A) Yo plo 53 @by 517 4 &5 o G T 39

o P
Sl Cardiac cycle length MFCC
C S1 length Maximum frequency
o~bols S2 length
Z Maximum amplitude
o power
SRS Shannon energy
RMS
ZCR

Solgdy S 39

) A b (g ST 29
HR Jitter

HRV Jitt
shimmer

Shim

Fundamental frequency (FO0)

JE IV P § W R B T B T PR G
el sl SIS sl s duaids
sl
5©) A3 sanllan s o s sla S5 2 candlas ool 5o
# galws 4 PCG (s SIL 2 55l an mls s Sy 2l
Ko=) bl aewlosl 5loslinal b qgtuaib = as 5 S5,
sl 3 gy s Sl 8 S 3 sl 550 kefold
baddes 4o s OS5 K fold oy, 5l a0 2 5 Ladoaids
Sl L O samglio 5 idde m s 5 s b 5 A5 Jlas
5 BAE Al S 5 Sy cCanlas 2l an OB
Y s 3 s b 2t a6l bl 5 o Kle slie
53 O8I L adas Gl s F Jodr 4 ar s L os S el
RF b 508 4 0 5L 51 5 a0 Ol e i3l sl o
s 4l 4 s, o6 L, KNN S LR DNN LDA DT
2 ol Sl 1,5 S8 a3l SO Ol o tnaide
O JCEV S [ W P 30 [ U W PV P N I G

2l (6 Ry Caeal

<= PCG 3l _S5,Y0 (S gl Al gl e s
S e S S da S onl 5l s Ao gl szl
At sla S5s 5101 e 5 ol (N1-9) 3 slayls L
A Sl () At eslinal (ol s 5 Oy g Olosalgniey
3o N HRV) B 0o (6 i i 5 HR) 5 0L,
23 s 93 55 La S5y ol G gb U ealin il (A) el
ol o L1 Y Jgu
5 iy Sladies (sl sl 4 5 (sduaib sal> e s
s eld VL JUSK VFY L e il s s s 2 o5
Sl s Bl ey S YT o 5l balal Oy 50
Do 5 e L WIS o 3150 S ()b 4 i3
OF AV RF saib s Glolesl aib a3 bl sl 5 15
OA V) LDA 1waib (08 00) KNN Jueids (VF) DT seilo
(18) Gos e 83 5 VD LR Sind 050 55 il
s GaSs Slasiie ¥ o 5o Lud gsleesly sk
it s 5 s b a5 el Sl el el ) Gres
k-fold (K= V+) Jolise ewjlael (h) 5l Sie aib

A 5SS L0 alie 5 bl o ulh opl A eslizad

Geed oS (54505 Olasia Y Jgd

Y golil Sluxs

Sk &b 09195 Sl 1
(Activation function)

. —

. —

of: relu
VYA relu
\id relu
e softmax
V¥

Yo 83959 \
- Flatten Al
A Dense ¥
A Dense ¥
= Dropout o
¥ Dense 4
v ST v

S sla palyl S slas

(Metric) L. , categorical_crossentropy (Loss function) oL ; ] adam ©Optimizer) jluaug 3l i ool (23501 &1

(€POCH = Ve v ol ol sualive 4 Jame 5 5L Ve L5 55 0m gonls (25 gnl LU a3 ol 0l e3liul Coms

M Vo) Cligunl Jsl gatn /99 (oo / Fr Jlo— Olghuol (i 3 0uSCiils ales

http://jims.mui.ac.ir



Oy8aa g (s3ans Glewal

Sooe — ol slagslan s Slbse cga PCG bl was (s,

10-fold cross validation 5 0 plxil (sl & o Kbe ¥ Jgor

08031 Cud QSIS b oo (8 555 4 s

08031 higel OIS 3 ooliiul b Jo (>9 5

10-fold
y/¥ N4 a%/¥ /A M/d
A/ YAA v Voo
AYIY AY/N AY/O Voo
AY/ AO/Y va/f AY/O MO
q+/f AO/F 0/¥ a7/\ INdAd
AY/A \id AY/Y AY/Y INdid

10-fold

Sl Luaab )
44/¥ Gt o S \
Voo s o5k \
AKK ‘5,;(,_...‘45 s Y
AB/O Slas o 56558 f
ay/y b Gl T )
AF/A Sad 0 g 5 5

oI Sl e SESS S Ulpe w s Kledds s b
il o oslizd 15 5 (g5l 5 SIL 2

ol iylS b Sl Gres ez JETE R g W P =
sl iy gawlis Lol medle .ol 20 ¥ Jode o
Gt o 3 e s 5l eslinad s 4 LDA dail (guaile
AL 8 andllas cpl 51 ot ayls e 3 Shas o S35 ol
3 sns sl s g Wl 31351 CVD (3l 4 Slae Ol
e opl 5o ke 5 Sss 4w ol en 4 DNN ozt s Sl
e A S 2 xSl eSS 5,55 « LRF DT LDA
25 sl ealiad VL S8 (onli 4 Oy sl il

S5 dom
B Oblen S8 g Y Gls 0dd B me gla S
WV SVPING SN TN IO PN
ol B35 ol 35 Sl el s 4 G e oS
Som Sldllae s S sl ST 5y aib dim 510k e

A o e 40 51 a8 Jlne Bl 510 ol o

b el S O L S S B v S L
LDA Jpaib 548/F oalam b dde 0 g Goos (e 545020
B Chlen 6 2 gl ol sladie 555 o 5 Sl AO/F L
N r by ml ¥ doer 5o ail I o planad 5y e
2y g 0Ll 03l 48 geme (ped (S35 1 A LS
e
e 3 b O3l st 31 S PCG Sl aaliau
Sl 5l i 53 ol 3l eslizal ool I8 lagglow Lascis
Sl am bl lallw i L aST o Al e a3l Sl
Sl O il L SSS iy © b S /b
o=l oo oS Il oS Sl e by b 4 G Olles
PCG UL i (sl 1y s (B, b A 3305 s
A S ssbil ol Sl ol il oS s or 3l oreie
LA 4 S Grod (2 851 ol pon 4 s3let (S
Lo Sl eaysl s 4l 53 1y s B 5 g g 50
(0) sslging Gla S5y aS o8 S ams Ol ¥ 5T Jskx

() Sz Gl (sbaesls 5 aslinal b e S5 51 ool Cows 0 s S g . g

il 33 TS o 6|

| Potes AdaBoost & CNN af/Y¢ VV/AN INZ0
¥ Zabihi Ensemble of SVMs A#/A) AF/A AD/A
v Kay & Agrawal Regularized Neural Network AV/¥Y AY/AY AR
¥ Bobillo MFCCs, Wavelets, Tensors & KNN APIYS AY/#4 A¥/DF
o Homsi Random Forest + LogitBoost A/FA A AF/FA
4 Maknickass - ASY AV/5% AF/AO
v Plesinger Probability-disturbtion based \idhte 4/v0 INZAN
A Rubin Convolutional NN with MFCCs VY/INA 40/Y) AY/44
VB Syl Ul (sain /99Y (go les / Fr Jlo— Olghonl Ko 5 0u0SCkils e Y

http://jims.mui.ac.ir



Oy8aa g (s3ans Glewal

S OBt 5l Olghol (S35 0 5le Ry (g5l 5 sk

)chj_lédA_zbﬁ W‘L_TQ_.@?‘Q_S)LMO_J

.,\Msvda &_”:).,G

References

1.

Balakumar P, Maung-U K, Jagadeesh G. Prevalence
and prevention of cardiovascular disease and diabetes
mellitus. Pharmacol Res 2016; 113(Pt A): 600-9.

Liu C, Springer D, Li Q, Moody B, Juan RA, Chorro
FJ, et al. An open access database for the evaluation
of heart sound algorithms. Physiol Meas 2016;
37(12): 2181-213.

Ghosh SK, Ponnalagu RN, Tripathy RK, Acharya
UR. Automated detection of heart valve diseases
using chirplet transform and multiclass composite
classifier with PCG signals. Comput Biol Med 2020;
118: 103632.

El Badlaoui O, Benba A, Hammouch A. Novel PCG
analysis method for discriminating between abnormal
and normal heart sounds. IRBM 2020; 41(4):
223-8.

Nourian-Zavareh M, Kermani S, Hashemi-Jazi M,
Samieinasab M. Estimation and evaluation of new
features from phonocardiogram for detecting
cardiovascular abnormalities. J Isfahan Med Sch
2019; 36(506): 1444-9. [In Persian].

Springer DB, Tarassenko L, Clifford GD. Logistic
regression-HSMM-based heart sound segmentation.
IEEE Trans Biomed Eng 2016; 63(4): 822-32.
Pérez-Guzméan RE, Garcia-BermUdez R, Rojas-Ruiz
F, Céspedes-Pérez A, Ojeda-Riquenes Y. Evaluation
of algorithms for automatic classification of heart
sound signals. Proceeding of the International
Conference on Bioinformatics and Biomedical
Engineering. 01 April 2017; Basel, Switzerland:
Springer Nature. p. 536-45.

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.

Randhawa SK, Singh M. Classification of heart

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sooe — ol slagslan s Slbse cga PCG bl was (s,

‘g’b)u\sj o)
AS glls 5 TAANY o oled Sl b 5l a8 dJlas

Csles o gze IRRMUILRESEARCH.REC.1398.730 M=

sound signals using multi-modal features. Procedia
Comput Sci 2015; 58: 165-71.

Singh M, Cheema A. Heart sounds classification
using feature extraction of phonocardiography signal.
Int J Comput Appl 2013; 77(4): 13-7.

Clifford GD, Liu C, Moody B, Millet J, Schmidt S, Li
Q, et al. Recent advances in heart sound analysis.
Physiol Meas 2017; 38(8): E10-25.

Svetnik V, Liaw A, Tong C, Christopher Culberson J,
Sheridan RP, Feuston BP. Random forest: A
classification and regression tool for compound
classification and QSAR modeling. J Chem Inf
Comput Sci 2003; 43(6): 1947-58.

Ho TK. The random subspace method for
constructing decision forests. IEEE Trans Pattern
Anal Mach Intell 1998; 20(8): 832-44.

Safavian SR, Landgrebe D. A survey of decision tree
classifier methodology. IEEE Trans Syst Man Cybern
1991; 21(3): 660-74.

Laaksonen J, Oja E. Classification with learning k-
nearest neighbors. Proceedings of the International
Conference on Neural Networks (ICNN’96); 06 Aug
2002. Washington, DC: IEEE. p. 1480-3.

Altman NS. An introduction to kernel and nearest-
neighbor nonparametric regression. Am Stat 1992;
46(3): 175-85.

Tharwat A. Linear vs. quadratic discriminant analysis
classifier: a tutorial. Int J Appl Pattern Recognit
2016; 3(2): 145-80.

Ford 1, McLachlan GJ. Discriminant analysis and
statistical pattern recognition. J R Stat Soc Ser A
(Statistics Soc) 1993; 156(2): 327-8.

Dreiseitl S, Ohno-Machado L. Logistic regression
and artificial neural network classification models: a
methodology review. J Biomed Inform 2002; 35(5-6):
352-9.

Ny Vo) Cligunl Jsl gatn /99 (oo / Fr Jlo— Olghuol (i 3 0uSCiils ales

http://jims.mui.ac.ir



DOI: 10.48305/jims.2022.16314

Journal of Isfahan Medical School Vol. 40, No. 661, 1t Week, May 2022
Received: 21.12.2021 Accepted: 20.02.2022 Published: 27.04.2022

A New Approach of Phonocardiogram Analysis for Screening Some of
Cardio-vascular Diseases Based on Deep Learning

Ehsan Mohammadi'®?, Saeed Kermani®'”, Mahdi Nourian-Zavareh3™, Alale Zare*'?,
Hamed Aghapanah-Roudsari®"”, Maryam Samieinasab®.”, Hamid Sanei’

Original Article
Abstract

Background: Cardiovascular diseases are one of the leading causes of death worldwide. Therefore, early
diagnosis of heart disease, evaluation of cardiovascular system using cardiac hearing and Phonocardiogram
(PCG) analysis which is a low cost, non-invasive, rapid method, and automatic screening of cardiovascular
patients in remote areas is crucial. The aim of this study is to present a new method for screening heart patients
based on signal processing (PCG) that is cheap and fast and has sufficient accuracy.

Methods: In this study, for screening 2062 labeled PCG signals, by extracting new features and applying them
in 1- Random forest network 2- K-nearest neighbors 3- Decision tree 4- Linear discriminant analysis 5- Logistic
regression and 6- Deep neural network, six different models were constructed and each of them was evaluated by
k fold cross-validation method (K = 10). The test data were applied to the mentioned models and based on the
outputs of these models, three indicators of accuracy, sensitivity and specificity were calculated. We showed and
developed a new solution in differentiating and screening some heart patients from healthy individuals using
PCG analysis.

Findings: Evaluation on the mentioned models was calculated by the three indicators, repeated 5 times and their
mean and variance values were calculated. The highest sensitivity value is related to deep neural network (DNN)
with sensitivity of 96.4 £+ 0.14 and accuracy of 93.4 + 0.11.

Conclusion: The new differential features along with the success of the proposed deep neural network in
differentiating and screening between PCGs of healthy individuals and heart patients, shows the efficiency of the
proposed algorithm. This method can be further improved with simultaneous multimodal classifier and the
application of the voting rule.
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diseases
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