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ABSTRACT

To diagnose the cardiac valve abnormalities using analysis of phonocardiogram, first of al, accurate detection of S1,
S2 components is needed for heart sound segmentation. In this paper, a new method that uses the third moment
characterigtics of an envelope of the PCG is proposed for accurate detection of S1 and S2 components of the heart
sound with cardiac murmurs. The envelope of the PCG is obtained from the short-time energy profile, and its third
moment profile with slope information is used for accurate time gating of the S1, S2 components. Experimental results
have shown that the proposed method is superior to the conventional second moment method for detection of S1 and
S2 regions from the heart sound signals with cardiac murmurs.
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Fig. 1 An example of a heart sound signal having cardiac
murmur (aortic regurgitation)

o
wor

-
T oX

51

-

1o

_E

|

Al

21, ZHIE ZH

715k8He BRlEE A5 g

» fr
iC)
o,
5
S
-
)
2
o)

i
0%
ofs
ok
=)
>
Jabad
alle
1o
N
oX,
e
filo

=

37 wHlE Aele] B4L B4

il
il

]
S|

_\Q.FI]I
A

A 278l A 22} 9

ol ol gsto] A

A A

=
ZahaL, upu

sz [ op@a= 3o sed, e @

912 B giste] HaAE 4

Urekd 4 glek.

10 = [ (= pule—0)f (e

— o0

3002

@



A71A f(t) = Azela w(t) & Yukd oz (=1,1)
Tl A A E = (rectangular window
function) & AHg-ske pi mE e

p=20]H 22} BHIE, &, 4159 —L‘:':&(varlance)O] 5
=g

(t
T A

L p=30]1 3%} wHlE, =, H #(skewness) g2
A =k w, (1) =17 (n) 2 BASE 4] (1)L A
(@2} 2ol A5 f(1) 9} w,(—1)2ke] ABZA Fej=
wAH 4714 w,(— )%( 1+1) 9& 717)%= FIR
WER 2 5 9tk = 7|8k mHEL A5
w,(— Dol A o 8 2 gk
M0 = [ w, =0 f()dr %)

— o0

= f(t)*w,(—1)

A5 7} 7120wt AL 2 qlele) kol
gt mulE = 7] 20] Hul, M, (t) o] 7] ¢ AlE
o 7|et A "t &, f(t) 2 3715 T2 s 4]
(3)7 &tk

M,(t) = M, (t+1T) ©)

17 200 Ao EHAOlA FAE 1 degt
stol I Fejo) Alseta 7pgstar, £7] 791 A%
ok 22} 9l 37 WHIE 754 9l WHIE §h40] S4E
LERA TR 19 2(g)oll A K 23 mHlES] o)/
& g ABTE Qe S57elA] BAEE As =
F o, o] BAE& ol gt Auvt sk 3t
,Q A

B3 9lek 1 2b)elA e 3% e B
Fejol AE7k U FRNA L TR ZTFekEA ALS
o 2717t B4% 712717} A, AE7E Qi T
A T AsHe 54 B8l B 4 Stk ol 3
A BRIES] i T4 e e ko
o5 A e A152] ol PG o 4 ek ol
3 B4 3% mHlEe] 7197] §S B 49
o] 7Kgtk 3% BAHES] 7187 (~1
4] ()2} o] Fofch. [%5 Hx]

r
i)
o |

dM;(t)
dt

= F(t)*[— 32w (t) +21%5(t)] (4)

amplitude

I 2.

RS-
(1=1T/2) (b) 3t BHE(=T)

Fig. 2 Moment contour of a pulse shape periodic signal (a)
second moment (I = 77/2) (b) third moment (I = 7)

FIMSO| THE YN (a) 2x ZHE

Az ()7} EAshs B2 bl A A (4) -9
TEL o EA Fol 2 g THHER V&7
o] = 7HAIAl HaL, Satelld e e SEe ¢
o] AR Fo| dFe= 7177 59 @ 7HAA |
o weba] 7129 S48 2= 1% 2hilel 3 =
HEA o]2gt £4& o83k 4
O A HAZHE Bz Al 7hs ATk

E BE|g olgato] 4e TS 27] A
WA ASTLAL FEstolof shet], =Bl

= [3lelMet mR7 kAR A (52 Fol A e I
) F7Fol A biasE A 73 Az o] L7k oY

3003



z
=
-
Z_
0.0
‘21% HVJ*J )E}‘on‘oﬂ l’ﬂﬁH é!% e, 25
9
A
A

m

A= A 1834l
317) SIS A Lol
of Bhi=r Ab:q 7] T ebito] A7)
oj-gsto] A 7= 4= Slek I @)= 1= 7/2% o
AAF AS ZEgAo 2z HHE AL, 13 3(b)i
=74 EH A} Ao ia}—x—]/] 32 HHE :,1_]];(4 o
o] Zolttk 18 3(c) X 3(d)= A} AL I:H‘G]— iz
ehlo] 24 HulES 3% HHES Bel Aolct 1
SEIA9} o] A Aol Aol (A4 A
2 e A/ e ol 3] el #9e
o EYE FUE WA e g 2 2o A

o] golslAIR, 19 3()el M A A%
AT AL UE gkl yge
e oA L7 A
11‘4— SlAqE 32} LHEE 0|83}
o] A];S-_Q_o] 01513]_

ON

Hr

1}

5]
jus)
rﬂ

I
o

AT
%0 filo
e
[‘ll‘
Ho >i

o

o r

ox
o L
do
tlo ; ‘,
i rE
al i

4
%
¥

X HT R e 4N do ox
w
T
e
w
&
=2
o
2 o
4 X
30

() &= 00359 o2 4 (5), O B2t oA
o Eee T8k, A HBISE olgste]
2ile] £7] 75 Ak

@) 2R UOI 1~ T2 WAL A @1 ol 5k
48 Ee e 34 2ng FU

(3) 3z} = AAL n|Esle] 7187 ARE o] &3}
e A s A

05

amplitude

“‘

===+ CMW_second

06 08 1 12 14 16 18 2 22 24 26
sarmples 5

(a)

Heart sound segmentation using statistic moment: <normalHeart wav>

amplitude

heart sound
—n CV_var
===+ CMW_third

i
14 16 18 2 22 24 26 28 3 32 34
time(samples)

(b)

Heart sound ssgmentation using second moment areart wav
T T T T

x10*

amplitude

samples ‘

(c)

Heart sound segmentation using tird moment. arHeart way
T T T

o8-
05|
04
02f

mplitide

a

04b

N,
06
08

3% 3. M39 2X & 3% BHE HH (a) FY o2 24t
ZHE (b) Yo o329 3%t ZHE () HIFY HS 2kt 2H
E (d) HIEY oS 3t 2HE
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