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Heart Sound—Based Cardiac Disorder Classifiers Using an
SVM to Combine HMM and Murmur Scores
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In this paper, we propose a new cardiac disorder classification method using an support vector machine (SVM) to
combine hidden Markov model (HMM) and murmur existence information, Using cepstral features and the HMM Viterbi
algorithm, we segment input heart sound signals into HMM states for each cardiac disorder model and compute
log—likelihood (score) for every state in the model, To exploit the temporal position characteristics of murmur signals,
we divide the input signals into two subbands and compute murmur probability of every subband of each frame,
and obtain the murmur score for each state by using the state segmentation information obtained from the Viterbi
algorithm, With an input vector containing the HMM state scores and the murmur scores for all cardiac disorder
models, SVM finally decides the cardiac disorder category, In cardiac disorder classification experimental results,
the proposed method shows the relatively improvement rate of 20,4 % compared to the HMM—based classifier with
the conventional cepstral features,
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Fig. 2. Structure of 6-state left-to-right HMM.
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Fig. 3. Characteristic of heart sound signals.
(a) Time domain: S1 (500-600 samples), S2 (1,100~
1,200 samples), murmur (1,200-1,900 samples)
(b) Spectral domain: S1/S2 (20-200 Hz), murmur
(200-700 Hz)

HMM A5 Lypplij) = oFeF 2t

Ly, (g Elogpzls, 54,), i=1--9,j=1---6

@

s o) AR ERolH MM BR 2E 9
S e 23 Aol T A rollAl2] A Qe

1=]
(index)o] T}, i% /&1%7‘4@4 AIYLE FAJSIL j=

o 9% i A A 58 e 5
of A& FUA, MRS SBUE, A AFY WES
Ao, YT A SRS Aoz
2 AT M2 RS 9N SRS NG 5 g9
o w2 =Rolas Hee) Sidet £A4E EF
517] $15to] AARS: SRS ARSHL 2} Al k2
RS 917 B Wt Slste] Aeele] Ae
A2 At

HIAAP QL AN B 557 B AR



152 gF=38RIEIR] M30A HM3= (2011)

545 oty I8 3 (a)9F o] of 500~650 M=
Atolof ExH= Alle-t oF 1,100~1,200 & Aol
EA8h= A5 19 3 (h)2F 2ol 20~200 Hzoll 4
o] FaskaL, 119 3 (a)9f 2ol oF 1,200~1,900 A&
Afolof EAfsk= AR AlSe 1 3 (b)2}F ol 200~
700 Hzol] /g0l &gt [16], AS4laet AR
7R SE (gamma distribution) eSS 7}AIC}

2 R Bl AT FR0) FRT 4139 914
Bel) 91610 2 TN AL T2 A
to}, gt 7] A AT = Y AlS Al220] A/

& i RS L RS T e Rrjelom

=]
(unsupervised clustering) W [14] o|-&3it) Z+ =
gl oA 2] A ARFERE plw,lr) -2 TRt o]
A,

*:1;/9“,’
p(zlw,) =g 7 < , 1=1,2 3)
6 (k, —1)!
p(zlw,)
L S M 4
plagle) plalw,) +p(zlw,) @
b Rghe FHAIE ol §5ee] W (shape) et

HJEo]il 0= H& (scale) Zrefu|g o)t} p(alw,) = i ¥

o
=] 5]

Amplitude

o
n

-1
0 200 400 600 600 1000 1200 1400 1600

Sample (n)

(a)

o
n

o

Amplitude

=
n

ron v
. L

; L ! L L L L L L
0 200 400 600 800 1000 1200 1400 1600

Sample (n)

(b)

w
[=]
T

[N
[=]
T

Probability

F
!
i
|
!

0.1 02 03 04 05 06 07 08 09 1

30H i
|l
52 ]
E ) _
UU . _U.l1 0.2 D.I3 Ell4 El.l5 U.IE U.’? D.IS D.IB 1
(d)
1 T T /“ P i e
o / /
; | h' f i, 11
0s¢ | l'l N‘\‘ " \I‘JVI | 1
ARY | R
. 200 400 600 800 1000 1200 1400 1600 1800

Sample (n)

(e)

05F

L alL Je

4

Fig. 4.

1000 1200 1400 1600 1800
Sample (n)

(f)
MEZ EE AL O (o) £CiS ZE 12 E MS
(b) HCHed 2 29| &3 AMS (c) o 1 &3 MS9|
20} EEE (d) £0Y 2 £ M| Zin| SERE
(e) CHH 12| HOZL (M0l AMZI MRS 2HE (FM)
(f) 2o 22| Hoiz! (Mol AT MRS EE (BM)
An example of murmur probability computation.
(a) output signal of sub-band filter 1 (b) output
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Table 1. Heart disorder categories and the number of heart

sound data.
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Table 2. Classification accuracy with different window/shift

sizes.
Window size (N) (ms) | Shift size (M) (ms) | Accuracy (%)
25 10 78.2
75 25 81.9
150 50 80.1
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Table 3. Classification accuracy with varying MFCC orders.
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Table 4. Classification accuracy with varying number of

states.
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Table 5. Classification accuracy with varying number of
Gaussian distributions for each state.
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£ 52 2 pele] AR Ak $z0] Aol T2 9714
AR B8 S HolET A% HIMS] 7194
R RE| s Hisjo] W A%S AN A3, & 59}
o] 748 AHSHE Aol H 943 A5 Lheho.
# 819 %] %%‘xgg g e,

oy

RS R
=2
)
o o
jn:
i
o

_L JK%
E
o)
9
_\L
z
o
(R
o o
m{m *
N



I 6. MBMZ F7| V0 WE 25 HEE
Table 6. Classification accuracy with varying number of
periods of heart sound signals.

SWMS 0[85101 HMMt MES F

S =Alked Accuracy (%)
st 37| MRS 81.9
o MSMS 82.5

E 7. ClUs 22|52 018 27 FEx

Table 7. Classification accuracy with various algorithms.
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Table 8. Confusion matrix of cardiac disorder classification
with proposed algorithm.
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i) VSD 00000000154/ 007700769
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Table 9. Detection accuracy of cardiac disorder with proposed

algorithm.
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