IS M6 HAZE pp. 144-152 (2007)

SHH ZEE J[EE 0|82t HSpFLSo)

| — ]
XS=R0 2hst o4
Automatic Classification of Continuous Heart Sound Signals Using
the Statistical Modeling Approach

A3z d8F
(Hee-Keun Kim*, Joo-Young Chung**)
ESE== = I B[+ ol (= am A S P =t
(BYRE: 20074 38 19¢, AL 20074 58 15Y, AM=HYXL 20074 5 29¢)

7122 HSERE A% ATEL ATAALL o188l F2 o|RolAct Iy dSNT S BAH FHE €Y
3 A3 HMMO| 93t Al adslo] At 2o vepth 2 dTdAde g e vehis 43isE
HMME o|-g3l0] 22 32 Q4lgso] deAse| ZajLe ol vety ol e 7S & ¢ U3, =3
A BN AgAsE 2 AR Bk Aol AR e ddASoltt teb HMME o83t HaE
FE AL 9453 A4 2R § Alo|89 £ 488 4% ool Utk UvtH e SFERE
B30 28 wAiAF) X7 489040 st gonz BetulAo] oA ofx ergodicd HMME ¥ 5}o]
A A A, 2 e HMME A4S ol8E ERAENN He & s BUS € 4
ek,

Balgol MM, 434, NEH, A5

Sngok 29 A3 He] 2o} (1.7)

Conventional research works on the classification of the heart sound signal have been done mainly with
the artificial neural networks. But the analysis results on the statistical characteristic of the heart sound
sienal have shown that the HMM is suitable for modeling the heart sound signal. In this paper, we model
the various heart sound signals representing different heart diseases with the HMM and find that the
classification rate is much affected by the clustering of the heart sound signal. Also. the heart scund
gienal acquired in real environments is a continuous signal without any specified starting and ending
points of time. Hence, for the classification based on the HMM, the continuous cyclic heart sound signal
needs to be manually segmented to obtain isolated cycles of the signal. As the manual segmentation will
incur the errors in the segmentation and will not be adequate for real time processing. we propose a
variant of the ergodic HMM which does not need segmentation procedures. Simulation results show that
the propesed method successfully classifies continuous heart sounds with high accuracy.

Key words: Hidden Markov Model, Heart sound elassification, Signal processing, Automatic diagnosis,

ASK subject classification: Acoustic Signal processing (1.7)
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Fig. 1. A left-right type HMM for a cycle of the heart sound signal.
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Fig. 3. The structure of the proposed modified ergodic
HMM for classifying continuous heart sound signals.
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Fig. 4. Classification procedure of a continuous heart sound
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Table 1. The various heart sound signals used in the present classification experiment.
set A set B
gl 5% e | mupass (W wzezs [T wgeze WM
normal sound 15 | AR_mur 16 | AS_msmur 25 | MR_hsmur_apex 14
innocent murmuy(IM) 14 | AR_ejection 16 | AS_msmur_apex 19 { MR_msmur +mdmur 14
Aortic Regurgitation(AR) 14 | AR_sysmur 15 | AS_prebeat 10 | MR_hsmur_absent 18
Aortic Stenosis(AS) 18 | AR+AS 20 | AS_subval 10 | MS_prasys 19
Coarctation of the Aorta{CA) 20 | CA apex 20 | AS_supval 18 | MS_+PH |b 12
Mitra! Regurgitation(MR} 21 1 TR+PH 42 | AS_cb 12 | MS_rapid 12
Mitral Stenosis(MS3) 14 | MVP_msc 15 | AS cbh+AR 15 [ AF MS 19
Mitral Valve Prolapse(MVP) 13 | MVP Ismur 26 | IM 2lis 14 | TR_hsmur 17
Tricuspid Regurgitation(TR) 20 | MVP_muiti 17 | IM_musical_dlis 14 | vSD 13
Ventricular Septal Defect(VSD) 10 | MVP_msclick 14 | MR_hsmur 13 | normal sound 15
TOTAL 159 504
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E 2. Lefi-right HMM= 0|28t i AR T AlOIZ0R (B8 27 A3 A
Table 2. The classification results on the isolated cycte of the continuous heart sound signal using the left-to-right HMM.

0-900(Hz) 0-210(Hz) 200-900(Hz} 200-300(Hz}
Accuracy(%) C?rg,gclv Accuracy(%) C?Fgfa?f Accuracy(%) C?-gf’acltx Accuracy(%) C%;eaﬁt’!
normal 100 15/1% 93.33 14/15 100 15/15 93.33 14/15
M 100 14/14 100 13/14 100 14/14 82,86 13/14
AR 100 14/14 100 14/14 100 14/14 100 14/14
AS 100 18/18 100 18/18 100 18/18 100 18/18
CA 95 19/20 95 18/20 a5 19/20 95 19/20
MR 100 21/21 100 21/21 100 2121 100 21/21
MS 100 14/14 100 14/14 100 14/14 100 14/14
MVP 100 13/13 92.31 12/13 100 13/13 §2.31 12/13
TR 100 20/20 100 20/20 100 20/20 100 20/20
VSD 100 10/10 100 10/10 100 10/10 100 10/10
Average 99.37 158/159 98.74 167/159 99,37 158/159 97.48 155/159
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Fig. 6. Examples of the heart sound signals related with the
MVP.
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Table 3. Classification results on continuous heart sound
signals using the left-to-right HMM.

LHZIANAMR FAAEME
Frequency

Range(Hz) |Accuracy| Correct | Accuracy | Correct

(%} /Total (%) /Total
0-900 75.47 | 960/1272 73.75 | 1769/2385
0-210 64.15 816/1272 61.26 | 1461/2385
200-900 | 73.11 8930/1272 7299 |1741/2385
200-300 | 49.05 | 624/1272 | 43.27 |1032/2385
0-420 64.77 | 824/1272 | 60.04 | 1432/2385
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Table 4. Classification results on continuous heart sound
signals using the ergodic HMM.

. SEZIolME SEEEAS
requency

Accuracy| Correct |Accuracy| Correct
Range(Hz) (%) /Total (%) [Total

0-900 99.37 [1264/12721 99.28 | 2368/2385
0-210 95,59 |1216/1272| 94.67 | 2258/2385
200-900 | 98.74 ]1256/1272| 9857 |2351/2385
200-300 | 93.23 |1186/1272| 92.87 |2215/2385
0-420 100 [1272/1272f 99.07 | 2363/2385
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