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A Study on Stethoscope Signal Analysis for Normal and Heart-diseased Children
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(Dong-Jun Kim)

Abstract - This study tries to analyze morphology and formant frequencies of linear prediction spectra of stethoscope sounds
for heart diseased children. For this object, heart diseased stethoscope sounds were collected in the pediatrics of an university
hospital. The collected signals were preprocessed and analyzed by the Burg algorithm, a kind of linear prediction analysis. The
linear prediction spectra and the formant frequencies of the spectra for the stethoscope sounds for the normal and the
diseased children are estimated and compared. The spectra showed outstanding differences in morphology and formant
frequencies between the normal and the diseased children. Normal children showed relatively low frequency of Fl(the first
formant) and small negative slope from F1. VSD children revealed stiff slope change around F1 to F3. Spectra of ASD children
is similar with the normal case, but have negative values of F3. F1-F2 difference of the functional murmur children were

relatively large.
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| JHH 204.2 602.7 1,669.8 2,569.5 3,404.6
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1 frame Y I+ A 1 frame Spectrum el hz
3 3 : \r
ER I I N
- " S -
0 i \—JFS\
2 frame SIS EPlizec 2 frame Spectrum R
NS
NN
: N
- w 1 [ e
- yo—
3 frame YT+ el 3 frame Spectrum elnz
i
' D G
- [
4 frame R G+E e 4 frame Spectrum e
o N
£ soon SN
5 frame YT} EF9l: sec 5 frame Spectrum Sl m
= Y\
2 HAE S —

3% 7 VSD EEKe] AHEHO] of @ #AX SGJ
Fig. 7 Example of the spectra for VSD patient : subject SGJ



Trans. KIEE. Vol. 66, No. 4, APR, 2017

1 frame Y I}tS e 1 frame Spectrum 9l Mz 1 frame YT} Etl: sec 1 frame Spectrum 9l Hz
oo NN o N
" LD - HEE)
£ 10000 . € 10000 5,,2 —T
2000 - ~—1 [ = o o
20 — 3000
2 frame Y T}& Efsec 2 frame Spectrum e 2 frame RIT+E Eflsee 2 frame Spectrum Er: e
= A o S\
s EH R = N
Ze £ | - I £e :
20000 10 ! " 200 o g \l\_Jl\“m
3 frame Y GtE EHl:sec 3 frame Spectrum 9l Hz 3 frame Y I}+& Eflsec 3 frame Spectrum Esten
- =N\ - N
3 oo 32N 2 1000 3> T\
o o ~——_ 20000 10 | I w000
— = P . —
4 frame # ot Eflse o 4 frame Spectrum f 4 frame STt Effiesec 4 frame Spectrum eelnz
. v \ - * 7N\
2 om0 £ s N 2 o s 2N
200 . ~ oo e T —
aawo ~—1 o » ~—1
5 frame ST} Effiesec o 5 frame Spectrum el vz 5 frame I I}+8 E9l:sec 5 frame Spectrum 9l H
s0000 “ N\ — -
S \[\ S \|
Lo SN - e - =,
;E :g \q iom :z ;: \L\\!r
TI% 8 ASD BRI AHEH] of @ 3|HA KSM O8 9 7Isddds ZeRe AHE-9] of : mAEAL JES
Fig. 8 Example of the spectra for ASD patient : subject KSM Fig. 9 Example of the spectra for functional murmur patient :
subject JES
71ed HEe Beate A F10] 2275H2 W g8 F
uleE Zen, F1-F2 740 l G131, F3, F4, Foe A& HIs F1-F29] 7o) T2 AYRC \il, F3E 09 g FHolAd &
guFale Bx9| ge /e & 71 Qrh FEQCt VSDO 4:019] Feol= F19 FH ZAP gotH, o
Foe EHLEE Fiuke B0l Z30] a1, F3s &9l g &
sm = L 578 2otk AsDY 40l0] FLol= B4 folot Hiz
) = A geid o2 Aoy, F1-F29] 7HEe vSDY HIssekA &
1, F3= 29 ke ZH=r) V1sd AR ZALol= FHilo
B ool HEH AZESE 2t BORRE Q8 BY e o e Ao TIEE GHEE s Bu0
AE Hissid, F1-F29] Aol EAETH= Hial, F39
o5 o]g5l0] AYEE Ushl= EX W 2= g g@rie - ~
o= =X o= =S X wTr 2 S/r=E o =W o L SEA0 EXES HEASE A
_ _ . _ - O] 09 3t FHOZ LiEie= FEFQ Edss &g 471
S71 laiM dgase 2t siolzee Z08 4S8 SFs gon
— AAAIA .
Qrt Aol thet E4g BAot7] floi AdolE Burg galg
&2 olgslo] AMEYS F35 FHsEOR 245,
Ae FukeE FEol0] §4g Hluohks AYE oilen, Ao
R ZEe tew 2ok anel 2
’4 Hddz AHEFo Yoldl "898 Fokes FL P2 o] &=Ee 2015-2016801% BFr|stust A AT
30l thaiAl Qs S JHKA Eoh F4 40t A< F1 Hoz o7gYs.
% e Fuled SFEEN, HuE st ZAE Al B,

03
0z
He
0z
(1=}
it
k>
(=]
o
0
A
ol
AT
1
2
it
o
e
-4

719



Ho|etsl=2x| 667 43 20174 4%

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

References

B. Jin, H. Bae, S. Song and Y. Kim, Clinical Physiology, pp.
1~135, Daehakseorim, 1999.

S. P. Herkole, J. T. Edward, “Spectral Composi- tion of
Heart Sounds Before and After Mechanical heart Valve
Implantation Using a Modified Forward-backward Prony’s
Method.” IEEE Trans. on Biomed. Eng. No. 7. pp. 734~742,
July 1996.

Heartsound, http://bmsp.chonbuk.ac.kr/%BD%C9%C0%BD.
htm, Sep. 2013.

N. Jung, Auscultation and Practice of Heartsound,
Cheongdam, pp. 33-35, 4. 2004.
http://medical.amc.seoul.kr/medservice/faq/list.do?
SK=SUBJECT&SW=%BD%C9%C0%E2%C0%BD&mainDeptCd
=&x=0&y=0, 2013.10.20.

S. Furui, Digital Speech Processing, Sysnthesis, and
Recognition, Marcel Dekker Inc., 1992.

D. Kim, “Formant Detection Technique for the Phono-
cardiogram Spectra Using the 1% and 2" Derivatives”,
Trans. of KIEE, pp. 1605-1610, Dec. 2015.

J. Ning, “Quantitative Analysis of Heart Sounds and
systolic Heart Murmurs Using Wavelet Transform and AR
Modeling”, IEEE EMBS, pp. 959-961, Sep. 2009.

P. S. Molcer, Examination of Formant Frequencies for
Further Classification of Heart Murmurs”, IEEE SISY, pp.
575-578, Sep. 2010.

[10] Z. Tuel, “Time-frequency Analysis of Heart Sounds in

Telemedicine Consulting System for Auscultation”, Intern.
Conf. on Information and Automation Shenyang, pp. 652-
657, June 2012.

720

4 = F (Dong-Jun Kim)
1988 Gtk ®71Zshl £¢, 19908 =
ek A713stat EQAAD, 1994 St
st A7)k Q&) o 50 &
Ar&stat s
Tel : 043-229-8460
E-mail : djkim@cju.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


