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ABSTRACT

Acquiring the heart sound signal without noise is the premise and
foundation to realize noninvasive diagnosis of congenital heart disease.
But the heart sound signal belongs to the weak biological signals of the
human body on the strong noise background. Acquiring the signal is
susceptible to noise interference, so how to eliminate the inside noise of
heart soundsisthe key to distinguish the children’s normal and abnormal
heart sounds. The heart sound signals acquisition system based on DSP
isproposed inthis paper, using db6 wavel et filter to smoothing the collected
21 cases of children’s heart sound signals, which achieved the very good
de-noising effect. Estimating these signal swith bi-spectrum can accurately
identify 3 cases of congenital heart disease in which the heart sound
signals. Experiments show that this method can better identify the normal
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INTRODUCTION

Asaresult of better standards of lifein modern
society, theincreasein morbidity and mortality of car-
diovascular disease has been getting higher and higher;
heart disease hasbecomeahazard to human heath and
thefreguently-occurring diseases. Heart sound isthe
heart and cardiovascular system to reflect the state of
mechanica movement and health, which containsthe
heart and between thevariouspartsof theroleof physi-
ologica and pathologica information[1]. Heart sound
murmursand distortion occursisardiableearly diag-
nosisof congenital heart diseaseinformation, diagnose

of heart soundsisbased on moderndigital signa pro-
cessing technology, research and reveals the heart
soundsand the rel ationshi p between heart disease, in-
cluding non-invasivediagnosisof heart sounds, rapid,
convenient, economic and other characteristics.

HEART SOUND SIGNAL AND
DIAGNOSISMETHODSOF CONGENITAL
HEART DISEASE

Heart sound signasisanimportant physiological
signa of human, which containsalargeamount of in-
formation concerning the pathologica status of every
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part of the heart and theinteraction among them. The
andysisand processing of theheart sound signasplays
asignificant rolein diagnosing the cardiovascular dis-
eases, becauseitsaccuracy and reliability directly influ-
encestheclinical diagnosisof patientsand theevalua-
tion of curative effect[2]. Thetraditional heart sound
recognition depends on the auscultation, while, the ac-
curacy of such processwas obvioudy undermined by
the subjectivity and theingtability. Therefore, thenon-
invasive diagnostic techniquesof coronary heart dis-
ease based on themodern information technology are
becoming oneof thecritical tasksfaced by themedical
professon.

Thecompositionsof heart sound signals

Asother creaturesin nature, the organs of human
performther physica activitiesin accordancewith cer-
tainrules. Thevibration caused by such physical activi-
tieswill producethe sound signd's, which contain the
physiologica and pathologicd characterigtics. Theheart
sound signal istheweak signa, whichisformedinthe
cardiac cycle and produced by the vibration of the
myocardia contraction and relaxation, theopeningand
closing of thevalve, and theimpact of the blood stream
on the heart wall and the aorta, which spread through
thesurroundingtissueto thechest wall.

Fund Project: the Scienceand Technology Devel-
opment Program of Beijing Municipa Commission of
Education (No. KM200710011010)

Theheart sound signd isakind of biologica weak
signalsunder the strong noise background. Itiseasily
affected by anumber of human factors, for thereason
that the heart sound signalsisakind of instable natural
signas, whichissignaled by thecomplex lifg[3]. The
changes of heart sound and the emergence of the heart
murmur istheearly symptomsof the organic pathologi-
cal changesof heart. The changeof physical structure
of theheart directly leadsto thedter of theheart sound
sgnds, sotheheart soundsandyzingisavita meansin
learning the status of the heart and large blood vessels.
Each component of the heart soundsisshownin Figure
1, including thefirst heart sound (sl1), the second heart
sound (s2), and under certain circumstances, thereare
the third heart sound (s3) and the forth heart sound
(4).

S1 gtarts0.02~0.04 seconds| agging behind the be-
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Figurel: Theoscillogram of heart sound signals
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ginning of QRSwavein thed ectrocardiogram, account-

ingfor about 0.08~0.15 seconds, caused by blood flow-

inginto aortawhen both mitra vaveandtricuspid vave
closeand ventricular systole happens.

S2 startsfromthetail of T waveinthee ectrocar-
diogram, caused by

1) Thevibration of ventricular wall when ventricular
diastole happened,;

2) Thebloodflowing fromariumintoventriclewhen
both valve aortaand pulmonary valve close, and
ariaventricular vaveopens. S2 happensat thebe-
ginning of diastole. Itsfrequency iscomparatively
high and duration is shorter than S1, taking about
0.07~0.12 sec.

Diagnosismethodsof coronary heart disease

Diagnosisof coronary heart diseaseisdivided into
two broad categories, which arenon-invasive diagnos-
tic methodsand theinvasive one. Generaly, the non-
invasive diagnostic method works are based on cords
electricd activity and pump activity, including dynamic
electrocardiogram, ultrasonic cardiogram and other
modern medical imaging techniqueslikeNMR, CT, PET
etc. But it doesn’t meanthat al patientscan bediag-
nosed by electrocardiogram ways, because another
great part of patientswho havemild congenital heart
disease do not show much problemin e ectrocardio-
gram. Therefore, all mentioned methods above which
arerepresented by e ectrocardiogram hardly can guar-
anteetheir diagnosisaccuracy.

Stethoscopeisextensively adopted in heart sound
andysisand diagnosissince Laennecinventedit. Heart
auscultationisone of themost old-aged methodsused
for diagnosing vascul ar disease and cardiac function,
namdy, medica staffsmakeasubjectiveandytica judg-
ment to what they hear by their own knowledge and
experience. So far heart auscultation till isamost ba
sic measureto diagnose angiocardiopathy. Althoughit
also hascomparatively largelimitations, heart sound
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andydscangofurther inimproving diagnos saccuracy.
Heart sound is of great value in diagnosing
angiocardiopathy and it provesto beas gnificant non-
invasive detecting method, with possessing irreplace-
ableadvantages compared with e ectrocardiogram and
ultrasonic cardiogram.

Astothestudy of heart sound, the representative
oneisbelongto M. Akay et a. Thelr research results
show that when the blocking rate of coronary stenosis
ranges from 25% to 95%, a kind of after-blockage
overflow comesinto being, which formsawesk heart
sound signd that contains coronary artery blockagein-
formation and distributesinthehighend.

DIGITAL FILTERING
OFHEART SOUND SIGNAL

Heart sound acquisition system

Theanaysisand processing of theheart sound sig-
nasplaysasignificant roleindiagnosngthecardiovas-
cular diseases, In order to achieve correct classifica
tion of heart sound signals, High-performance heart
sound signal acquisition system DSP-based isdesigned
inthispaper, thestructure of the DSPcoll ecting system
is showed in Figure 2. Heart sound sensorsis also
known asthetransducer, and isawidely used medical
sensors, it can convert the mechanicd vibration sound
signa formed intheimpact of the blood stream onthe
heart wall and theaortatodectrica sgnas. Amplifiers
zoominthedight heart soundsignd. Trandformandog
sgnastodigita signalsthrough 12 bit A/D converter,
which werethen send the signal to the computer via
seria communication port, and processed by the com-
puter with digital methods, includingthedigita filtering
and other analysisand processing methods, accord-
ingto therequirements. Then, pre-processing circuit
amplifier andfilter the heart sound signal, and trans-
formanaog sgnalstodigita signasthrough 12 bit A/
D converter, Finaly, thedigital signal transmitted to
the DSP, which heart sound signalsisfiltered, then
send thesignal sto the computer viaserial communi-
cation port, and processed by thecomputer with digital
methods, includingthedigita filtering and other analy-
sisand processing methods, according to therequire-
ments.
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Figure2: Heart sound detection system structurediagram
Wavelet de-noising experiment

Thanksto the advantages of wavelet transforma:
tion, wavelet andysismethodiscausing great academic
concern both at home and abroad recent years. For
wavelet anaysismethod not only inheritstheexcellent
characterigticsof Fourier transformation, but also makes
up for itsdisadvantages, it can receivesrapid devel op-
ment and wide application. Wave et basis'strandation
and commanding function possesseswavel et flexible
and variabletime-frequency windowsthat narrow down
at high frequencies and broaden at low frequencies,
makingit availabletofocaizeonany detail of andytica
obj ect and perfectly suitableto analyze unstable heart
sound signdl, asaresult, themulti-resol ution anaysis of
wavel et has nice characters and advantagesin space
domain and frequency domain. Nowadays, wavel et
andys shassuccessfully had gpplicationin biomedica
engineering, intelligent Sgna processing, imageprocess-
ing, voice and image coding, speech recognition and
synthesis, multi-scal e edge detection and reconstruc-
tion, fractd and digitd televison and other fields. Wave-
let transform isdefined asfollows:

Wavel et transform can be described asfollows:

WT, (a,b) = ﬁ [ 100w (o= v }

\va,b(X)=iw(%) abeR,az0 @

lal
Where v, , (X) representsWavel et generating function,

arepresentsscaling factor, b representsthetime-shift-
ing factor, when b take different values, the wavel et
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alongthetimelinemoveto adifferent location, v *(t)
represents Complex conjugation of v (t). Inthe con-
tinuouswavelet transform, set variable a=2-j, b=k2-j,
Inwhichj,k “Z,sothediscretewaveletis:

] I

"’2*] ’szj =2§"’(2]X_k)=25"’],k (X) (2)

Thusthe corresponding discretewave et transform
asfollows.

i
WT, k) =(f.w,, ) =22 [ fow @x-k)ax - @
The decomposition structure of Mallart fast algo-
rithmof thisalgorithmisillustratedin Figure 3.
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Figure3: Signal decomposition structureof M allat algorithm
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Experimentsof eiminating noise

Astotheheart sound signal de-noising, different
wavelet baseshasdifferent effect, amilarly, for thesame
wavel et with different decompositionlevd, itsde-nois-
ing effect isnot exactly thesame.

In this paper, some commonly-used orthogonal
wavd etsin heart sound processing such asHaar, db6,
sym8and coif5 etc get experimenta ly compared, which,
asaresults, db6 wavel et’s de-noising effectsis com-
paratively good. At the sametime, the samewavel et
with different decomposition level getsacontrast as
well. Experiments show that when decompositionleve
islessthan5layer, theeffect isfar fromided; when the
decomposition level equas5, thede-noising effectis
ideal; when the decomposition level isgreater than 5,
although the noise cancel lation workswell, but at the
sametimeit filtersaconsiderable part of heart sound
signd. Therefore, using a5-layer db6 wavel et decom-
position get the best de-noising effect.

THEHEART SOUND SIGNAL BASED ON
BI-SPECTRUM ESTIMATION

Because AR model iseasy to reflect the spectrum
of thepeak and MA model iseasy to reflect the spec-
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trumof thevaley, ARMA modd isadoptedin calcul at-
ing the heart sound signal’seigenvalue. ARMA model
isazero-polemodd that reflectsthe peak and valey of
the power spectrum.

ARMA model and power spectrum estimation

Function armagsand armartsin Matlab signal pro-
cessing toolbox can be used to estimatethe ARMA
model parameters, and bi-spectrum estimates based
onARMA model can be achieved by using function
bispect. amagsfunctionusingtheg-dicedgorithmes-
timated ARMA mode parameters, theformatisasfol-
lowing:

[avec, bvec]=armags(y, p, g, norder, maxlag, samp_seg,
overlap, flag)

armartsfunction using theresidud time seriesestimated
ARMA modd parameters, bispect function armartsand
format areasfollows:

[avec, bvec]=armarts(y, p, g, norder, maxlag,
samp_seg, overlap, flag)

[Bspec, waxis|=bispect(ma, ar, nfft).

Theanalysisof theheart sound identification re-
sults

The collection of the sample signd was completed
intheFirst Affiliated Hospital of Hunan University of
Traditional ChineseMedicineand theAir Force Gen-
erd Hospitd. Thesamplesweredividedinto two groups,
congenital heart disease and non-congenita heart dis-
ease.

Theorder pand gof ARMA mode in bi-spectrum
estimation isof importanceto the classification of heart
sound. Pick order P, Q and different parameter to cal-
culatein MATLAB. When p =3, q = 2, the normal
heart sound’s bi-spectrum graph isshown asFigure4.
Figure4(a) and (b) showstwo casesof childrenwith
normal heart sound signd shispectrum graph. TheFig-
ure5(a) and (b) showstwo casesof children with con-
genitd heart disease signa sbispectrum graph.

The bispectrum grgph of normad and aonormd heart
sound sgnd isrespectively shownasFigure4 and 5. It
can be concluded from the contrast of these four
bispectrum grgphsthat hed thy children and childrenwith
congenital heart sound bi spectrum with significant dif-
ferences, thefact that theabnormd heart sound signals
has more high-frequency component than the normal
ones, which givesriseto aclear difference betweenthe
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(a) Normal heart sounds of (10 years)
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(b) Normal heart sounds (5 years)
Figure4: Bispectrum of children Normal heart sounds

heart sounds of healthy children and congenital heart
disease suffers, which helpto achievethenon-invasive
diagnosisof congenitd heart disease.

DISCUSSIONAND CONCLUSION

Heart sound signal isan unstable, complex biologi-
cd signds, especidly children heart sounds. Itisakind
of typicd human biologicd weak Sgnas, whichiswesk,
strongly resistant to noise, of much randomnessand
vulnerableto thevariousfactorsof human body, there-
fore, variousbackground noisesare proneto appear in
the detection of heart sound process. How to get the
accurate children’s heart sound signalsisprerequisite
and foundationfor diagnosisof childrenwith congenita

o

(a) Congenital heart sounds (11 years)

(Rl |

(b) Congenital heart sounds (8 years)
Figure5: Bispectrum of children abnormal heart sounds

heart disease. Experimentsshow that it iseffectiveto
eliminate the various random noises by adopting ab6
wave et todofive-layer decomposition. After eliminat-
ing thesigna noiseand estimating the bi-spectrum by
choos ng appropriate parametersof ARMA modd. the
difference of bispectrum between normal and abnor-
mal heart sound signals have obviousdifferences, itis

very easy toidentify.
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