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Congenital heart defect (CHD) is the most frequent form of major birth defects in
newborns, common CHDs can not always be found and cured during pregnancy or at birth, and
they must be monitored throughout life. Thus, if life-style related diseases could not be
monitored continuously during a long period in the early stage, they might be difficult to be
diagnosed appropriately in an early step. Furthermore, auscultating and analyzing heart murmurs
from different positions during a physical examination are the vital diagnosis for CHDs. The
needs for the primary health care physicians to improve the cardiac auscultation skill, and
computer-aided analysis skill of heart murmurs, are still strong in the primary screening

examination, and become stronger for the general users to perform the auscultation at home.

The aim of this study is to develop a multichannel cardiac murmurs analysis method and
monitoring system on CHD. Firstly, the background of CHD, HS and common murmurs,
reviews of cardiac murmurs analysis were introduced in Chapter one. Next, four electronic
stethoscopes were fixed on the auscultation cloth, the HSs collection method which reflected the
cardiac valvular opening and closure sounds at the same time was proposed, this measuring

system helped to make the relation between four cardiac valvular opening and closure sounds



and murmurs clear in Chapter 2. The acquired data were transformed to analysis server by

network for data transmission, save and analysis.

Heart murmurs are pathological sounds produced by turbulent blood flow due to cardiac
defects. In order to make the murmurs features easy to use for general users, the murmur index
extraction methods based on quantitively analysis of cardiac murmurs was propesed in Chapter
3. Although, there are some evaluation studies about cardiac murmurs, the quantitative analysis
of evaluation indexes has not been decided. In our study, the evaluation indexes of energy
analysis under five frequency bands, and murmurs duration time parameters at systolic and
diastolic periods were extracted. Firstly, the approach on analysis of the pathologic cardiac
murmurs based on the wavelet packet decomposition technique was proposed. The HS signals
were divided into five bands and the energy ratios at each frequency band were calculated and
compared. Based on the analysis of clinic HSs data, three evaluation indexes of cardiac murmurs
(ICM) were proposed for the analysis of the pathologic murmurs. Finally, the threshold values
between the innocent and pathologic murmurs were determined based on the statistical results of
the normal HSs. The statistic results showed that ICM of multichannel signals not only evaluated
the murmur quantitatively, but also revealed the murmurs generating reason by analyzing signals
from four positions simultaneously. Furthermore, in order to further quantitatively analyze the
cardiac murmurs at each cardiac cycle, the murmurs time duration indexes extraction based on
cardiac vibration state by describing the shape of different-scale window moment waveform
(MW) was proposed in Chapter 3. Firstly, the homomorphic segmentation of multichannel HS
cycle (7) and fundamental HS (S152) were proposed based on homomorphic MW extraction
with window length (/=7/2), the HS cycle and S182 segmentation were implemented by locating
the maximum and minimum of MW respectively. Secondly, considering the segmentation points
of HS S1S2 and cycle as MW centers respectively, to extract the systolic MW (SMW) and
diastolic MW (DMW) with different window lengths (7/8 and 377/8), furthermore, extracting
systolic murmur index (SMI) and diastolic murmurs index (DMI) which were proposed based on

SMW and DMW with window length 7/4. Finally, many experiments show that the murmurs



indexes are efficient to judge the murmurs occurring periods and murmurs time duration.
Importantly, DMF can be computed by moment analysis very fast and simple, and therefore it’s
very useful to auto-diagnosis or aided-diagnosis in an artificial intelligence cardiac murmur

analysis system.

The noises coming from various sources contaminate HS signals and affect HS auscultation,
in order to improve the auscultation, an unexpected noise reduction method based on frequency
slice wavelet transform (FSWT) that can consummate the filtrating in time and frequency
domain simultaneously was proposed. This method was assessed by signal noise ratio (SNR),
correlation coefficient (CC) and mean square error (MSE) evaluation indicators and comparing
with the total variation de-noise (TVD) and discrete wavelet transform (DWT) methods,
experimental results showed HCA method was much more effective for external (ambient noise,
speech noise, stethoscope device power interference) and internal (respiratory or lung sounds,

and skin movements) disturbances noise reduction.

Finally, the multichannel murmurs monitoring system which is composed of multichannel
HSs measuring system, analysis server and analysis result display was designed. The measuring
system which consists of multichannel cardiac signals recorders acquires the signals and sends
them to analysis server though internet network by computer. And the data transmission (upload
and download) and analysis were implemented by the analysis server. The analysis results which
show the multichannel heart murmur analysis indexes are useful and efficient to diagnose the
CHDs, meanwhile, further reveal the heart murmurs physiological and pathological information.
And the results data were not only saved in the server, but also displayed in the website for
murmurs auscultation and diagnosis. Therefore, monitoring on CHDs by clinical HSs
auscultation and analysis remain important for general daily health care. The pre-monitoring for
CHD sounds will greatly improve the prevention of clinical CHD in advance, and helpful to the
primary screening examination, and becomes stronger for the general users to perform the

auscultation at home.
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