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Abstract

In this paper, we present a novel algorithm for pediatric

heart sound segmentation, incorporated into a graphical

user interface. The algorithm employs both the Electro-

cardiogram (ECG) and Phonocardiogram (PCG) signals

for an efficient segmentation under pathological circum-

stances. First, the ECG signal is invoked in order to deter-

mine the beginning and end points of each cardiac cycle

by using wavelet transform technique. Then, first and sec-

ond heart sounds within the cycles are identified over the

PCG signal by paying attention to the spectral properties

of the sounds. The algorithm is applied on 120 record-

ings of normal and pathological children, totally contain-

ing 1976 cardiac cycles. The accuracy of the segmenta-

tion algorithm is 97% for S1 and 94% for S2 identification

while all the cardiac cycles are correctly determined.

1. Introduction

Several studies showed that developing a screening tool

for pediatric heart disease through digital processing of

heart sound signal is feasible [1] [2] [3]. This is of special

importance for pediatric heart disease screening in which

such a noninvasive and inexpensive approach is a prior-

ity [4]. However, one important obstacle in developing

the all-automatic tool is end-pointing of cardiac cycles as

well as localization of first heart sounds (S1) and second

heart sounds (S2), termed by heart sound segmentation.

Inaccurate segmentation can put a negative impact on the

screening results relying on the fact that most of the al-

gorithms are applied on a particular segment of a cardiac

cycle [1] [5]. It is possible to develop an automatic seg-

mentation algorithm using a synchronous 12-lead ECG.

However, using a 12-lead ECG along with an electronic

stethoscope is inconvenient for pediatric cases and a single

lead ECG by itself is insufficient for the segmentation in

certain cases. There are a large number of the algorithms in

which only PCG signal is used for the segmentation [6] [7].

However, developing an accurate algorithm for segmenta-

tion using PCG only in sever pathological cases of children

is still problematic. Earlier researchers studied short-time

energy and sub-band energy techniques to obtain an en-

velop over the PCG by which the the heart sounds are lo-

calized [8] [9]. In later studies, Neural networks were em-

ployed for either cardiac cycle end-pointing or S1 and S2

detection on the PCG signal [10] [11]. Recently, statistical

classifiers (e.g. HMM) have been used for the segmenta-

tion [12] [13]. Nevertheless, the harsh murmurs caused by

sever pathologies in children might decline efficiency of

the algorithms particularly when the classifiers with high

structural risk (e.g. neural networks) are invoked. The

other risk factor for such algorithms is the presence of forth

heart sound (S4). In this case, the beginning of the cardiac

cycles might be misinterpreted specially for children with

a high heart rate.

In this study, we present a robust algorithm for heart

sound segmentation using joint ECG and PCG signals. In

our automatic algorithm, ECG signal is employed in or-

der to determine beginning and end points of cardiac cy-

cles. Then, S1 and S2 are identified using the PCG sig-

nal recorded synchronously with ECG. The automatic al-

gorithm is incorporated into a graphical user interface in

which manual and semi-automatic segmentation are pos-

sible. The graphical user interface together with the auto-

matic algorithm serves as a segmentation tool which can

be used both for medical and biomedical engineering pur-

poses. Results showed that the automatic algorithm effi-

ciently improves the applicability of the tool in which re-

playing the segmented signals makes it profitable for med-

ical assessments or even for pedagogical purposes.

2. Materials

2.1. Segmentation tool

The segmentation tool is constituted of an automatic al-

gorithm and a graphical user interface in which manual and

semi-automatic possibilities are also embedded. In man-

ual segmentation mode, all the cardiac cycles as well as S1

and S2 sounds are manually annotated by the user using

zoom facility while in semi-automatic segmentation mode,
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5. Discussion and conclusions

This paper presents an automatic tool for segmentation

of heart sound signals. The tool constituts of a graphi-

cal user interface along with an automatic algorithm for

heart sound segmentation, developed under a MATLAB

platform. The automatic algorithm for PCG segmentation

was tested with pathological cases in which robustness of

the algorithm plays an important role. Results showed that

the algorithm efficiently identifies the beginning and end

points of the cardiac cycles as well as S1 and S2. A semi-

automatic facility is added to the tool in order to correct

possible errors in S1 and S2 identification within a cardiac

cycle.
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