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Abstract

In a complete cardiac cycle, the first and the second heart sounds
are dominating sounds out of four high amplitude sounds. This
proposed algorithm is an automatic detection of two dominating
heart sounds based on 3-order normalized average Shannon energy
envelope. By computation of Shannon energy envelope of heart
sound signal, most of the low level murmurs and background
noises get suppressed, leading to excellent detection of first and
second heart sound. The performance of algorithm have been
evaluated for 55 recordings (from different subjects and at all
four auscultations areas) each of 2 minutes, out of which 2520
cycles were selected for analysis. Out of 2520 cycles, the 2409
cycles were correctly detected. This proposed algorithm found
95.6 % correct ratio.
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I. Introduction

The Phonocardiogram (PCG) is a Non-invasive study (diagnosis)
method which provides very useful and authentic information
about valve functioning of heart. Many physicians for a long
time have been dependent upon heart sound auscultations for the
diagnosis of different type of cardiac diseases. So the heart sound
has great importance in medical science.

Mainly four types of heart sounds are associated with the opening
and closing of the valves and the flow of the blood within the
heart during the cardiac cycle. These sound may heard by placing
a stethoscope in corresponding position on the anterior surface
of the chest over the heart .The first and second heart sounds are
sharp and distinct and even easily heard by untrained ear. The
third heart sound closely follows the second heart sound and is
of lower amplitude (muffled), which makes it hard to distinguish.
The fourth heart sound is often of such low amplitude that it
cannot be detected. For these reasons, the discussion of heart
sound measurement often refers to only first and second heart
sound [1].

In this paper an algorithm has been developed for the segmentation
and detection of heart sound. This proposed algorithm is an
improved version of NASA algorithm which constructs the time
gate to detect the accurate boundaries of first and second heart
sounds.

Il. Methods

The detection algorithm is based on the calculation of envelope
using three-degree normalized average Shannon energy, which
attenuates the effect of low value noise and makes the low intensity
sound easier to be found.

A. Acquisition and Pre-Processing of Data

The test data consists of recording of heart sounds which is recorded
“MP36 System” of “BIOPAC SYS”. The heart sound was recorded
with at 5000 sampling frequency and 16 bit resolution.
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Fig. 1: Data Acquisition Using MP36 System

The original heart sound signal is acquired at 5000 samples/second
and then decimated by factor 5 to 1000 sampling frequency. Now
signal is normalized to absolute maximum of signal according to
equation (1)

. x(k
x(i) = —mmljix?;k}lj (1)

Where, x (k) = Original heart sound signal; and x (i) =normalized
signal
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Fig. 2: Original Heart Sound Signal

B. The Normalized Average Shannon Energy
The standard definition of Shannon energy formula is as
follows:

E.= —~ 3%, x%(i) « Logx®(i) @

Where, x (i) = Original Signal, and Es= Normalized average
Shannon Energy

But, preliminary studies have proved that the method of normalized
average Shannon energy [6] was sensitive to heart murmurs
which easily lead to false segmentation. Therefore, for better
computational results we can choose third order Shannon energy
equation (as shown in equation no. 3).

E.= —2 323D < loga®(D) ©

Where, meanings of all symbols are same as those in equation

Q).
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Fig. 3: Envelopes of Heart Sounds Signal Under Different Formula;
(a) 2-order, (b) 3-order, (c) 4-order.
[Courtesy: Xinpei et al.]

The envelopes of signal using different computing formulae are
shown in fig. 4, where (a) is the envelope using 2-order formulae,
(b) is the envelope using 3-order formulae, and (c) is the envelope
using 4-order formulae. As shown in fig. 4, the higher the order is,
the smoother the envelope is, while the smaller the amplitude of
the S, is. Particularly in (c), the envelope of S, marked with arrow
can’t be recognized. Considering the smoothness of the envelope
and the identifiability of S, 3- order formula performs well [8].
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Extraction of Heart sound Envelope:

The extraction of the heart sound envelope is implemented by
calculating the normalized average three-order Shannon energy.
The average three-order Shannon energy is calculated in continuous
32-samples segment throughout the normalized signal with 16-
samples segment overlapping, according to following formula,

o= —2 B, [x (D[  Loga| (D)3 )

Where, x (i) = normalized signal, N= number of samples in 32-
sample segment.

Then, the normalized average 3-order Shannon energy of
whole heart sound signal is computed according to following
formulae,

Pp, {t} =

Where, M (E_ (t)) = mean value of E_(t) and S (E_(t)) = Standard
deviation of E_ (t).

Egit)—M{Et)]
S(Es () ®)

D. Segmentation of Heart Sounds Envelope

After the processing a final Shannon energy envelope is obtained
(as shown in Fig. 4). This envelope can reflect the approximate
position of S, and S,. But, due to overlapped segmentation of
signal, there is deviation between the peak locations of heart sound
envelope and peak locations of original heart sound signal in time
axis. Therefore, to get the more accurate position of First and
Second heart sounds in time axis, the time gates of S, and S, are
constructed on the basis of obtained heart sound envelope. Now,
the time gate can be considered as the search range to detect the
accurate position of S, and S, in heart sound signal.
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Fig. 4 : Heart Sound and its Shannon Energy Envelope

Now, according to the amplitude of envelope, a soft-threshold “Th” has to obtain. Then, time gate of S, and S, is constructed by

Threshold “Th”.
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Fig. 5: Final Marking of S, and S,

The S, and S, are identified on the basis of following facts:

1. The longest time interval between two consecutive peaks is the Diastolic period (i.e. from the end of S, to beginning of S,)

[5].

2. After finding the longest interval, the starting and ending of interval is marked as S, and S, respectively. And in the same way

all peaks are marked.

If there is no splitting or murmurs in the heart sound, then all peaks can be detected very correctly (as shown in fig. 5).
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Fig. 6: Whole Process at a Glance

E. Evaluation of functioning of Heart valves by correlating
the number of S / S, detected and number of R-peaks
detected in selected ECG signal segment:

Since, we acquire ECG signal simultaneously for verification of
our results. Now, we detect the number of R-peaks obtained in the
selected ECG signal segment and also count the number of S, /S,
obtained in selected heart sound signal segment, simultaneously
(The signal should be always selected in complete cycle segment,

www.iject.org

i.e. from P to P cycle of P-Q-R-S-T). Then, we can predict the
following facts:

1.

Ifno. of R-peaks in ECG signal segment are equals to halfthe
number of time gates detected in Heart Sound signal (false
detection must be avoided), then heart valves are working
properly.

Ifthe above condition does not occurs then there are possibility
of either heart sounds splitting and presence of murmurs or
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due to lost peaks or extra peaks the number of actual time
gates are not properly detected.
The algorithm of this decision process is shown in fig. 7.

Counting (and correlating)
the Number of S/S;
Obtainedin selected
signalsegmentsand
number of R-peaks
obtained in ECG signal
{whichis simultaneoushy
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TheHeartSoundsare
synchronized with
ECG (i.e.Heartvalves
are OK)
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¥ Either, data is not properly
acquired.

» OR, selected signal segment
consists of artefacts.

» OR, there is splitting in Heart
sound and due to improper
functioning of heart valves.

#» OR, Heart murmurs are
dominating.

Fig. 7: Algorithm for Prediction of Situation of Heart Valves on
Basis of Detected no. of R-peaks and S,/ S,

Ill. Results

Since, Heart sound signal reflects the mechanical valve functioning
of heart and it can’t be acquired as accurately as ECG signal.
Because ECG reflects the electrical changes in heart, therefore
its rather accurate than heart sounds. Therefore, in order to
evaluate the proposed 3-order Shannon energy algorithm and
verify the results, the ECG signals are recorded synchronously.
This proposed algorithm detects S, and S, very accurately. The
location of S, is after R-wave of ECG Signal and the location of
S, is approximately at the end of T-wave of Electrocardiogram
signal, which is consistent with the physiology knowledge [9].
The performance of the algorithm is also evaluated for 55
recordings (from different subjects and at all four auscultations
areas) each of 2 minutes, out of which 2520 cycles were selected
for analysis. The achieved results are summarized in Table 1.
This algorithm gives better results even if we acquire the signal
from any of the four auscultations areas (i.e. Aortic, Pulmonic,
Tricuspid and Mitral), but the best performance is achieved if
data is acquired from Pulmonic position on chest. At the end of
algorithm the detected number of S,/ S, time gates is correlated
with number of R-peaks detected in selected simultaneously
acquired ECG signal segment, automatically. It provides better
explanation to results obtained.

Table 1: The Statistics Results of S 1/ S, Detection

No. of cycles | Percentage (%)
Correct Detection | 2409 95.59
Incorrect Detection | 111 4.41
Total 2520 100

Most of the reasons for incorrect detection are as following:

1. Abnormal heart sound splitting.

2. Highlevelinterfering signal like speech, crying, gastric sound
etc.

3. Presence of high level murmurs, which get mixed with major
heart sounds.

But, still the background noises and low level murmurs have no

effect on the detection results due to efficient suppression of noises

in pre-processing and envelope calculating.
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IV. Conclusion

This presented automatic detection and analysis algorithm can
overcome the interferences of noises i.e. heart murmurs and
background noises, and efficiently detects the primary heart sound
(i.e. First heart sound and Second heart sound). It suppresses the
low level murmurs and background noises due to pre-processing
of signal and envelope calculation. The detected time gates are
accurate boundaries of S1 and S2. The performance result shows
that it’s nearly 95.6% successful. In the final step, the number of
detected S1/S2 are correlated with number of R-peaks in ECG
signal which is simultaneously acquired, which gives a better
explanation to our results. Although, this algorithm have the
excellent performance for detecting S1 and S2 in heart sound,
this method still fails to detect the high level of heart murmurs
which are the major symptom of prosthetic valve dysfunction
and heart disease.
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