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Comparison of Time-Frequency Distributions in the Heart Sounds Analysis
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Abstract: The usual way to interpret heart sounds is
that the doctor listens to the patient's heart and writes
down a description of his subjective opinion. A more
accurate way is to record the sound, extract more
information by using spectral analysis methods and
finatly visualize the sound as a picture in time-frequency plane. The amount of extra information gained
greatly depends on the choise of the analysis method
and it becomes evident that the Short Time f,'ourier
Transform is not efficient enough for heart sounds
analysis. Superior resolution both in time and frequency
can be achieved by Reduced Inter{erence Distributions,
such as Choi-Williams Distribution and Binomial
Distribution.

form. Then, for every point, the local autocorrelation of a
256 points was calculated and windowed by 256 point
hanning window. For WD, a 256 point FFT was then
calculated. For CWD and BD, before the FFT, the local
autocorrelation matrix was first filtered by the corresponding (exponential or binomial) FIR filter of length 257
points. The transform parameter of the CWD was 15.
Finally negative values in the real part of the spectrums
were replaced with zeros and the square root of the real
part was plotted for every 4th time index.
Due to the differences in the transformations the same
computational resolution was achieved for all distributions
by using the FFT length 512 for the STFT and256 for the
WD, the BD and the CWD.

INTRODUCTION

Audible heart sounds carry a lot of valuable information about the condition of the patient's heart. The usual
way to interpret this information is that the doctor listens
to the heart sounds and writes down a description of his
subjective opinion. A more accurate way is to record the
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sound. extract more information by using spectral analysis
methods and finally visualize the sound as a picture in
time-frequenry plane. This has been attempted by using
first spectrograph and later spectrogram methods [1], but
the fact that these methods work poorly with non-stationary signals has led to unsatisffing results. To get detailed

Figure 1. Waveform of the heart sound.

time-frequency representation more efficient analysis
methods are needed. Accordingly, the purpose of this

RESULTS

study is to compare different time-frequency distributions
and their applicability to heart sound analysis.

METHODS
The example sound of an aortic stenosis (figure 1) has
been recorded by a recording stethoscope and a microcomputer with a sound card. The original sampling rate was

11.025 kHz and afterwards it has been low pass filtered
digitatly and decimated to 2.205 WIz.
The transforms studied are the Short-Time Fourier

Transform (STFT, spectrogram), Wigner Distribution
(WD), Choi-Williams Distribution (CWD) and Binomial
Distribution (BD). The last two distributions are called
Reduced Interference Distributions (RID) and they belong
to a class of distributions called Cohen's Class, which itself
is an extension to the Wigner-Ville Distribution.[2,3,4,5,61
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The time-frequency distributions calculated are shown
in the figures 2. - 5. The spectrum in figure 2. presents the
usual properties of the STFT or the spectrogram representation. STFT distribution is very smooth and areas can be
seen where there is energy, but no detailed information

about the changes in the signal spectrum can
distinguished.
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The STFT was calculated by shifting a 60 ms hanning
window along the data in 4 sample steps. For each instance
a 512 point FFT was calculated and the square root of the
amplitude of the complex spectrum was plotted.

For the other transforms the signal was first Hilbert
transformed to avoid aliasing problems during the trans-

Figure 2. Spectrogram representation of the heart sound.
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DISCUSSION

From the preceeding figures the perfonnance of the
RID functions can be seen. Their resolution is much better
o
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and while the parameter grows, the distribution finally

Figure 3. Wigner Distribution of the heart sound.

Figure 3. presents the Wigner Distribution of the
example sound. It has the best resolution both in the time
and the frequency direction and the changing signal
components can be seen very accurately. However, the
cross terms (artefacts) produced by the transform make the
picture messy and the interpretation becomes difficult.
Figure 4. shows the result of the Binomial Distribution.
It shows much smaller cross terms, which emphasizes the

true frequency components. The resolution is still very
good and the figure is detailed.

Distribution

in figure 5.

shows the same properties,

now for the Choi-Williams Distribution. Although having
lost some of its details, the distribution has very good
suppression of the cross terms and still a very good

N,

signals.

CONCLUSIONS

RID functions provide us with a tool to see into the
structures of the heart sound. They give a lot of information that is not seen in the spectrogram representation. It
should be possible for a skilled person to perform reliable
medical investigation based on the RID representations.
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Figure 4. Binomial Distribution of the heart sound.
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Figure 5. Choi-Williams Distribution of the heart sound.
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