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ABSTRACT

ECG is a method using to measure the rate
and regularity of heartbeats to detect any
irregularity in a heart. ECG translates heart
electrical activity into wave-line on paper
or screen. Our investigations show that
heartbeat modulation exists in human voice
signal and can be extracted by
transformations in frequency domain. In
this paper, the 2D spectrum of human
vowel speech will be used to extract the
relevant ECG information, where 2D
spectrum is a novel proposed method of
signal feature extraction.

Key words: Electrocardiogram (ECG), voice
signal, spectral transformation, signal feature

extraction.

1. Introduction
The health of a population is a fundamental
element contributing to progressive
sustainable development in al regions of
the world. Virtually all sciences contribute
to the maintenance of human health and
the practice of medicine. Medical
physicists and biomedical engineers are the
professionals who develop and support the
effective utilization of this medical science
and technology as their responsibilities to
enhance human health care with the new
development of the medical tools such as
electrocardiogram (ECG). Heart disease is
a broad term that includes several more
gpecific  heart conditions which are
Coronary Heart Disease, Heart Attack,
Ischemia, Arrhythmias, Cardiomyopathy,
Congenital Heart Disease, Peripheral
Arterial Disease (PAD).The most common
heart condition is coronary heart disease,

which can lead to heart attack and other
serious conditions [1].

Electrocardiogram is a method used to
measure the rate and regularity of
heartbeats to detect any irregularity of the
heart. An ECG translates the heart
electrical activity into wave-line on paper
or screen. The spikes and dips in the line
tracings are called P wave, QRS comple,
T wave, ST segment and RR interval
(period between two sequences of R and R
waves of ECG signal) [2].

The heart is a muscular pump made up of
four chambers. The two upper chambers
are caled atria, and the two lower
chambers are called ventricles. A natural
electrical system causes the heart muscle to
contract and pump blood through the heart
to the lungs and the rest of the body [5,6].
The ECG detection, which shows the
information of the heart and cardiovascular
condition, is essential to enhance the
patient living quality and appropriate
treatment. It is valuable and an important
tool in the diagnosing the condition of the
heart diseases. In recent year, numerous
research and algorithm have been
developed for the work of analyzing and
classifying the ECG signal.

The classifying method which have been
proposed during the last decade and under
evaluation includes digital signal analysis,
Fuzzy Logic methods, Artificial Neural
Network, Hidden Markov Model, Genetic
Algorithm, Support Vector Machines, Self-
Organizing Map, Bayesian and other
method with each approach exhibiting its
own advantages and disadvantages. The
ECG features can be extracted in time
domain [6][7] or in frequency domain
[8][9]. Some of the features extraction
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methods implemented in previous research
includes Discrete Wavelet Transform [5],
Karhunen-Loeve Transform [10],
Hermitian Basis and other methods [11].
All methods of ECG feature extraction
based on electrocardiogram that is a
noninvasive record of variation of the
biopotential signal recorded from human
skin surface. The noninvasive technique
means that this signal can be measured
without entering the body at all. Electrodes
are placed on the user's skin area to detect
the bioelectric potentials.

In current paper we have discover a new
method of heartbeat signal extraction using
human voice signal. In this case, we have a
vowel sound as source signal that can be
recorded by microphone and transmitted
by mobile communications for further
analysis and this method opens new fields
of ECG applications such as heartbeat
detection of patient that located in difficult
access areas.

2. Establishing the Relation
between Heart Activity and

Speech Production

As numerous researches show [12], speech
signals contain linguistic, expressive,
organic and biological information.
Acoustic speech output in humans is
commonly considered to result from a
combination of a source of sound energy
(e.g. the larynx) modulated by a transfer
(filter) function determined by the shape of
the supralaryngeal vocal tract. This

combination results in a shaped spectrum
with broadband energy peaks. This model
is often referred to as the "source-filter
theory of speech production” and stems
from the experiments of Johannes Miller
(1848) in which a functional theory of
phonation was tested by blowing air
through larynges excised from human
cadavers. The supralaryngeal vocal tract,
consisting of both the ora and nasal
arways, can serve as a time-varying
acoustic filter that suppresses the passage
of sound energy at certain frequencies
while allowing its passage at other
frequencies [13]. Formants are those
frequencies at which local energy maxima
are sustained by the supralaryngeal vocal
tract and are determined, in part, by the
overall shape, length and volume of the
vocal tract [14]. Taking into account the
fact, that larynx contains muscles covered
by blood vessels connected to human
circulatory system, heart beat should be
related with dynamical variations of vocal
cord parameters such as length and volume
that should be directly related with
acoustic properties of speech. In our point
of view, it is possible to detect changing of
gpeech properties according to heart
activity by obtaining a spectrogram of
vowel speech signal together with raw
ECG data of the same patient located in
one coordinate system. The structure of
device that allows recording and analyzing
speech and ECG signals represented in the
figure below:

Raw ECG
signal
N » Logging
- — ADC device
Raw Speech
signal
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Figure 1. The block diagram of proposed system



The system contains a microphone as a
source of raw speech signal and Cardiette
ARG600 Portable ECG recorder as source of
rav EEG signal. Both signals where
recorded from patient concurrently during
6 second. Given duration determined as a
comfortable time for vowel speech
generation by a patient. Analog-to-digital
converter of designed system represented
as a microphone input of computer

A

soundcard, where left channel connected to
the attenuated output of AR600 device,
right one to the output of microphone.
Recording of signals and processing
according to the short time Fourier
transform (STFT) was done by software
based on Visual C++ 2005 and MatLab.
Representations of both signals in time
domain represented in the figure 2
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Figure 2. Theraw signalsin time domain; A — vowel speech signal (vowel /¢ like in the word
"email", pronounced by a male), B — ECG signal of the same patient recorded at the same

The P and T waves of ECG signal
suppressed by microphone amplifier that
contains low pass filter with cut-off
frequency around 40 Hz. The figure 2
represents both signals, recorded with
sampling frequency 44 KHz in time
domain.

Further investigations of speech signal
provided in time-frequency domain
according to discrete short-time Fourier
transform defined according to the
equation 1.

X (w)= 5 x(N)o(n-mR)e™"
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Where x(n) is input vowel signal, m— size
of window, ®- length m Hamming
windowing function, R size of overlap.
Size of window should be less than RR
interval of ECG signal and in current
research (after the set of conducted

examinations) was chosen to be equal 2048
signal samples, considering a value of
sampling frequency equal 44 KHz gives a
spectrum resolution 21Hz. The size of
overlaps between signal windows was
1800 samples. The spectrogram of vowel
speech sound (vowel /ef) represented in the
figure 3.

Horizontal lines of the figure are time
evolution of speech formants, it is clearly
seen that the heart activity (a moment of R
wave appearing) produces a freguency
modulation of voice for al formants
located within a band 2-6 KHz. The data,
represented on the figure above allow to
come to a conclusion that it is possible to
extract an RR information (a time between
2 sequential R waves) directly, from
spectrogram or by additional approach
named "the 2D spectrum surface”
discovered by us and represented in the
chapter below
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Figure 3. The spectrogram (A) of vowel speech signal represented together with
ECG (B) of the same patient

3. Heartbeat featur e extraction
To extract the heartbeat information from information in 2D spectrum surface. The

speech spectrogram we have designed a algorithm of the method represented in the
new approach that allows obtaining RR figure 4.
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Figure 4. The algorithm of heartbeat feature extraction



The analysis of image in the figure 3
allows concluding that heart activity has an
influence upon the speech formant
properties, modulating them in frequency
domain. Therefore, it is possible to say
about a voice frequency modulation by the
heartbeat. We have offered a method for
heartbeat feature extraction with algorithm
that adduced on the figure 4

1. The pickup signal is divided into
consecution of windows with length equal
2048 signal samples, overlapped by 24%,
forming a 2D matrix of source signal

2. The Hamming windowing function
applied in each row of 2D matrix of source
vowel speech signal.

3. The Discrete Fourier transform applied
in each row of 2D matrix of source signal
that created in the step 2 to extract a
spectrogram of source signal. Time axis in
this case directed to the bottom of
computer screen (Y direction), the axis of
signal frequency has horizontal (X)
direction

4. During this stage, the Image processing
was applied using low pass spatial 5X5
filter then result in each column was
multiplied by Hamming windowing
function. The filter allows to reduce a high
frequency noise of the spectrogram without
distorting low frequency components of
heartbeat ECG.

5. The Discrete Fourier transform applied
in each column of spectrogram forming a
"spectrum of spectra’ 2D surface. The
heartbeats represented in this surface as
clusters, which have horizontal (X)
positions within a band 2-6 KHz that refer
to the formants frequencies of vowel
gpeech and vertical (Y) position within a
band 0.8-1 Hz that refer to the heartbeat
values equal 60-75 beats per minute.

4. Result

The data includes ECG and sound records
of 15 patients were processed using
designed by as software that implements
proposed methods of heartbeat extraction.
During examination of designed system,
such parameters of system performance as
accuracy and measuring error were tested.

_ Number of bestscorrectly classified
Accuracy =

Total number of beats tested

Fragments were made by a medical expert
by means of interactive analysis of records.
During analysis of each ECG fragment, a
medical expert visually determined an
average value of patient's heart rate then
compare results with data, provided by
software. Experimental work shows that
the average value of system accuracy equal
approximately 92%, the measuring error
determined as 15%.

5. Conclusion

The ECG detection and heartbeat feature
extraction are widely known methods, but
in current paper we have discover a new
method of heartbeat signal extraction using
human vowel speech that can be recorded
by microphone and transmitted by mobile
communications for further analysis. The
heartbeat information may be extracted
using proposed method of 2D spectrum
representation that is extension of Short
Time Fourier transform and also can be
used for AM, FM, ultrasound, Doppler
sonography, and other signals analysis.
The system that implements proposed
methods of heartbeat feature extraction
shows a reasonable agreement of results of
automatic heartbeat allocation with expert
estimations.

Further development of suggested methods
lies in solving of problems of automeatic
classification of heart pathology using a
vowel speech signal. Technology of
artificial neural networks can be effectively
used for this problem solving.
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