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Abstract— In addition to electrical signals from the heart, signals 
related to heart sound can be received. Electrocardiogram (ECG) 
data are electrical signals that result in activities in the heart 
muscles. Phonocardiogram data are the results of turbulence 
during the opening and closing of the heart valves. In this paper, 
electrical signals (ECG) and sound signals (FCG) are taken from 
a healthy heart and the relation of two signals is defined. By 
defining the relation of two signals, it’s aimed to establish the 
ground for the algorithms to be arranged in the future. 
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I. INTRODUCTION 
The using stethoscope and electrocardiogram in the 

diagnosis of heart disease are two basic methods. Diagnosis of 
a disease by a stethoscope depends on the doctor’s experience, 
skill and hearing ability. Therefore, doctors need an analyzer to 
help with the diagnosis of the disease. In a paper published on 
this subject, it was emphasized that the sound signal should be 
divided into its own components to analyzing the heart sound 
[1]. In another paper, it is mentioned that heart diseases are 
related to heart sounds and it is aimed to help the diagnosis of 
heart disease in the early stage. The paper was emphasized that 
the audio signals taken from the heart were divided into their 
own components and using the Choi-Williams method as a 
method of disaggregation was found to be effective [2]. There 
are also some extraction and analytical approaches based on the 
correlation between ECG and heart sound [3,4]. 

Electrocardiogram (ECG) signals are electrical signals that 
result in activities the heart muscles and composed of five 
waves named P, Q, R, S, T are shown in Fig. 1. The heart 
sounds are composed of two waves that named S1 and S2. The 
sound signal of a healthy heart is shown in Fig. 2. 

 
Fig. 1  Electrocardiogram Signal 

 

 
Fig. 2  Normal Heart Sound Signal 

P-QRS-T wave sequence reflects the electrical activity of the 
heart. The P wave is atrial depolarization. The QRS complex is 
ventricular depolarization. The T wave is ventricular 
repolarization. The P wave is a first recorded, small and round 
deflection. The voltage of the P wave is 0.3mV and its duration 
is not more than 0.12 seconds. The QRS complex indicates that 



the stimulus is spread in the ventricles. The first wave of the 
QRS complex is negative and is called the Q wave. It is then 
followed by positive deflection and is called the R wave. 
Negative deflection occurs after the R wave and is called the S 
wave. The voltage of the QRS complex is 0.3mV and its 
duration is not more than 0.10 seconds. The T wave is a wide, 
rounded wave showing the repolarization of the ventricles and 
has an asymmetrical shape. The voltage of the T wave is 2/3 of 
the R wave it follows [5]. 

Heart sounds are the results of turbulence during the opening 
and closing of the heart valves. Heart sounds are basically 
composed of two sound waves. These are the waves S1 and S2. 
In addition to the S1 and S2 waves, two more sound waves are 
generated depending on the abnormalities. These are called S3 
and S4 waves. In Fig. 3, the heart sound signal is shown that 
has S3 and S4 waves. 

 
Fig. 3  Signal Consisting of S1, S2, S3, and S4 

The S1 wave occurs at the end of the depolarization of the 
ventricles and at the beginning of the depolarization of the atria. 
The S1 wave indicates the beginning of the systolic phase. The 
S2 wave occurs at the end of depolarization of the ventricles, 
closure of semilunar valves (aortic and pulmonary vessel valves) 
and the opening of the atrial-ventricular (atrioventricular - 
tricuspid and mitral) valves. The S2 wave indicates the 
beginning of the diastolic phase. The severity of S1 and S2 
varies depending on where they are heard. S1 is more severe 
than S2 when they are heard from the apex (over the left 
ventricle). Changes in S1 and S2 may indicate abnormalities. 
The S3 wave is normal until puberty. It does not occur if there 
is no congestive heart failure at later ages. It occurs in the 
diastole phase. The S4 wave occurs at the end of the 
depolarization of the atria. It takes place in the diastolic phase 
and occurs in cases of various coronary artery diseases or 
sudden obstruction of the outflow of blood [6,7]. 

 
 
 
 
 

II. METHOD 

A. Collection of ECG Signal and Heart Sound 
During the collection of ECG signals, KL-730 Biomedical 

Measurement Education System is used in Fig. 4. Heart sound 
is recorded with a stethoscope that has an electret microphone. 
ECG signals and heart sounds are recorded simultaneously. 

 

 
Fig. 4  KL-730 Biomedical Measurement Education System 

The block diagram of the system in which ECG signals and 
heart sounds are recorded is shown in Fig. 5. 

 

 
Fig. 5  Block Diagram of ECG Signal and Heart Sound Recording System 

B. Signal Preprocessing 
The sound signals from the heart may have unwanted noise, 

the heartbeat signal is filtered before the actual operation. ECG 
signals are taken from the measurement system. Therefore no 
filtering is needed. 

The heart sound is firstly normalized and the amplitude is 
increased. After the noise reduction process, the noise is 
reduced and a low-pass filter is applied. 

C. Correlation Analysis 
Correlation of two or more variables, the relationship 

between the direction and strength of the relationship is called 
the correlation analysis. To be able to comment on the amount 
of the relationship, the correlation coefficient should be 
calculated. The correlation coefficient is a measure of the 



relationship between the two variables and varies between -1 
and +1 [8]. 

As seen in the scatter plots are shown in Fig. 6, if the 
correlation coefficient is close to +1, the relationship between 
the two variables is positively related to a very high relationship. 
If the correlation coefficient is close to -1, the relationship 
between the two variables is negatively related to a very high 
relationship. If the correlation coefficient is equal to 0, there is 
no relationship between the two variables [8]. 

Table 1 shows how to interpret the relationship according to 
the correlation coefficient [8]. Values given in the table are 
positive correlation coefficient values. Negative directional 
coefficients apply to the same table. 

 
TABLE I 

INTERPRET OF CORRELATION COEFFICIENT 
 

Correlation Coefficient Relationship 
0.00 – 0.25 Very Weak Relationship 
0.26 – 0.49 Weak Relationship 
0.50 – 0.69 Moderate Relationship 
0.70 – 0.89 Strong Relationship 
0.90 – 1.0 Perfect Relationship 

 
 

Fig. 6  KL-730 Biomedical Measurement Education System 
 
The correlation coefficient is found by dividing the 

covariance of two variables by the multiplication of their 
standard deviations. The covariance of the two variables is 
found by the following equation. 

 
                               𝐶𝐶𝐶𝐶𝐶𝐶(𝑥𝑥,𝑦𝑦) = ∑ (𝑥𝑥𝑖𝑖−�̅�𝑥)(𝑦𝑦𝑖𝑖−𝑦𝑦�)𝑛𝑛

𝑖𝑖=1
𝑛𝑛−1

                            (1) 
 

The standard deviations of the variables are found by the 
following equation. 

 

                                       𝑆𝑆𝑥𝑥 = �∑ (𝑥𝑥𝑖𝑖−�̅�𝑥)2𝑛𝑛
𝑖𝑖=1
𝑛𝑛−1

                           (2) 
 

After the required values are found with the above equations, 
the correlation coefficient is found with the following equation. 

 
          𝑟𝑟(𝑥𝑥,𝑦𝑦) = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑥𝑥,𝑦𝑦)

𝑆𝑆𝑥𝑥∗𝑆𝑆𝑦𝑦
                           (3) 

 

III. EXPERIMENT 
Cross-correlation analysis is used to find the similarity 

between the ECG signal and the heart sound. The cross-

correlation analysis allows us to find the similarity between the 
two signals based on the displacement of the signals. It gives 
correlation coefficients of signals according to negative and 
positive delays. The delay time with which the correlation 
coefficient is high is the section where the signals are most 
similar to each other. 

In the software prepared in MATLAB environment, the ECG 
signals shown in Fig. 8 are given as input with the heart sound 
signal shown in Fig. 7. 

 
Fig. 7  Heart Sound Signal 

 

 
Fig. 8  ECG Signal 

 
 

These two signals are collected from the individual with 
normal heart health. As a result of the correlation applied to the 
signals, the graph in Fig. 9 is obtained. 

 

 
Fig. 9 Correlation Chart 

 
The signal in the first section of the chart is the heart sound 

and the signal in the second section is the ECG signal. The 
signal in the last section shows the cross-correlation between 
the two signals. 

 



 
 

Fig. 10 Detail of Correlation Chart 
 

Fig. 10 shows a detail of the correlation chart. In the chart 
shown in Fig. 10, it is seen that the wave S1 is related to 
incoming P wave after T wave and S2 wave to incoming S wave 
after the R wave. 

As a result of the software prepared in the MATLAB 
environment, the correlation coefficient for the positive 
similarity is calculated as 0.6844 and the correlation coefficient 
for negative similarity is calculated as -0.7345. Both positive 
and negative orientation of the result indicates that the two 
signals have negative similarity at some intervals and positive 
similarity at some intervals. The signals are the opposite 
direction in negative ranges and in the same direction in the 
positive ranges. 

 
 
 

IV. CONCLUSION 
The method applied in this paper revealed the relationship 

between heart sounds and ECG signals. First of all, ECG and 
heart sound are collected from a person with normal heart 
health. ECG data is collected with KL-730 Biomedical 
Measurement Education System. Heart sound is collected with 
a stethoscope that is placed electret microphone in it. ECG and 
heart sound are collected simultaneously from the heart. 

The sound signals from the heart may have unwanted noise, 
the heartbeat signal is filtered before the actual operation. ECG 
signals are taken from the measurement system. Therefore no 
filtering is needed. 

The heart sound is firstly normalized and the amplitude is 
increased. After the noise reduction process, the noise is 
reduced and a low-pass filter is applied. 

After these processes, the similarity between heart sound and 
ECG data is found in MATLAB. It is concluded that the 
correlation between heart sound and ECG signal from a healthy 
person is close to a high correlation with the positive correlation 
coefficient. According to the negative directional correlation 
coefficient, a high relation is found. In the chart shown in Fig. 

10, it is seen that the wave S1 is related to incoming P wave 
after T wave and S2 wave to incoming S wave after the R wave. 

This paper aims to investigate the similarities of the data 
obtained from patients. With the investigation of the similarity 
between heart sound and ECG, it is also aimed to assist research 
in biomedical engineering in the future. 
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