
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-5, Issue-5, May-2017 
http://iraj.in 

Development of Digital Stethoscope and Heart Sound Analysis 
 

46 

DEVELOPMENT OF DIGITAL STETHOSCOPE AND HEART SOUND 
ANALYSIS  

 
1SAMRUDDHI PATIL, 2SHARON JOSEPH, 3BANDU DESAI, 4SAPNA WAGH, 5ASHISH HARSOLA 

 
1,2,3,4,5Electronics and Telecommunication Department, Fr. C.R.I.T. ,Vashi , India 

Email: 1 samruddhi.patil22@gmail.com,2sharonjose202@gmail.com,3bandudesai08@gmail.com, 
4sapanawagh25@gmail.com, 5ashishharsola@gmail.com 

 
 
Abstract - Heart diseases are the most frequent cause of the deaths in the world. This is an alarming situation as the rate is 
increasing rapidly day by day. One of the solutions to this problem is early detection of the symptoms of the cardiovascular 
diseases and it is done by proper analysis of the heart sounds of an individual. A stethoscope is the most primary equipment 
used in analyzing the heart sounds produced and this method is called as Auscultation. However, it is a difficult skill to 
acquire and provide the diagnosis accordingly as traditional auscultation involves judgment by the clinicians, the perception 
and interpretation of each clinician varies, thereby affecting the accuracy of diagnosis. This paper aims to provide a solution 
to this problem by giving a visual representation of the heart sounds using a digital stethoscope. The proposed system 
consists of a chest piece with a piezoelectric sensor, front end pick up circuitry for amplification and filtering, 
microcontroller Arduino UNO for processing, a TFT display shield for Arduino UNO for displaying the heart sounds with a 
SD card module for its storage and future use. The analysis of the heart sounds to classify them into normal and abnormal 
based on its features using logistic regression is also performed and discussed in this paper. 
 
Index terms - Digital Stethoscope, heart sound analysis, real time, logistic regression. 
 
I. INTRODUCTION AND LITERATURE 
REVIEW 
 
A stethoscope is an acoustic medical equipment used 
for listening the internal heart sounds of an 
individual[1]. It has a small disc shaped resonator 
called as diaphragm which is placed on the person's 
body to listen the heart sounds, intestines, blood flow 
in arteries and veins, for measurement of blood 
pressure. It is the fundamental and most used 
equipment in the medical industry for primary 
diagnosis of heart sounds. The heart sounds are 
classified as normal heart sounds and murmurs. 
Normal heart sound is a result of opening and closing 
of heart valves that consists of two sounds S1 and S2 
occurring periodically in sequence with every heart 
beat. The normal heart sound components are 
described below in Figure 1. 
 

 
Figure 1 :  Normal heart sound 

 
Murmurs are the whooshing sounds resulting due to 
turbulent flow of blood through the heart valves. 
Most of the murmurs are not audible in the 

auscultation. The graphical representation of few 
types of murmurs is illustrated in the Figure 2 given 
below. 
 

 
Figure 2 :  Heart murmurs[2] 

 
Both heart sounds and murmurs are of relatively low 
frequency ranging between 10 to 1000 Hz making 
them less audible to be heard clearly by the physician. 
The audibility varies from person to person making 
the auscultation process dependent on the skills and 
expertise of the physician. The following figure 
shows the audibility threshold of heart sounds and 
murmurs. 
 

systole diastole 
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Figure 3 : Comparison of Audibility threshold of heart sounds 
and speech[3] 

 
The previous research performed in this domain uses 
microphone to convert the heart sounds into electrical 
signals for their processing, display and storage[4][5]. 
The use of microphone imports surrounding noise 
with the heart sounds because of its sensitivity. To 
remove this noise , the system needs to have noise 
filtration algorithms which increases the complexity 
of the process. The similar system has also been 
designed using PIC18F2550 micro controller and the 
analysis of the heart sound captured was done using 
LabVIEW software[6].The objective of this paper is 
to propose a system which will capture the heart 
sounds using a piezoelectric sensor, pre-process them 
using amplifier and a first order low pass filter, 
sample and convert the analog signals to digital using 
the ADC of the microcontroller Arduino UNO, Store 
it in the SD card module present on the 2.8 inch TFT 
LCD display shield and give its graphical 
representation on the display. This heart sound data 
can be used for the analysis based on the features 
extracted from it to classify the heart sounds into 
normal and abnormal using logistic regression 
method. 
 
II. PROPOSED SYSTEM 
 
The proposed system consists of two parts : hardware 
components and analysis on MATLAB software. The 
hardware components in the block diagram of the 
system are illustrated in figure 4. 

 
 Figure 4:  Proposed system block diagram (Hardware) 

 
The chestpiece consists of a piezoelectric sensor to 
capture heart sounds of an individual. This heart 
sound is given to the pre amplifier circuit as the 
amplitude of the raw heart sound signal is very low to 

be detected by the microcontroller's ADC. The output 
of the amplifier is given to the first order filter to 
remove the noisy components in the heart sound 
before giving it to 10 bit analog to digital converter of 
microcontroller Arduino UNO[7]. It samples the 
analog heart sound signal and the digital values of 
range 0 - 1023 are produced. These values are then 
stored in the SD card module present on the TFT 
LDC shield[8] available for Arduino UNO and using 
the Adafruit_GFX library[9] the waveform is 
displayed on the screen to observe the shape and 
diagnose accordingly.   
 
The second part of the system consists of the analysis 
of the heart sounds on MATLAB software using 
digital signal processing algorithms.  The flowchart 
of the algorithm used for analysis is shown below in 
figure 5. 

 
Figure 5:  Flow chart of heart of analysis 

 
The heart sound database available online contains 
the .wav files of the heart sounds of the patients 
captured by different electronic stethoscopes. These 
sounds and their sampling frequency are imported to 
MATLAB using the function 'wavread', can be 
plotted, heard and can be used for signal processing 
and classification. The first step in the analysis of the 
heart sounds is envelope detection using Hilbert 
transform. The output of this is used for finding the 
peaks followed by the process of segmentation. The 
segmentation of heart sound involves accurate 
localization of the heart sound components S1, S2, 
systole and diastole. The segmented heart sound is 
given for feature extraction as the normal and 
abnormal heart sounds differ in some features based 
on which the classification is done[10]. The binary 
classification is a method of classifying the results 
into two types one of which can be indicated by 1 and 
other by 0. The logistic regression can be used for 
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binary classification. In this method, the features are 
stored in a vector x=[x1;x2;x3;......;xn] which is 
multiplied by the weight vector matrix 
Ɵ=[Ɵ0;Ɵ1;Ɵ2;......;Ɵn], where, n is the number of 
features . These matrices are used in the computation 
of hypothesis based on which the classification is 
done. In case of logistic regression, the value of 
hypothesis is the probability of occurrence of output y 
= 1 on input x and lies between 0 and 1. The formula 
for computation of hypothesis is given by equation 
(1). 

hƟ(x) = g(ƟTx)                                           (1) 
where, g is a sigmoid function given by 

equation (2). 
g(ƟTx) = 1/(1+e(-ƟTx))                                (2) 

 
A threshold for decision making is set based on the 
hypothesis and according the output y is assigned a 
value 1 or 0. 
For example, if the hypothesis value is greater than or 
equal to 0.5, the output y is assigned a value 1 else 0 
and thus the classification is done. Following graph 
illustrates the working of binary classification using 
logistic regression. 
 

 
Figure 6: sigmoid function (logistic regression)[11] 

 
III. IMPLEMENTATION AND RESULTS  

 
The hardware of the system is as follows:   
 
A. Pre-amplifier: 
The pre-amplifier was designed using a Texas 
Instruments IC LF411 which is a low drift JFET input 
operational amplifier[12]. The input to the amplifier 
is a sine wave of amplitude 200mV and frequency 
ranging between 30 to 100 Hz as the normal heart 
sounds fall into this range and its output is given to 
the filter. The schematic of the pre amplifier is given 
in figure 7. 

 
Figure 7:  Schematic of pre-amplifier 

B. Filter :  
A first order butterworth low pass filter with a cut of 
frequency 100 Hz is designed using an operational 
amplifier IC 741[13]. The filter removes all the high 
frequency noise components above 100 Hz. The 
schematic and frequency response of the filter on a 
simulation software Proteus professional 7 is shown 
below in figure 8. 
 

 
Figure 8: Schematic of low pass filter 

 
Figure 9 shows the soldered PCB of pre amplifier and 
low pass filter. 
 

 
Figure 9. PCB of front end circuitry 

 
C. Arduino UNO interfacing with 2.8 inch TFT 
LCD display shield : 
The following figure shows the interfacing of the 
Arduino UNO with TFT LCD shield. The shield has 
on board SD card module that communicated with the 
microcontroller over SPI communication.  

 
Figure 10. Interfacing of Arduino with TFT LCD shield[14] 

 
IV. RESULTS 
 
a)  The front end circuitry output : 
The pre amplifier output was given to the low pass 
filter and output of filter was observed on the DSO. 
The cut off frequency of the low pass filter is 35Hz. 

Arduino UNO 

TFT LCD Shield 
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As given in figure 11, the yellow signal is a sine wave 
input and blue signal is the output of the complete 
circuit having peak to peak amplitude 4.2V. 
 

 
Figure 11. Output of the front end circuitry 

 
b)  Display of sine wave on TFT LCD screen : 
The digital values generated by the ADC of Arduino 
UNO were stored in the SD card and these real time 
values were plotted on the TFT LCD display. 
 

Figure 12. The sine wave display on TFT LCD screen  
 

c) Analysis Results : 
The heart sounds database available for Physionet 
Challenge 2016 was used for the analysis.  The data 
is available in .wav format. It was imported to 
MATLAB, plotted and observed its Hilbert 
Transform for peak detection along with its frequency 
spectrum is shown in figure 13. 
 

 
Figure 13: Normal heart sound waveform, its Hilbert 

transform and frequency spectrum 
 

The signal then undergoes feature extraction followed 
by classification. The features extracted and the 
classification results for four different types of heart 

sounds i.e. normal heart sound, mitral stenosis, aortic 
regurgitation, diastolic rumble in which 1 denotes the 
normal heart sound and 0 denotes the abnormal heart 
sound. Figure 14 shows the different features 
extracted from the normal and abnormal heart sounds. 
 

 
Figure 14. Feature values and their description 

 
The heart sound analysis performed is completely 
based on the database available on the internet as 
finding the test subjects for getting the abnormal heart 
sound signals from the real time system is very 
difficult. 

 
CONCLUSION AND FUTURE SCOPE  

 
The front end circuitry was tested using a sine wave 
as input as the heart sound signals are periodic in 
nature. The working of circuit was verified by 
comparing the gain and frequency response of 
simulation output and practical circuits. The circuits 
will be tested using actual sensor on different subjects 
to find the practical possibility of the proposed 
system. The stored signals can also be sent via 
internet in case of remote diagnosis of the patient. 
The analysis of the heart sounds is done on 
MATLAB software using a logistic regression 
method for classifying normal and abnormal heart 
sounds. The accuracy of the classification observed is 
approximately 70%. The analysis can be done using 
different classification algorithms such as Artificial 
Neural Networks, Support Vector Machine, etc. in 
order to increase the accuracy and reduce complexity 
of the algorithms. 
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