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Abstract: In this paper, the design and development of an electronic stethoscope to amplify, record the heart sound is presented.
The electronic stethoscope is battery powered and can amplify and record heart beat sound. The recorded heart beat sound can
played back later and further diagnosis. The heart beat sound is picked up by a microphone embedded in a regular stethoscope
and amplified by a custom made amplifier circuit. The amplified heart sound is recorded in a semiconductor storage memory-
APR6016 Integrated Circuit (IC). The APR6016 IC can record and playback up to 16 minutes of audio. An 89S52
microcontroller has been used to control the APR6016 chip through serial peripheral communication (SPI). The detail
algorithm of software design has been discussed and results presented.
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L. INTRODUCTION

A stethoscope is one of the simplest basic diagnostic tools for assessing the heart of a human. The heart sound heard through a
conventional stethoscope by the physicians is different due to model variation of stethoscope. But an electronic stethoscope
overcomes the limitations of a conventional stethoscope as the sound data can be transformed in to electrical signals which can be
amplified, stored, replayed and analyzed for further studies. Various works on electronic stethoscope has been reported in the
literature. In [1], the researchers acquire the results from their designed electronic stethoscopes and transfer the data to computer
to process, analyse and replay immediately. The design of the system based on already existing electronic stethoscopes. In which
data acquisition part and dedicated software for data acquisition and processing is essential.

In [2], the authors have developed an electronic stethoscope where heart sounds as well as lung sounds can be listened. In the
system sounds are acquired from the skin surface and a signal processing unit consists of amplifier and filter is used to process the
signal level. The signals has been sampled, digitized and analyzed with the help of Fourier Transform to get the time and frequency
analysis. After processing the signal is listened by a loudspeaker. In [3], the authors studied the electronic stethoscope with
computer aided system as well as sensor design, over all required circuit designing, denoising algorithm, segmentation of heart
sound and machine learning techniques. The developed system is able to give the technological and medical base to develop and
commercialize of the product which is the combination of real time heart sound detection, acquisition and quantification. In [4] the
authors designed a low cost digital stethoscope which is able to interface with mobile communication devices. A condenser
microphone is used to acquire the heart sound from various locations. After amplification and filtration, an adaptive line
enhancement technique is used to process the heart sound digitally for distinct and audible heart sounds. In [5] the author developed
an instrumentation system to monitor human heart sounds. To obtain the equivalent electrical signal from the heart sounds a
condenser microphone is used. Then the signal is processed by amplifier and filter and by using ADC is converted to equivalent
digital signal so that can be interfaced with PC. The signal is accessed and stored in the PC by supporting software. By interpreting
the heart sounds by their time and frequency domain, the system is useful to monitor and diagnose heart disease. In [6], an electronic
stethoscope and cardiac sound analytical method has been developed by the authors to diagnose cardiovascular disease. Along with
electronic stethoscope a signal processing unit, wireless transmitter and receiver as well as a computer are integrated in the system.
The acquired cardiac sounds are transmitted to the computer through transmitter and receiver unit. The heart sound is converted to
simple characteristic waveform by the analytical model which is fitted with the pattern of some cardiovascular diseases. The
characteristic waveform by getting some case studies can be distinguished visually the normal heart sounds to abnormal ones. In
our work an electronic stethoscope has been developed which consists of a sensitive microphone by which heart sounds can be
converted to electrical output in analog or digital form and stored and heard. The stethoscope head is used to acquire the heart sound
and in the other end an acoustically insulted tube is inserted in this head through which the acquired signal is passed to the
condenser microphone present in the tube at another end. The microphone converts the heart sound signal to equivalent electrical
signal .Then the electrical signal is amplified by preamplifier and amplified signal is filtered by a high pass and low pass filter. After
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achieving the desired frequency range the signal is again amplified by power amplifier. The electrical signal fed to the analog input
of APR6016. The heart sound can be stored, played and analysed by interfacing APR6016 IC to microcontroller 89S52.

1. EXPERIMENTAL SETUP OF THE SYSTEM

The experimental setup of the system can be divided into two parts: hardware and software. The hardware part mainly consists of a
sensing unit, signal processing unit and acquisition unit. The sensing unit consists of a condenser microphone and a powering
circuit. The condenser microphone have been placed on the left side of the chest which acquire and converts the heart sounds to
analog signal by using the powering circuit. The raw analog signal is of very low amplitude as well as noisy. So a signal processing
unit has been used to get the desired signal. After that the signal is fed to the microcontroller and APR6016 for desired operation.
Finally signal can be analyzed by using headphone and digital storage oscilloscope (DSO). The details description of each part is
presented separately as below in Figure 1.

Chest Micro- Pre- High Pass
Piece » phone » amplifier »| Filter
1 7
Powering Power Low Pass
Circuit Supply Filter
A \ 4
Head APR 6016 Micro Power
Phone < IC Controller |« Amplifier

Fig 1: Block Diagram of electronic Stethoscope

A. Sensing Unit

In the sensing unit a stethoscope head is used to acquire the heart sound and one end of an acoustically insulted tube is inserted in
this head through which the acquired signal is passed to condenser microphone present in the tube at another end. For using
condenser microphone a powering circuit is needed. The pressure generated by heart sounds is converted into analogous electrical
signal which is basically the change in resistance because of compression and decompression and converting the resistance change
into proportional voltage signal.

B. Signal Conditioning Unit

The signal processing unit consists of preamplifier, the filtering circuit and the driving amplifier. As a preamplifier opamp LM741 is
used and adjusted for the gain up to 1000. Depending upon the requirement, gain is set to an appropriate value. The filter circuit has
two sections: a high pass section and a low pass section. The cut off frequency is set to 10 Hz for high pass filter and 1 kHz for the
low pass filter. Both the high pass and low pass filter are designed as 80 dB second order Butterworth filter. The driving amplifier is
simple non-inverting amplifier configured to have a variable gain in the range of 20-200. As a driving amplifier LM 382 is used.

C. Signal Acquisition Unit

The analog electrical signal is obtained at the output of the signal processing unit. This signal is fed to the analog input of the
APRG6016 voice recording integrated circuit (IC). Microcontroller 89S52 is used to control the APR6016 through SPI interface. In
the APR6016 IC, heart sound can be recorded up to 16 minutes.
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To reproduce the heart sound positive terminal of the headphone is fed to the audio output pin of the APR6016 IC and negative
terminal is grounded. The heart sound signal can also monitor and analyzed in DSO. The detail schematic diagram of hardware
design of the system is shown in Figure 2.
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Fig 2: The circuit diagram of the recording and playback system

D. Software Design of the System
The APR6016 IC is a semiconductor voice recording IC from A Plus, which can store analog multilevel data as well as digital data.
The APR 6016 provides upto 16 minutes of audio recording storage. The IC is controlled through serial peripheral interface (SPI),
which consists of minimum of 3 control signals. In this work we have used 3 control signals to control the APR chip namely chip
select (CS), Serial clock (SCK) and Data Input (DI). We have used an 89S52 microcontroller to control the APR chip. Since 89S52
does not have dedicated hardware SPI, therefore a software SPI function has been developed for interfacing with the APR6016 1C
[7]. The APR6016 IC has 14 OP CODES using which the chip can be controlled for different operation [8]. The detail algorithm for
controlling the APR6016 chip for different operations is shown in the flowchart in Figure 3.
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Fig. 3: Flow Chart for Reading the Device Identification (A) and Flow chart for Recording and Playing Audio (B)

I1l.  RESULTS AND DISCUSSIONS
A prototype of the designed stethoscope has been implemented in breadboard and tested. The stethoscope picks heart beat signals
through the microphone attached to the stethoscope. The microphone signal is amplified and filtered by the signal conditioning
circuit discussed earlier. The conditioned signal is applied to a digital storage oscilloscope (DSO) for visualisation. The hardware
experimental setup is shown in Figure 4 (A). The APR6016 records the heart beat signals and can be played back later on
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headphone. The recorded audio signal is also applied to the DSO for visualisation. Figure 4 (B) shows a recorded heart beat audio
waveform.

A B

Fig. 4: Photograph of the hardware experimental setup (A) and Photograph of recording audio waveform in DSO (B)

IV. CONCLUSION
In this paper, the design and development of an electronic stethoscope was discussed and results presented. The electronic
stethoscope could electronically pickup the heart beat signals, amplify it and reproduce it in the headphone in real time. The
electronic stethoscope also has the feature of recording the sounds and playback. The system is battery powered and portable. The
voice recording IC APR6016 has been used to record the heart sound, which makes the system portable. The electronic stethoscope
makes the different features of the biomedical sounds more distinct and thus better diagnosis is possible.
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