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Abstract. In this paper we present a design for
an electronic stethoscope to help in detecting
abnormalities in infant cardiovascular systems.
The proposed design consists of software com-
ponents and hardware components. The soft-
ware component time scales and filters the sig-
nal. The hardware component includes dual mi-
crophones for noise cancellation, noise reducing
headphones, and batteries to power the device.
The design was tested using a MATLab sim-
ulation and it proved to successfully filter out
noise and slow the signal sufficiently to make
abnormalities in the heartbeat audible.
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1 Introduction

Cardiovascular deformities are a major concern in new-
born babies, as many as 6 in every 1000 babies will suffer
from some form of cardiovascular malformation [1]. Early
detection of these deformities is crucial for a positive prog-
nosis. Babies have a resting heart rate of 100 to 160 BPM
compared adult heart rate of 60 to 100 BPM [2]; making
it difficult to detect murmurs. An electronic stethoscope
was designed to improve the detection rate of heart mur-
murs by slowing down and filtering the produced acoustic
signal.

The following criteria where applied to the design:
it should require minimal training time, minimal us-
age time, and should slow the signal so that the infant
heart rate can be easily detected. The following con-
straints where applied: the device must be portable, have
a portable power supply, and it must be easy to use crib-
side and in labor and delivery environments.

The design outlined in this paper is unique in that a
second microphone is utilized to sample ambient noise,
and the digitally processed signal is slowed.

2 Conceptual Design

2.1 Overall design

Figure 1 shows a block diagram of the overall design.
The heartbeat signal must first be picked up through a
microphone, digitally processed, and then output to the
clinician’s ears through headphones.

Fig. 1. Conceptual Design Block Diagram

2.2 Major components

The design of this stethoscope can be split up into three
major components. First, the software component which
includes the signal processing necessary to filter noise
from the signal and to time scale the signal to an appropri-
ate rate. Second, the hardware component which includes
microphones, headphones, internal components used for
signal processing, and power source. The final component
is the stethoscope bell and user interface which includes
the bell itself, the hardware component casing, power
switch, and volume control.

3 Detailed Design

3.1 Software Design

Fig. 2. Signal Processing Block Diagram

Figure 2 shows a block diagram of the signal process-
ing. Three filters ware utilized for the stethoscope design.
First, the subtraction filter removes ambient noise by di-
rectly subtracting the noise microphone input from the
heart beat microphone input. A scaling factor will be used
to reduce the noise microphone input to match the level
of ambient noise recorded by the heart beat microphone.
The resulting signal is then fed through a cut off filter
which sets any voltage magnitude less than 0.02 V to 0.00
V. This filter eliminates low humming ambient noises. A
3rd order low pass Butterworth with a cutoff frequency
of 5 kHz is then used to eliminate any noise above 5 kHz.



22 D. Boucher et al.

This smoothes the signal and eliminates random sharp
noise resulting from the cutoff filter.

Finally the filtered signal is slowed to half the speed
utilizing Fourier transforms. When the reverse Fourier
transform is taken no harmonies are lost and therefore
the pitch is not increased or decreased from the original
pitch. This results in a signal which sounds slower than
the original signal, without pitch distortion.

3.2 Hardware Design

The hardware components used in the design were se-
lected based on size and power limitations and their suit-
ability for the device. The DSP chip filters and digitally
processes the acoustic signal, and SRAM which provides
storage for the digital signal. Both of these components
were chosen because they are manufactured by ON semi-
conductor, whom requested the design of an infant stetho-
scope. The microphones used in the design were chosen
for their frequency range which encompasses the range of
the infant heartbeat: between 20Hz and 5000KHz. The
earphones used in the design where selected due to their
noise reduction technology as well as its ability to control
volume.

The device will be powered by four Lithium batteries
which provide adequate voltage and current while main-
taining a small profile and light weight. The calculated
battery life with these batteries was determined to be
above 1000 hours.

3.3 Stethoscope bell and User Interface

The stethoscope bell will be manufactured out of 304
stainless steel, and for the component casing, a hand held
plastic enclosure purchased from Hammond Manufactur-
ing. The diameter of the stethoscope bell will be 1 inch, a
compromise between the pediatric bell stethoscopes (di-
ameter os 7/8 to 1 inch) and pediatric diaphragm stetho-
scopes (1 to 1 and 1/2 inch). A removable rubber di-
aphragm will also be included in the design.

The user interface for the stethoscope consists of 2
parts: volume control, and a power switch. The volume
control is located on the headphones as mentioned in the
corresponding section above. The power switch will be
located on the component casing.

4 Implementation and Testing

The implementation and testing of the design took place
in three stages. The first stage was to test the subtraction
filter by creating two identical microphone circuits, and
exposing both microphones to the same sound. The volt-
age output from one microphone was directly subtracted
from another resulting in a mean voltage of 0 V. Figure
3, illustrates the feasibility of the subtraction filter.

Fig. 3. Subtraction Filter Signals

The second implementation consisted of using an elec-
tronic stethoscope prototype developed by Dr. Robert
Dony to record a human heart beat. The recorded signal
was processed through the cut off filter and the Butter-
worth filter and slowed by a factor of 2. The result was
a heartbeat sound with clear reduction of ambient noise
and no pitch distortion.

The design was implemented using Belasigna 200 DSP
system consisting of two of each 16-bit A/D and D/A con-
verters. The A/D converters were used in obtaining the
two inputs which used to create the subtraction flter. The
result was then put through a third order Butterworth fl-
ter with a cutoff frequency of 5kHz implemented in the
DSP system using IIR flter technique. As the signal is
filtered through the IIR filter, the samples are saved to
external memory (SRAM) which in this case is capable
of holding about 15 seconds of sound data. The signal is
then extracted from the memory and put through a Fast-
Fourier Transform (FFT) sequence. The signal was dou-
bled in the frequency domain. Then the inverse Fourier
Transform was taken and the resulting signal is output
to the headphones. A prototype of the system was im-
plemented using DSP56307EVM processor provided by
Motorola. The design reduced a large amount of noise
and slowed the signal effectively. The main setback of the
system was the insufficient memory to hold more than
15 seconds of sampling. This was inevitable as real-time
signals can not be slowed without being stored.
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