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Abstract. In this paper we present a new de-
sign of a modified stethoscope. The main objec-
tive is to enable the early detection of heart de-
fects in newborn infants. The design uses signal
processing to enable the improvement of detec-
tion. The design was simulated and the results
show that the device would make detection of
defects much more precise and efficient.
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1 Introduction

The problem that was proposed was to design a modi-
fied stethoscope to allow for the early detection of heart
defects and abnormalities in newborn infants. The design
contraints consisted of the device being user-friendly, with
a low learning curve and suitable for use in a hospital en-
vironment. The design also contrained should not conflict
with current hospital equipment, it had to be reusable and
be easily cleaned and had to be practical for a specialist to
use. The project involved four major criterias; should be
portable, allowing the user the ability to carry it around
from cribside to cribside with no added hassle. It should
be be effective at aiding the user in detecting heart defects
and was to lower the examination time required to detect
the respective heart defects. Cost of manufacturing was
another criteria that was included in the design.

Designs for electronic stethoscopes that currently ex-
ist are limited to a variety of features. First, it was found
that many current electronic stethoscopes do not include
a time scaling feature. Secondly, many are fairly expen-
sive. A second feature of the new electronic stethoscope
design is the cost of the device. The electronic stetho-
scope design proposed in this report is a vast improvement
on the commercial designs as it introduces time scaling
modification while remaining more affordable than other
current designs.

The approach that went into completing the design
involved three major steps. The first step was determin-
ing what problems were present in determining whether
or not a newborn had a heart defect. This step involved a
meeting with a nurse from the KW Hospital where many
important questions were answered. The second step was
how the stethoscope would be modified in order to resolve
the current difficulties behind detecting defects. The solu-
tion was proposed a combination of a filter and some type
of time scaling. The third step in the design was devel-
oping a suitable enclosure to house the signal processing
component, and choosing the components that would be

used in the final design. The final point that the design
reached during the course of the project was a full imple-
mentation of the processing side of the stethoscope. The
hardware side of the design was fully conceptiualized but
was not implemented due to cost restrictions, although a
suitable prototype was created with a similar DSP board.

2 Conceptual Design and Methodology

2.1 Overall design

The design for this project uses a microphone attached
to the standard bell end of an infant stethoscope for
digital input. The microphone is attached by wires to a
DSP board, encased in a protective polyurethane case.
Within this case are the electronics and input necessary
to provide the additional time scaling and noise filtering
functions that the electronic stethoscope provides. After
being processed, the output signal will be heard by the
user through a set of headphones connected to the out-
put jack of the DSP board. The time scaling functionality
effectively slows the input sound down by two times, ef-
fectively reducing the heart rate heard by the user. When
combined with the noise filtering function that eliminates
the higher pitch noises in the signal, the electronic stetho-
scope provides a considerable increased in effectiveness at
detecting cardiovascular anonymities.

2.2 Major components

The major components of the design are the microphone,
DSP board, and the plastic casing. The microphone is
6 mm diameter which fits inside the opening to the bell
head of the original stethoscope. It also captures a 20
Hz - 20 kHz audible hearing range with a sensitivity of
-35 dB +/- 4 dB. This provides the necessary accuracy
for recording the infants heart beat to the DSP mem-
ory while having a low power consumption and low cost.
The polyurethane casing is 10 cm by 14.5 cm and has
an inner rubber lining to further protect the electronics
against shock and liquids. The polyurethane material is
durable and cleanable within the current hospital envi-
ronment while being at a low cost in relation to other
materials investigated, such as stainless steel. The DSP
board will be able to be powered by an alkaline battery,
located within the electronics casing, and is able to sample
the sound input at 16 bits of accuracy at 8 kHz sampling
rate. This will provide the necessary speed and accuracy
to ensure the signal integrity through the processing done
by the DSP board.
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3 Software Design

3.1 Filtering

Various types of filters were considered for this design.
A fourth order Butterworth filter was chosen based on
sharpness of cutoff frequency and oscillations in pass
band. The Butter- worth filter has some oscillation in
the pass band although with the chosen parameters these
oscillations are negligible. It also has a much sharper cut-
off frequency. Figure 3.1 below shows a signal containing
200, 500, and 1000 Hz sine wave components. Using the
filter with a cutoff frequency of 480 Hz produced Figure 2.
It resembles a 200 Hz sine wave, although not perfect as
some of the 500 and 1000 Hz components will still be there
but with small amplitudes. This is because a perfect filter
can never be implemented.

Fig. 1. Unfiltered Signal at 8000 Hz Sampling Rate

Fig. 2. Above Signal Fltered with 480 Hz Cutoff Frequency

3.2 Time Scaling Modification

A cut and splice algorithm with overlap and cross-fading
has the advantage of affecting the signal mostly in the
time domain meaning the perceived pitch of the time
scaled signal remains the same. It also requires less com-
putation than most TSM algorithms as it does not require
the modification of any samples. To implement, a signal

is divided into frames. These frames are then duplicated
or discarded to create a new time scaled version of the
original signal

4 Implementation and Testing

A proof of concept build was constructed to prove the
effectiveness of the design project. Using a typical DSP
board, the functionality of the electronic stethoscope was
programmed and installed on the board. Audio samples of
defective hearts were found and processed using the algo-
rithms that provide the additional functionality that the
electronic stethoscope will provide. From this demonstra-
tion, it was clearly concluded that the time scaling and
filtering provided by the electronic stethoscope greatly
enhanced the detection of cardiovascular defects. At an
approximate unit cost of $170.00, and an estimated 7
hour battery life using a 9 v alkaline battery, this partic-
ular electronic stethoscope design is a viable and effective
option for improving detection of congenital heart defects
in infants.

In the future, proper analysis using an infant heart
sample and the opinion of experienced medical profes-
sionals would greatly add to verification of the design.
Also, for higher volume productions, investigation of us-
ing a customized circuit board and DSP chip instead of
a mass produced DSP board could provide the possibil-
ity of a complete embedded electronic system within the
electronic stethoscope, in addition to a potential lower
cost.
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