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(57) ABSTRACT

The present invention is an apparatus for detection of high-
frequency heart sounds for diagnosing heart diseases. One
embodiment utilizes an accelerometer-based detector that
presents a light load to the chest, is sensitive to the desired
high frequency range, and provides a quantitative measure-
ment of the quality of the acquired signal. Two pairs of flex-
ible beams, each having piezoelectric transducers on the
upper and lower surfaces are supported by a lightweight
mechanical structure. The beams are center-loaded so that
they respond to the same mechanical energy and will produce
identical electrical signals in the absence of noise. Through
additional signal processing means the two signals can pro-
vide an estimate of the signal-to-noise ratio of the acquired
signal. The two signals can also be combined to further
improve the signal-to-noise ratio. The invention is designed
to be light weight, sensitive to higher frequencies, and to be
relatively immune to noise.
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1
APPARATUS FOR DETECTION OF CARDIAC
ACOUSTIC SIGNALS

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation-in-part of U.S. patent
application Ser. No. 14/552,842 filed Nov. 25, 2014, which is
incorporated by reference as if fully set forth.

FIELD OF INVENTION

The present invention relates to an apparatus for detection
of high-frequency heart sounds for diagnosing heart diseases,
and more particularly, a noninvasive cardiac acoustic detector
which provides high quality, low noise acoustic signals useful
for diagnosis of coronary artery disease.

BACKGROUND

There are devices presently available to detect acoustic
signals from the chest each having its own advantages and
disadvantages as described in the review by Semmlow and
Rahalkar. The motivation for most of these devices is the
detection of sound signatures associated with coronary artery
disease as originally described by Semmlow el al. in 1983.
Coronary artery disease results from occlusions or blockages
of the coronary arteries which supply blood to the heart. Such
blockages will produce turbulent blood flow including an
auditory correlate. Theoretical studies by Wang et al indicate
that said auditory correlates will be at relatively high frequen-
cies: above 200 Hz and as high as 1 kHz. Such sounds are
generally too faint and at too high a frequency to be heard
through a traditional stethoscope, although murmurs associ-
ated with coronary artery disease have occasionally been
reported. Acoustic detection of the sounds produced by blood
flowing through partially occluded coronary arteries would
thereby enable the noninvasive detection of this major dis-
ease.

Devices for the detection of cardiac sounds from the chest
fall into two broad categories: those that reference the acous-
tic energy to fixed positions on the chest and those that use an
inertial reference; i.e., accelerometers. Most of the existing
devices to measure sounds from the chest are chest-refer-
enced such as described in U.S. Pat. Nos. 6,152,879, 6,261,
237, and 7,520,860. Some chest-reference microphones have
been constructed in arrays of multiple microphones as
described in U.S. Pat. Nos. 6,278,890 and 7,037,268. It is also
possible to combine multiple sensors to improve the signal
level as described in U.S. Pat. No. 8,715,206. Chest-refer-
enced devices require a mechanical means for stabilizing the
sensor on the chest which places a relatively heavy mechani-
cal load on the chest. Modified chest-referenced microphones
have been constructed using flexible piezoelectric sensors
which are attached directly to the chest using some type of
temporary adhesive as described in U.S. Pat. Nos. 5,807,268,
5,595,188, 5,827,198, 5,885,222 and 5,913,829. In this
approach, differential movements of the chest under the flex-
ible piezoelectric sensor act as a self-reference.

All'such chest-referenced devices must of necessity placea
moderate-to-heavy load on the chest. Moreover, traditional
microphone designs are sensitive to ambient noise from the
environment. Flexible adhesive sensors are less sensitive to
ambient noise and induce the lightest load, but they do not
detect compression waves and are less sensitive to shear
waves. Moreover, in addition to the weight of these sensors,
there is still considerable mechanical loading as the chest
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must force flexing in these sensors in order to detect the
bioacoustic energy. Mechanical loading decreases the sensi-
tivity of the detection apparatus particularly to high-fre-
quency acoustic signals as documented by Vermarien and
Vollenhoven. To improve the sensitivity of chest referenced
microphones, efforts to match the acoustic impedance of the
microphone to the chest have been attempted as described in
U.S. Pat. Nos. 6,152,879 and 6,278,890. While such imped-
ance matching techniques may improve the power transferred
to the microphone, they actually reduce signal level and still
place a load on the chest.

Studies using chest reference microphones have not shown
the ability to consistently detect the acoustic signatures asso-
ciated with coronary artery disease as summarized in Sem-
mlow and Rahalkar. An accelerometer-based sensor
described by Padmanahban et al. and in U.S. Pat. Nos. 5,036,
857 and 5,109,863 has produced signals that were moderately
successful in detecting coronary artery disease as shown by
Akay et al. Other accelerometer-based sensors have been
described in U.S. Pat. Nos. 7,998,091, 8,024,974, and 8,333,
718. Although these detectors will present a reduced
mechanical load on the chest compared to chest-referenced
devices, they are still comparatively heavy. Even moderate
loads of 10-15 gm produced by these devices will reduce their
ability to detect the acoustic signature of coronary artery
disease as documented by Vermarien and Vollenhoven.

Since mechanical loading the chest will reduce the bio-
acoustic signal, particularly at high frequencies, there is a
clear need for an acoustic detector which presents a very light
mechanical load to the chest. Specifically, the detector should
be less than 10 gm so as to be sensitive to the relatively high
frequency signals in the range 0f 200 to 1200 Hz. Said detec-
tor should also be relatively immune to ambient or environ-
mental noise.

The quality of the signal produced by any cardiac micro-
phone will also depend on microphone position and attach-
ment to the chest along with patient factors such as body
weight. Hence the quality of signals produced by any detector
will vary from patient-to-patient and even measurement-to-
measurement. The signals produced by all cardiac micro-
phones developed thus far provide no feedback on the quality
of the detected signal. There is therefore a clear need for a
cardiac acoustic detector that provides high quality, low noise
signals over the range of desired frequencies, and that is
capable of providing real-time information on the quality of
the signal being detected, when used in conjunction with
signal processing apparatus. The present invention accom-
plishes these objectives.

SUMMARY

The present invention is an apparatus for detection of high-
frequency heart sounds for diagnosing coronary artery dis-
ease. One embodiment of the invention utilizes an acceler-
ometer-based detector that presents a very light load to the
chest, is sensitive to the desired high frequency range, and
with additional signal processing means provides a quantita-
tive measurement of the quality of the acquired signal.

It is therefore a primary objective of the invention to be
very light in weight so as to present a minimum mechanical
load to the chest. It is another objective of the invention to
have a sensor mechanism that is very sensitive to mechanical
energy in the desired frequency range of 200 to 1200 Hz and
minimizes electrical interference. Another objective of the
invention is to provide signals that allow the determination of
signal quality as a measurement of the signal-to-noise ratio of
the detected signal, where a signal is defined as the acoustic
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energy from the chest and where noise is defined as electrical
noise from the transducer, electronics, or electrical interfer-
ence from the environment. It is yet another aspect of this
invention to be relatively immune to ambient or environmen-
tal acoustic noise by having an accelerometer-type design that
is inherently immune to such artifacts.

In view of these objectives, one embodiment of this inven-
tion comprises two thin bending beams that support mechani-
cally sensitive transducers positioned so they are sensitive to
bending moments. In another aspect of the invention, these
bending beams are supported at each end by a lightweight
mechanical structure and said bending beams are center-
loaded by the same low-mass weight so that they respond to
the same mechanical energy and will produce identical sig-
nals in the absence of noise. In another aspect of this inven-
tion, each of the two bending beams includes two mechani-
cally sensitive transducers that produce a bipolar signal that is
differentially combined in the sensor electronics to reduce
electrical interference.

In another embodiment of this invention, only a single
bending beam is used that includes upper and lower mechani-
cally sensitive transducers each producing a separate signal.
In this alternate embodiment, the bending beam is supported
at each end by a lightweight mechanical structure and said
bending beam is center-loaded by a low-mass weight. In this
embodiment, the upper and lower mechanically sensitive
transducers produce separate single-ended, unipolar signals.
If one of these single-ended signals is inverted, the two sig-
nals can be used in conjunction with additional signal pro-
cessing means to provide a measurement of data quality.

Other features and advantages of the present invention will
become apparent from the following more detailed descrip-
tion, taken in conjunction with the accompanying drawings,
which illustrate, by way of example, the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWING(S)

The foregoing Summary as well as the following detailed
description will be readily understood in conjunction with the
appended drawings which illustrate embodiments of the
invention. In the drawings:

FIG. 1 is a top perspective view illustrating one embodi-
ment of a cardiac acoustic detector;

FIG. 2 is a bottom perspective view illustrating one
embodiment of a cardiac acoustic detector;

FIG. 3 isa front perspective view illustrating the placement
of a cardiac acoustic detector on a patient;

FIG. 4 is a block diagram illustrating external electronic
components configured to provide a measurement of signal
quality.

FIG. 5 is a top perspective view illustrating one embodi-
ment of a cardiac acoustic detector including a preamplifier
also serving as a center-loaded low-mass weight.

FIG. 6 is a top perspective view illustrating one embodi-
ment of a cardiac acoustic detector including end-loaded
weights.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENT(S)

The present invention is an apparatus 10 for detection of
high-frequency heart sounds for diagnosing coronary artery
disease. One embodiment of this invention comprises an
accelerometer-based cardiac acoustic detector 10 that con-
verts bio-acoustic information to electrical signals while pre-
senting a very light load to the chest, and providing sensitivity
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to the desired high frequency range. The benefits produced by
the invention 10 include, in various embodiments, electrical
output signals that may be further processed to provide quan-
titative measurements of the quality of electrical signals pro-
duced by a patient’s cardiac bio-acoustic information.

FIG. 1 illustrates one embodiment of the invention 10
comprising an accelerometer type cardiac acoustic detector
10 that converts bio-acoustic information produced by a
human heart to two electrical signals 36, 38 representing the
same bio-acoustic information.

In some embodiments, the cardiac acoustic detector 10
comprises an accelerometer type acoustic detector 10 includ-
ing single, dual, or multiple sensors that produce electrical
signals representing the cardiac bio-acoustic information. In
some embodiments of the accelerometer detector 10, the sen-
sors comprise two low-mass, substantially planar, flexible
bending beams 24,26 that each support two mechanically
sensitive transducers 16,18,20,22. Said bending beams 24,26
are attached on each side to lightweight support walls 40,42.
The right support wall 40 and a left support wall 42 are in turn
supported by support frame 12.

The two bending beams, an upper bending beam 24 and a
lower bending beam 26, are coupled at the center by a cou-
pling element 30, so both bending beams 24,26 are subject to
the same bending action. A coupling element 30 couples the
influence of a low-mass weight 28 to the lower bending beam
26. Both bending beams 24,26 are center-loaded by at least
one low-mass weight 28, such that the bending beams 24,26
respond similarly to accelerations produced by vibrations of
the user’s chest.

In FIG. 6 is illustrated an end-loaded cardiac detector
embodiment. A center loaded configuration provides a more
compact configuration than some other embodiments, but in
an end-loaded embodiment each bending beam 24,26 could
be end-loaded with low-mass weights 64 and supported
through support frame 66 and patient contact plate 68.

The support frame 12 is mechanically connected to the
patient’s chest through a patient contact plate 14 that extends
below the support frame 12. The patient contact plate 14 may
be comprised of the same material as the base frame and walls
in some embodiments of the invention 10. In other embodi-
ments a padded patient contact plate 14 could be used. Firm
attachment of the patient contact plate 14 to the patient’s chest
is assured through the use of a viscous gel, double-sided tape,
or other temporary adhesive (not shown). The patient contact
plate 14 is configured so that a patient’s chest vibrations
deflect the bending beams 24,26 in accordance with the
patient’s heart vibrations.

FIG. 2 illustrates one embodiment of the invention 10 as
seen from a bottom perspective view. The lower mechanically
sensitive transducers 18,22 can be seen in this view. In some
embodiments, the accelerometer type cardiac acoustic detec-
tor 10 may comprise single, dual, or multiple sensors that
produce electrical signals representing the cardiac bio-acous-
tic information. In some embodiments of the cardiac acoustic
detector 10, the sensors comprise two low-mass, substantially
planar, flexible bending beams 24,26 supporting mechani-
cally sensitive transducers 16,18,20,22 attached on each side
to lightweight support walls 40,42. The right support wall 40
and a left support wall 42 are in turn supported by support
frame 12.

The two bending beams, an upper bending beam 24 and a
lower bending beam 26, are coupled at the center by a cou-
pling element 30, so both bending beams 24,26 are subject to
the same bending action. A coupling element 30 couples the
influence of a low-mass weight 28 to the lower bending beam
26. Both bending beams 24,26 are center-loaded by at least
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one low-mass weight 28, such that the bending beams 24,26
respond similarly to accelerations produced by vibrations of
the user’s chest.

The support frame 12 is mechanically connected to the
patient’s chest through a patient contact plate 14 that extends
below the support frame 12. The patient contact plate 14 may
be comprised of the same material as the base frame and walls
in some embodiments of the invention 10. In other embodi-
ments a padded patient contact plate 14 could be used. Firm
attachment of the patient contact plate 14 to the patient’s chest
is assured through the use of a viscous gel, double-sided tape,
or other temporary adhesive (not shown). The patient contact
plate 14 is configured so that a patient’s chest vibrations
deflect the bending beams 24,26 in accordance with the
patient’s heart vibrations.

In FIGS. 1-2, in some embodiments of the invention, the
bending beams 24,26 may be substantially planar wherein
each beam includes an upper mechanically sensitive trans-
ducer 16,20 and a lower mechanically sensitive transducer
18,22, located proximate to the low-mass weight 28. The
mechanically sensitive transducers 16,20, 18,22 may in some
embodiments be substantially disc shaped, and in other
embodiments the mechanically sensitive transducers 16,20,
18,22 may be substantially rectangular in shape. In another
embodiment, only a single bending beam 24 is present con-
taining upper and lower mechanically sensitive transducers
16,20 each producing a unipolar signal 36,38.

The low-mass weight 28 may be comprised of lead, steel,
or other metal in some embodiments of the invention 10. Inan
alternative embodiment (FIG. 5), the weight 28 consist of a
built in preamplifiers 60 shown with connecting wires 62 to
the mechanical transducers 16,20,18,22. In accordance with
one of the embodiments of the invention, the thickness of the
two bending beams 24,26 is adjusted to produce resonant
frequencies of approximately 1000 Hz, so as to maximize the
signal produced at the higher frequencies.

The upper bending beam 24 and lower bending beam 26
are deflected by the mass weight 28 extending across the
upper bending beam 24, that in some embodiments is com-
prised of lead or other heavy metal. In another embodiment,
the mass weight could comprise miniaturized electronics
components preforming the function of the transducer pream-
plifiers 60 (F1G. 54). The force produced by the mass weight
is transmitted to the lower bending beam 26 through coupling
beam 30 which is placed between the bending beams 24,26.
The support frame 12 and walls 40,42 are constructed using a
strong but light material that in some embodiments is com-
prised of titanium, plastic, or even balsa wood.

The low-mass bending beams 24,26 comprise accelerom-
eter detectors and are configured for increased sensitivity at
high frequencies. In some embodiments, the bending beams
24,26 are configured to have a resonant frequency in the range
of 800 to 1200 Hz so as to provide increased sensitivity to
high frequency heart sounds.

The bending beams 24,26 in some embodiments of the
invention 10 are comprised of aluminum, spring steel, or
other flexible metal. In one embodiment of the invention 10,
each bending beam 24,26 contains a mechanically sensitive
transducer 16,20,18,22 comprised of piezoelectric materials
on the upper surfaces of the bending beams 24,26 and similar
piezoelectric materials on the lower surfaces of the flexible
bending beams 24,26. When each flexible bending beam
24,26 bends, the piezoelectric element on one surface is in
tension while the piezoelectric element on the opposite sur-
face is in compression, thereby producing differential elec-
trical signals. In another embodiment of the invention 10,
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only asingle bending beam is used where the upper and lower
piezoelectric transducers produce two single-ended signals.

Cardiac acoustic signals are output on two shielded cables
36,38 that supply differential sensor outputs 32,34 from the
mechanically sensitive transducers 16,18.20,22 attached to
the flexible bending beams 24,26.

In other embodiments, the bending beams 24,26 could
support various mechanically sensitive materials including
piezoelectric ceramics, piezoelectric crystals, piezoelectric
film (e.g., PVDF2 film), piezo-resistive material, or strain
gages.

FIG. 3 illustrates the placement of the cardiac acoustic
detector 10 attached to the chest of a cardiac patient. The
acoustic detector 10 is affixed to the patient using a viscous
gel, double-sided tape, or other temporary adhesive (not
shown). Cardiac acoustic signals from the acoustic detector
10 are output on two shielded cables 36,38 that are connected
to differential sensor outputs. The output signals from the
cardiac acoustic detector 10 are sent to an electronics inter-
face and computing unit 44 via the shielded cables 36,38. The
electronics interface and computing unit 44 performs signal
processing functions on the signals received via the shielded
cables 36,38.

FIG. 4 illustrates electronic components, external to the
invention 10, that can be configured to provide a measure-
ment of the signal data quality provided by the invention 10.
The shielded cables 36,38 are connected to an external elec-
tronics unit 44 that performs signal processing functions on
the received cardiac signals. Differences in the two signals
can then be converted by signal processing means into a
measurement of signal quality.

In the absence of electronic noise, cardiac acoustic output
signals 32, 34 received from the cardiac acoustic detector 10
by a preamplifier unit 46 should be identical. The preamplifier
unit 46 is placed close to the acoustic detector unit 10 to
minimize noise pickup. The preamplifiers 48 provide initial
amplification for low level signals from the acoustic detector
unit 10. The interface electronics unit 50 provides signal
conditioning for the analog signal and analog-to-digital con-
version. Adjustable gain amplifiers 52 provide variable
amplification for the two signals. Lowpass filters 54 for the
two signals prevent aliasing due to sampling by the analog-
to-digital converter 56. The analog-to-digital converter 56
converts the two analog signals to digital format. The com-
puting unit 58 implements additional signal processing soft-
ware that includes evaluation of signal quality.

FIG. 5 illustrates one embodiment of the invention 10,
including a built-in preamplifier 60 functioning also as a
center-loaded low-mass weight. The invention 10 comprises
an accelerometer type acoustic detector 10 including single,
dual, or multiple sensors that produce electrical signals rep-
resenting the cardiac bio-acoustic information. The sensors
comprise two low-mass, substantially planar, flexible bend-
ing beams 24,26 that each support two mechanically sensitive
transducers 16,18,20,22. Said mechanically sensitive trans-
ducers 16,18,20,22 are electrically connected to the pream-
plifier through flexible wires 62. The bending beams 24,26
are attached on each side to lightweight support walls 40,42
and are mechanically coupled through coupling element 30.
The right support wall 40 and a left support wall 42 are in turn
supported by a support frame 12 which is attached to the
patient contact plate 14. Electrical signals 32 are connected
through cable 36 and are the outputs of the cardiac acoustic
detector 10.

The two bending beams 24, 26 are coupled at the center by
a coupling element 30, so both bending beams 24,26 are
subject to the same bending action. A coupling element 30
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couples the influence of the preamplifier 60 to the lower
bending beam 26. Both bending beams 24,26 are center-
loaded by the preamplifier 60, such that the bending beams
24,26 respond similarly to accelerations produced by vibra-
tions of the patient’s chest.

The support frame 12 is mechanically connected to the
patient’s chest through a patient contact plate 14 that extends
below the support frame 12. The patient contact plate 14 is
configured so that a patient’s chest vibrations deflect the
bending beams 24,26 in accordance with the patient’s heart
vibrations.

FIG. 6 illustrates one embodiment of the invention 10,
including end-loaded low-mass weights 64. The invention 10
comprises an accelerometer type acoustic detector 10 includ-
ing single, dual, or multiple sensors that produce electrical
signals representing the cardiac bio-acoustic information.
The sensors comprise two low-mass, substantially planar,
flexible bending beams 24,26 that each support two mechani-
cally sensitive transducers 16,18,20,22. Said bending beams
24,26 are mechanically connected through coupling element
30 and are supported by support beam 66 and patient contact
plate 68.

Electrical signals 32,34 connected through cables 36,38
are outputs of the cardiac acoustic detector 10.

The two bending beams 24, 26 are coupled at the center by
a coupling element 30, so both bending beams 24,26 are
subject to the same bending action. A coupling element 30
couples the influence of the low mass weights 64 to the lower
bending beam 26. Both bending beams 24,26 are end-loaded
by the low mass weights 64, such that the bending beams
24,26 respond similarly to accelerations produced by vibra-
tions of the user’s chest. Each bending beam 24,26 could be
end-loaded with low-mass weights 64 and supported through
support frame 66 and patient contact plate 68.

The support frame 66 is mechanically connected to the
patient’s chest through the patient contact plate 68 that
extends below the support frame 66. The patient contact plate
68 is configured so that a patient’s chest vibrations deflect the
bending beams 24,26 in accordance with the patient’s heart
vibrations.

The invention 10 is typically operated by medical person-
nel who are performing various types of cardiac testing
involving sounds produced by a patient’s heart. During opera-
tion of the invention 10, the user is provided, either by a
display unit (not shown) or by other methods, the signal-to-
noise ratio for the cardiac bio-acoustic signals received from
the accelerometer detector attached to the patient’s chest
(FIG. 3). By obtaining an accurate measurement of the signal-
to-noise ratio, the invention 10 user may thus determine if the
quality of the bio-acoustic cardiac signals meets the require-
ments for the medical test being conducted.

While embodiments of the invention 10 have been
described in detail above, the invention 10 is not limited to the
specific embodiments described above, which should be con-
sidered as merely exemplary illustrations set forth for a clear
understanding of the principles of the invention 10. Further
variations, modifications, extensions, or equivalents of the
invention 10 may be developed without departing from the
scope of the invention 10. It is therefore intended that the
invention 10 not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out this
invention 10, but that the invention 10 will include all the
embodiments falling within the scope ofthe appended claims.

What is claimed is:
1. An apparatus for detection of cardiac acoustic signals,
comprising:
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at least two mechanically sensitive transducers configured
to produce at least two separate electrical output signals
in response to the same mechanical inputs;

at least two accelerometer detectors coupled to said

mechanically sensitive transducers;

a supporting frame; and

a patient contact plate;

wherein cardiac acoustic signals from a patient may be

detected non-invasively.

2. The apparatus of claim 1, wherein said accelerometer
detectors comprise flexible, planar bending beams.

3. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers comprise two mechani-
cally sensitive transducers facing upwards and two mechani-
cally sensitive transducers facing downwards.

4. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers are configured to provide
at least two separate, single-ended, unipolar output signals.

5. The apparatus of claim 1, wherein said mechanically
sensitive transducers comprise piezoelectric materials.

6. The apparatus of claim 1, wherein said mechanically
sensitive transducers are selected from the group consisting
of piezoelectric ceramics, piezoelectric crystals, piezoelec-
tric film, piezo-resistive material, and strain gages.

7. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers are configured to produce
differential electrical output signals providing increased sen-
sitivity and reduced electrical noise.

8. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers comprise one mechani-
cally sensitive transducer configured on an upper surface of at
least one said accelerometer detector, and one mechanically
sensitive transducers configured on a lower surface of one
said accelerometer detector, wherein said mechanically sen-
sitive transducers each produces a single-ended, unipolar out-
put signal.

9. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers are configured on the
upper and lower surfaces of said accelerometer detectors so
that a force on one said accelerometer detector causes one or
more said mechanically sensitive transducers to be in tension
and one or more said mechanically sensitive transducers to be
in compression.

10. The apparatus of claim 1, wherein said at least two
mechanically sensitive transducers are center loaded by one
or more low-mass weights.

11. The apparatus of claim 10, wherein said low-mass
weights comprise miniaturized electronic components con-
figured as preamplifiers for said at least two mechanically
sensitive transducers.

12. The apparatus of claim 1, wherein said accelerometer
detectors are end-loaded by a plurality of low-mass weights.

13. The apparatus of claim 1, wherein the resonant fre-
quency of said at least two accelerometer detectors are con-
figured in a range of 800 Hz to 1200 Hz so as to provide
increased sensitivity to high frequency heart sounds.

14. The apparatus of claim 1, wherein said at least two
accelerometer detectors comprise low-mass accelerometer
detectors configured for increased sensitivity at high output
frequencies.

15. An apparatus for detection of cardiac acoustic signals,
comprising:

at least two mechanically sensitive transducers comprised

of piezoelectric materials and configured to produce at
least two separate differential, electrical output signals
in response to the same mechanical inputs;



US 9,320,489 B1
9

at least two accelerometer detectors, configured for
increased sensitivity at high output frequencies, and
coupled to said mechanically sensitive transducers;

one or more low-mass weights configured to center-load
said mechanically sensitive transducers; 5

a supporting frame; and

a patient contact plate;

wherein cardiac acoustic signals from a patient may be
detected non-invasively.

16. An apparatus for detection of cardiac acoustic signals, 10

comprising:

one or more acoustic sensors configured to produce elec-
trical output signals in response to mechanical inputs;

one or more bending beams supporting said acoustic sen-
sors; 15

one or more miniaturized electronic components config-
ured as low-mass weights to center-load said acoustic
Sensors;

a supporting frame; and

a patient contact plate; 20

wherein cardiac acoustic signals from a patient may be
detected non-invasively.
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