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PHYSIOLOGICAL CONDITION MONITORS
UTILIZING VERY LOW FREQUENCY ACOUSTIC
SIGNALS

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention is directed, in general, to
systems for monitoring physiological conditions of a person,
and more specifically, to systems that are capable of moni-
toring respiration and cardiac activity, movement and posi-
tion orientation of a body, and other types of physiological
information utilizing very low frequency acoustic signals.
The present invention is directed to an apparatus and method
for detecting very low frequency acoustic signals that rep-
resent physiological activity. The present invention com-
prises a sensor and a method for detecting very low fre-
quency acoustic signals in the frequency range of one tenth
Hertz (0.1 Hz) to thirty Hertz (30.0 Hz). The sensor of the
present invention is capable of obtaining physiological con-
dition signals from a person without being directly coupled
to the skin of the person.

BACKGROUND OF THE INVENTION

[0002] Microphones in physiological condition monitors
are used to detect sounds that are indicative of physiological
processes. Physiological condition monitors are capable of
obtaining and recording signals indicative of a person’s
physiological processes. The most commonly monitored
physiological processes are respiration and cardiac activity.
Physiological condition monitors that monitor respiration
and cardiac activity usually comprise one or more sensors
coupled to the body of the person whose physiological
conditions are to be measured. The sensors are capable of
sensing changes in physical parameters that are caused by
the person’s respiration and cardiac activity. Physiological
condition monitors measure and record waveform signals
received from the sensors. Electrocardiogram (ECG) wave-
form signals are the most commonly used waveforms for
measuring a person’s cardiac activity. Respiration waveform
signals may be electronically derived using techniques such
as impedance pneumography or inductive plethysmography.
Respiration waveform signals are used to measure a per-
son’s breathing rate and other types of information concern-
ing respiration.

[0003] The present invention comprises a chamber and a
microphone that is capable of detecting very low frequency
acoustic signals. The present invention is capable of moni-
toring physiological conditions utilizing very low frequency
acoustic signals. For purposes of illustration, the present
invention will be described with reference to physiological
condition monitors that are capable of monitoring respira-
tion and cardiac activity. It is understood, however, that the
present invention is not limited to use in respiration moni-
tors, and is not limited to use in cardiac activity monitors,
and is not limited to use in physiological condition monitors
in general. The present invention may be used to detect,
measure and record any type of very low frequency acoustic
signal.

[0004] Tow heart rate is referred to as bradycardia. High
heart rate is referred to as tachycardia. Cessation of respi-
ration is referred to as apnea. When a person exhibits apnea,
bradycardia or tachycardia a life threatening condition very
likely exists. Physiological condition monitors that are
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capable of continuously monitoring a person’s respiration
and cardiac activity are extremely useful for quickly detect-
ing apnea, bradycardia or tadhycardia. Such physiological
condition monitors are also useful for quickly detecting
other abnormal conditions such as a very slow breathing rate
or a very high breathing rate.

[0005] Infants who are susceptible to sudden infant death
syndrome are known to exhibit apnea and bradycardia.
Physiological condition monitors that are capable of con-
tinually monitoring respiration and cardiac activity are par-
ticularly useful in the early detection of apnea or bradycardia
in infants. Most physiological condition monitors are
equipped with an alarm system to sound an alert when such
conditions are detected.

[0006] A physiological condition monitor may be coupled
directly to a person who is a patient in a hospital bed. In such
an arrangement the waveform signals from the sensors
coupled to the patient’s body may be sent through wires
directly to a detector circuit (and other circuitry) located in
a console by the patient’s bed. The wires attached to the
patient restrict the patient’s movements and frequently
become tangled as the patient moves. The tangling of the
wires can also result in the sensors becoming detached from
the patient. The loss of sensor contact can set off an alarm
signal.

[0007] 1In other cases it is more practical to provide one or
more sensors located in a belt, harness or item of clothing
that is to be worn by the person to be monitored. In this type
of physiological condition monitor the waveform signal
information from the sensors is transmitted via a radio
frequency transmitter to a radio frequency receiver in a base
station unit that is located away from the site of the physi-
ological condition sensors. The base station unit contains
circuitry for analyzing and recording the waveform signal
information. The base station unit contains circuitry for
detecting abnormal conditions in the person’s breathing
(such as apnea) or abnormal conditions in the person’s
cardiac activity (such as bradycardia or tachycardia).
Because of the freedom of movement that this type of
monitor provides, it is the preferred type of monitor for
monitoring the physiological conditions of infants.

[0008] If the data that is acquired by the physiological
condition monitor is not transmitted to the base station unit
and recorded there, then the data may be recorded in a
memory data storage device located within the physiological
condition monitor. To preserve the freedom of movement
that is provided by a monitor that is worn on a belt, harness
or item of clothing, the memory data storage device within
the physiological condition monitor must be battery pow-
ered.

[0009] Electrocardiogram (ECG) waveform signals are
commonly used to obtain information concerning a person’s
cardiac activity. To obtain ECG waveforms an ECG sensor
unit is coupled to the person whose cardiac activity is to be
measured. The ECG sensor unit is coupled to the person via
electrodes capable of receiving signals that are representa-
tive of cardiac activity directly from the person’s body. In
such an arrangement the electrodes must be attached directly
to the person’s skin in order to receive the signals. The ECG
sensor unit receives the ECG electrical signals from the
electrodes. The ECG signals received by the ECG sensor
unit are then either recorded within the physiological con-
dition monitor or transmitted to a base station unit.
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[0010] Ttis also desirable to obtain information concerning
the movement and position orientation of the monitored
person’s body. The correlation of information concerning a
person’s movement and position orientation with informa-
tion concerning the person’s acardiac activity and respira-
tion activity can provide a very detailed picture of the
person’s physical condition.

[0011] Tt is possible to obtain information about cardiac
activity from acoustic signals. For example, U.S. Pat. No.
4,306,567 to Krasner discloses a sensor apparatus coupled
directly to the skin of a person. The Krasner sensor apparatus
is capable of detecting acoustic signals from cardiac con-
tractions within a frequency bandwidth between about thirty
Hertz (30.0 Hz) and ninety Hertz (90.0 Hz). The acoustical
energy associated with the cardiac contractions detected by
the Krasner sensor apparatus exhibits a maximum signal-
to-noise ratio at about forty five Hertz (45.0 Hz).

[0012] The Krasner sensor apparatus is also capable of
detecting acoustic signals from breathing activity within a
frequency bandwidth between about three hundred Hertz
(300.0 Hz) and six hundred Hertz (600.0 Hz). The acoustical
energy associated with the breathing activity detected by the
Krasner sensor exhibits a maximum signal-to-noise ratio at
about four hundred Hertz (400.0 Hz). The Krasner sensor
simultaneously detects both the cardiac activity signals at
about forty five Hertz (45.0 Hz) and the breathing activity
signals at about four hundred Hertz (400.0 Hz) with a single
sensor unit coupled directly to the skin.

[0013] Acoustic signals normally contain noise artifacts.
We have determined that most of the noise artifacts present
in acoustic signals due to respiration and cardiac activity
may be eliminated by considering only the very low fre-
quency components of acoustic signals. In particular, almost
all noise artifacts that are present in acoustic signals that are
due to respiration and cardiac activity may be totally elimi-
nated by filtering out all components of the signal that are
outside the frequency range of one tenth Hertz (0.1 Hz) to
thirty Hertz (30.0 Hz). This is due to the fact most noise
artifacts occur at frequencies that are higher than these
frequencies.

[0014] We have also determined that sensor devices that
are capable of detecting acoustic signals in the very low
acoustic frequency range of one tenth Hertz (0.1 Hz) to
thirty Hertz (30.0 Hz) do not need to be coupled directly to
the skin of the person whose physiological conditions are
being monitored. A sensor device that detects acoustic
signals in the very low acoustic frequency range of one tenth
Hertz (0.1 Hz) to thirty Hertz (30.0 Hz) in accordance with
the principles of the present invention is capable of detecting
indirect acoustic signals from the body of the monitored
person through the monitored person’s clothes.

[0015] For these reasons it is advantageous to be able to
detect very low frequency acoustic signals in the range of
one tenth Hertz (0.1 Hz) to thirty Hertz (30.0 Hz). It is also
advantageous to have an apparatus for monitoring physi-
ological conditions in which it is not necessary to couple a
sensor unit directly to the skin of the person to be monitored.
It is also advantageous to have an apparatus for monitoring
physiological conditions that is capable of detecting acoustic
signals through the monitored person’s clothes.
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SUMMARY OF THE INVENTION

[0016] The present invention comprises an improved
apparatus and method for detecting very low frequency
acoustic signals in the range of one tenth Hertz (0.1 Hz) to
thirty Hertz (30.0 Hz). The very low frequency acoustic
signals are useful in monitoring physiological conditions
such as respiration and cardiac activity. The present inven-
tion is capable of detecting signals in a frequency range that
is lower than the range of frequencies previously used to
detect acoustic signals for monitoring physiological condi-
tions.

[0017] An advantageous embodiment of the present
invention comprises a chamber and a microphone that is
capable of detecting very low frequency acoustic signals in
the range of one tenth Hertz (0.1 Hz) to thirty Hertz (30.0
Hz). An advantageous embodiment of the chamber of the
present invention comprises a closed chamber containing a
fluid. The fluid may be either a liquid or a gas. In most
instances the fluid that is used is air. The walls of the
chamber are not completely rigid. The walls of the chamber
are capable of expanding and contracting (i.e., moving
inwardly and outwardly with respect to the interior cavity of
the chamber) in response to external inputs of mechanical
energy that form waves of very low frequency acoustical
energy within the chamber.

[0018] The mechanical energy from outside the chamber
forms waves of very low frequency acoustical energy within
the chamber and causes the walls of the chamber to expand
and contract by extremely small amounts. The extremely
small expansions and contractions of the walls of the cham-
ber cause the molecules of fluid in the chamber (usually
molecules of air) to move in low frequency acoustic waves
throughout the cavity of the chamber.

[0019] The present invention further comprises a micro-
phone within the chamber. The microphone is capable of
detecting the low frequency acoustic waves of the molecules
of fluid in the chamber that are caused by the mechanical
energy that causes the walls of the chamber to expand and
contract.

[0020] Prior art acoustic sensors directly detect higher
frequency sounds that are made by the lungs during respi-
ration or by the heart during cardiac activity. The sensor of
the present invention, however, obtains information by
detecting very low frequency signals caused by the motion
of the chest during respiration and by detecting very low
frequency signals associated with cardiac activity. Almost
all of the noise components in an acoustic signal have
frequencies that are above the very low frequency range. By
using the method of the present invention to exclude the
higher frequencies of sound (and noise), the sensor of the
present invention eliminates almost all the noise artifacts
from the acoustic signal.

[0021] The present invention is capable of detecting
acoustic signals from cardiac activity within a frequency
bandwidth between about ten Hertz (10.0 Hz) and thirty
Hertz (30.0 Hz). The acoustical energy associated with the
cardiac activity detected by the present invention exhibits a
maximum signal-to-noise ratio at about sixteen Hertz (16.0
Hz).

[0022] The present invention is capable of detecting
acoustic signals from respiration within a frequency band-
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width between about one tenth Hertz (0.1 Hz) and two Hertz
(2.0 Hz). The acoustical energy associated with the respi-
ration detected by the present invention exhibits a maximum
signal-to-noise ratio at about one and one half Hertz (1.5
Hz).

[0023] Tt is a primary object of the present invention to
provide an improved apparatus and method for detecting
very low frequency acoustic signals in the frequency range
of one tenth Hertz (0.1 Hz) to thirty Hertz (30.0 Hz).

[0024] Tt is also an object of the present invention to
provide an improved physiological condition monitor
capable of detecting very low frequency acoustic signals in
the frequency range of one tenth Hertz (0.1 Hz) to thirty
Hertz (30.0 Hz) that are indicative of physiological condi-
tions.

[0025] Tt is also an object of the present invention to
provide an improved physiological condition monitor with a
sensor unit capable of detecting very low frequency acoustic
signals indicative of physiological conditions where the
sensor unit is not coupled directly to the skin of the person
being monitored.

[0026] Tt is also an object of the present invention to
provide an improved physiological condition monitor with a
sensor unit capable of detecting very low frequency acoustic
signals indicative of physiological conditions where the
sensor unit is capable of detecting such signals through the
clothes of the person being monitored.

[0027] Tt is also an object of the present invention to
provide an improved physiological condition monitor
capable of detecting acoustic signals from cardiac activity
within a frequency bandwidth between about ten Hertz (10.0
Hz) and thirty Hertz (30.0 Hz).

[0028] Tt is a further object of the present invention to
provide an improved physiological condition monitor
capable of detecting acoustic signals from respiration within
a frequency bandwidth between about one tenth Hertz (0.1
Hz) and two Hertz (2.0 Hz).

[0029] Tt is also an object of the present invention to
provide an improved physiological condition monitor that is
capable of simultaneously obtaining (1) information con-
cerning a person’s cardiac activity, and (2) information
concerning a person’s respiration activity, and (3) informa-
tion concerning the movement and position orientation of
the monitored person’s body.

[0030] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention so
that those skilled in the art may better understand the
detailed description of the invention that follows. Additional
features and advantages of the invention will be described
hereinafter that form the subject of the claims of the inven-
tion. Those skilled in the art should appreciate that they may
readily use the conception and the specific embodiment
disclosed as a basis for modifying or designing other struc-
tures for carrying out the same purposes of the present
invention. Those skilled in the art should also realize that
such equivalent constructions do not depart from the spirit
and scope of the invention in its broadest form.

[0031] Before undertaking the Detailed Description, it
may be advantageous to set forth definitions of certain words
and phrases used throughout this patent document: the terms
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“include” and “comprise” and derivatives thereof mean
inclusion without limitation; the term “or,” is inclusive,
meaning and/or; the phrases “associated with” and “associ-
ated therewith,” as well as derivatives thereof, may mean to
include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, juxtapose,
be proximate to, be bound to or with, have, have a property
of, or the like; and the term “controller” means any device,
system or part thereof that controls at least one operation,
such a device may be implemented in hardware, firmware,
or software, or some combination of at least two of the same.
It should be noted that the functionality associated with any
particular controller may be centralized or distributed,
whether locally or remotely. Definitions for certain words
and phrases are provided throughout this patent document.
Those of ordinary skill in the art should understand that in
many, if not most, instances, such definitions apply to prior,
as well as future uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawings, wherein like numbers desig-
nate like objects, and in which:

[0033] FIG. 1 is a partially cutaway view showing one
embodiment of the sensor of the present invention and
showing the sensor chamber as a tube and showing the
placement of the microphone of the present invention in one
of the side walls of the sensor chamber; and

[0034] FIG. 2 is a partially cutaway view showing another
embodiment of the sensor of the present invention and
showing the sensor chamber as a tube and showing the
placement of the microphone of the present invention in one
of the end walls of the sensor chamber; and

[0035] FIG.3 is a partially cutaway view showing another
embodiment of the sensor of the present invention and
showing the sensor chamber as a tube with one open end and
showing the placement of the microphone of the present
invention in the closed end of the sensor chamber; and

[0036] FIG. 4 is an exploded view showing another
embodiment of the sensor of the present invention and
showing the sensor chamber as a rectangular box and
showing the placement of the microphone of the present
invention within the rectangular box; and

[0037] FIG. 51is a cross sectional view of the embodiment
of the sensor of the present invention shown in FIG. 4 taken
along line 5-5 of FIG. 4; and

[0038] FIGS. 6A, 6B and 6C are circuit diagrams of an
advantageous embodiment of circuitry for processing elec-
trical signals from the microphone of the present invention;
and

[0039] FIG. 7 is a block diagram of an advantageous
embodiment of a physiological condition monitor of the
present invention; and

[0040] FIG. 8 is a perspective top view of an advanta-
geous embodiment of the monitor housing of the physiologi-
cal condition monitor of the present invention; and
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[0041] FIG. 9 is a perspective bottom view of the advan-
tageous embodiment of the monitor housing of the physi-

ological condition monitor of the present invention shown in
FIG. 8; and

[0042] FIG. 10is an exploded perspective top view of the
monitor housing of the physiological condition monitor
showing the interconnection of the components of the moni-
tor housing; and

[0043] FIG. 11 is a plan view of the top housing of the
monitor housing; and

[0044] FIG. 12 is a plan view of the bottom of the
assembled physiological condition monitor; and

[0045] FIG. 13 is a cross sectional view of the top housing
of the monitor housing taken along line 13-13 of FIG. 11;
and

[0046] FIG. 14 is a cross sectional view of the top housing
of the monitor housing taken along line 14-14 of FIG. 11;
and

[0047] FIG.151s a plan view of the bottom housing of the
monitor housing; and

[0048] FIG. 16 is a side elevation view of the bottom
housing of the monitor housing taken along line 16-16 of
FIG. 15; and

[0049] FIG. 17 is an end elevation view of the bottom
housing of the monitor housing taken along line 17-17 of
FIG. 15; and

[0050] FIG. 18 is a plan view of the battery door of the
monitor housing; and

[0051] FIG. 19is a side elevation view of the battery door
of the monitor housing taken along line 19-19 of FIG. 18;
and

[0052] FIG. 20 is an end elevation view of the battery
door of the monitor housing taken along line 20-20 of FIG.
18; and

[0053] FIG. 21 is a perspective bottom view of the moni-
tor housing showing the battery door in an open position and
showing the placement of a battery in the monitor housing;
and

[0054] FIG. 22 is an exploded perspective view of a
physiological condition monitor for obtaining data relating
to the movement and the position orientation of a body; and

[0055] FIG. 23 is a block diagram of one embodiment of
the physiological condition monitor shown in FIG. 22
showing the interconnection of the monitor components; and

[0056] FIG. 24 is a block diagram of one embodiment of
a physiological condition monitor for obtaining data relating
to the cardiac activity and the respiration activity and the
movement and position orientation a person’s body.

DETAILED DESCRIPTION

[0057] FIGS. 1 through 24, discussed below, and the
various embodiments used to describe the principles of the
present invention in this patent document are by way of
illustration only and should not be construed in any way to
limit the scope of the invention. Those skilled in the art will
understand that the principles of the present invention may
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be implemented in a suitably modified sensor or in a suitably
modified physiological condition monitor.

[0058] FIG. 1 is a partially cutaway view showing an
advantageous embodiment of sensor 100 of the present
invention. Sensor 100 comprises a chamber 120 and a
microphone 110. In this embodiment chamber 120 com-
prises a hollow tube having side walls 130 and end walls 140
that form cavity 150 within chamber 120. Cavity 150 of
chamber 120 is filled with a fluid (not shown). The connec-
tions between side walls 130 and end walls 140 are sealed
to prevent the escape of the fluid from cavity 150. The fluid
may be either a liquid or a gas. In most instances the fluid
that is used is air.

[0059] When the fluid that is used is air, the connections
between side walls 130 and end walls 140 are not hermeti-
cally sealed. A small amount of air may pass through the
connections between side walls 130 and end walls 140 to
adjust for variations in ambient air pressure in the atmo-
sphere.

[0060] Microphone 110 is mounted within chamber 120 so
that the face 160 of microphone 110 is within the fluid in
cavity 150 of chamber 120. Microphone 110 may be
mounted at any position within chamber 120. In one advan-
tageous embodiment of the present invention shown in FIG.
1 microphone 110 is mounted within one of the side walls
130 of chamber 120. In an alternate advantageous embodi-
ment of the present invention shown in FIG. 2 microphone
110 is mounted within one of the end walls 140 of chamber
120. Microphone 110 also has microphone output cables,
170 and 180, for coupling microphone 110 to other elec-
tronic equipment (not shown in FIG. 1 or FIG. 2).

[0061] The side walls 130 (and end walls 140) of chamber
120 are constructed of material that is not completely rigid.
The material 15 used to construct the walls, 130 and 140,
may be thin metal or plastic. Because the walls, 130 and 140,
are not completely rigid, they are capable of expanding and
contracting (i.e., moving inwardly and outwardly) with
respect to the interior of cavity 150 of chamber 120. The
ability of the walls, 130 and 140, of sensor 100 to expand
and contract in response to the presence of waves of low
frequency acoustical energy in chamber 120 is a key feature
of the present invention.

[0062] When acoustical energy from a source (not shown)
reaches chamber 120 of sensor 100 the acoustical energy
contains both high frequency acoustic signal components
and low frequency acoustic signal components. The walls
130 and the end walls 140 of chamber 120 of sensor 100
expand and contract in response to the presence of the very
low frequency acoustic signal components. The presence of
waves of very low frequency acoustic energy in chamber
120 of sensor 100 cause the walls, 130 and 140, of chamber
120 to expand and contract by extremely small amounts.

[0063] The extremely small expansions and contractions
of the walls, 130 and 140, of chamber 120 of sensor 100 in
response to the presence of very low frequency acoustic
signals cause the molecules of fluid in chamber 120 (usually
molecules of air) to move in low frequency waves through-
out the cavity 150 of chamber 120. Microphone 110 is
capable of detecting the low frequency waves of molecules
of fluid in chamber 120 that are caused by the low frequency
acoustic signal components in the acoustical energy that
cause the walls, 130 and 140, of chamber 120 to expand and
contract.
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[0064] When microphone 110 receives low frequency
acoustic signals then microphone 110 generates electronic
signals indicative of the intensity of the low frequency
acoustic signals. Electronic processing circuits (shown in
FIGS. 6A, 6B and 6C) in a physiological condition monitor
700 (shown in FIG. 7) are coupled to microphone 110
through microphone output cables, 170 and 180, to receive
and analyze the electronic signals that are indicative of the
intensity of the low frequency acoustic signals.

[0065] The electronic processing circuits comprise elec-
tronic filters for filtering out all components of the signal that
are outside the frequency range of one tenth Hertz (0.1 Hz)
to thirty Hertz (30.0 Hz). The electronic processing circuits
also comprise electronic filters for filtering out all compo-
nents of the signal that are outside the frequency range of
one tenth Hertz (0.1 Hz) to two Hertz (2.0 Hz) to obtain a
signal indicative of respiration. The electronic processing
circuits also comprise electronic filters for filtering out all
components of the signal that are outside the frequency
range of ten Hertz (10.0 Hz) to thirty Hertz (30.0 Hz) to
obtain a signal indicative of cardiac activity.

[0066] Prior art sensors directly detect higher frequency
sounds that are made by the lungs during respiration or by
the heart during cardiac activity. Sensor 100 of the present
invention, however, obtains information by detecting very
low frequency signals caused by the motion of the chest
during respiration and by detecting very low frequency
signals associated with cardiac activity. Almost all of the
noise components in an acoustic signal have frequencies that
are above the very low frequency range. Using the method
of the present invention to exclude the higher frequencies of
sound (and noise), sensor 100 of the present invention
eliminates almost all the noise artifacts from the acoustic
signal.

[0067] An alternate advantageous embodiment of the
present invention is shown in FIG. 3. The embodiment
shown in FIG. 3 is similar to that shown in FIG. 2 except
that chamber 120 of sensor 100 comprises an open ended
tube having portions that form an aperture 300. In this
embodiment cavity 150 of chamber 120 has access to the
surrounding atmosphere through aperture 300 in the open
end of the tube. In the embodiment shown in FIG. 3
microphone 110 is placed within the end wall 140 of the
closed end of the tube. Alternatively, microphone 110 could
be placed within a side wall 130 of an open ended tube. This
embodiment shows that it is possible to practice the inven-
tion where the fluid in chamber 120 is air that has access to
the air of the surrounding environment.

[0068] Although chamber 120 of sensor 100 has been
shown in the shape and form of a tube, it is clear that the
invention may be practiced with a chamber 120 of sensor
100 that has a different type of shape and form. One such

alternate embodiment of the present invention is shown in
FIG. 4.

[0069] FIG. 4 shows an exploded view of an alternate
advantageous embodiment of sensor 100 of the present
invention. Sensor 100 comprises microphone 110 mounted
within chamber 120. Microphone 110 may be mounted at
any position on the interior surface of the bottom 410 of
chamber 120. In the embodiment of the invention shown in
FIG. 4 the shape of chamber 120 is rectangular. However,
the shape of chamber 120 may be circular, elliptical, or of
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irregular shape. The height of the walls 420 of chamber 120
are greater than the height of microphone 110 so that the face
160 or microphone 110 is contained within chamber 120.

[0070] Membrane 430 covers the top of chamber 120.
Membrane 430 has a shape that matches the shape of the top
of chamber 120. In the embodiment of sensor 100 shown in
FIG. 4, that shape is rectangular. When membrane 430 is
attached to the top edges of the walls 420 of chamber 120,
then a cavity 440 is formed between membrane 430 and
walls 420 and bottom 410 of chamber 120. In one advan-
tageous embodiment of the present invention, the height of
the walls 420 are only slightly greater than the height of
microphone 110 so that the face 160 of microphone 110 is
positioned near membrane 430.

[0071] In one advantageous embodiment of the present
invention membrane 430 is made of urethane. However,
membrane 430 may also be made of other suitable materials.
Before membrane 430 is attached to the top of chamber 120
membrane 430 is slightly stretched. The slight stretching of
membrane 430 is to make membrane 430 taut across the top
of chamber 120.

[0072] When sensor 100 is used to detect acoustic signals
indicative of physiological conditions, chamber 120 is
placed next to the body (not shown) of the person whose
physiological conditions are being monitored. Chamber 120
is placed with the outer surface of membrane 430 adjacent
to a selected area of the body. It is not necessary that
membrane 430 touch the skin of the body. There may be a
layer of clothing between the skin of the body and mem-
brane 430. Membrane 430 is thereby acoustically coupled to
the area of the body where membrane 430 is placed.

[0073] Membrane 430 acquires very low frequency acous-
tic signals in the form of vibrations from the area of the body
to which it is acoustically coupled. That is, as the very low
frequency acoustic vibrations from the body impinge upon
membrane 430 they cause membrane 430 to vibrate. These
vibrations of membrane 430 cause the very low frequency
acoustic vibrations 10 pass into cavity 440 of chamber 120.
The very low frequency acoustic vibrations resonate within
the enclosed space of cavity 440.

[0074] FIG. 5 shows a cross sectional view of sensor 100
showing cavity 440 and one possible location for the place-
ment of microphone 110 within cavity 440. Microphone 110
detects the very low frequency acoustic vibrations that are
resonating within cavity 440.

[0075] The interaction of membrane 430 and resonant
cavity 440 increases the amplitude of the very low frequency
acoustic signals from the body so that microphone 110 may
more easily detect the signals. The interaction of membrane
430 and resonant cavity 440 accomplishes this increase
in-acoustic signal strength by forming an acoustic echo
chamber in which membrane 430 acts as a drumhead and
resonant cavity 440 acts as a drum. The resonance of the
very low frequency acoustic signals within resonant cavity
440 causes the amplitudes of the acoustic waves within
resonant cavity 440 to combine in phase and thereby
increase the acoustic signal strength of the acoustic signals
that were originally incident on membrane 430.

[0076] The increase in amplitude of the signals provided
by the interaction of membrane 430 and resonant cavity 440
enables microphone 110 to efficiently detect signals in the
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very low frequency range of one tenth Hertz (0.1 Hz) to
thirty Hertz (30.0 Hz). This very low frequency range
includes the very low frequency range used to detect respi-
ration signals (i.e., one tenth Hertz (0.1 Hz) to two Hertz (2.0
Hz)) and the very low frequency range used to detect cardiac
information signals (i.e., ten Hertz (10.0 Hz) to thirty Hertz
(30.0 Hz)). The interaction of membrane 430 and resonant
cavity 440 assists microphone 110 in detecting very low
acoustic signals in the required signal ranges.

[0077] To improve reception of the very low frequency
acoustic signals, the surface area of membrane 430 is larger
than the surface area of the face 160 of microphone 110. In
an advantageous embodiment of the present invention the
surface area of membrane 430 is at least five (5) times
greater than the surface area of the face 160 of microphone
110. The presence of membrane 430 significantly increases
the area which may be acoustically coupled to microphone
110. The relatively large area of membrane 430 permits
larger areas of a body to be analyzed than would otherwise
be possible.

[0078] When microphone 110 receives low frequency
acoustic signals then microphone 110 generates electronic
signals indicative of the intensity of the low frequency
acoustic signals. As described more fully below, electronic
processing circuits in physiological condition monitor 700
are coupled to microphone 110 through microphone output
cables, 170 and 180, to receive and analyze the electronic
signals that are indicative of the intensity of the low fre-
quency acoustic signals.

[0079] FIG. 6A, 6B and 6C illustrate circuit diagrams of
an advantageous embodiment of circuitry for processing
electrical signals from the microphone of the present inven-
tion. As shown in FIG. 6A, microphone output cable 180 is
grounded and microphone output cable 170 is coupled to the
positive input of operational a amplifier 610. The output of
operational amplifier 610 is fed back to the negative input of
operational amplifier 610 in order to configure operational
amplifier 610 as a voltage follower (also known as a buffer
amplifier circuit). The voltage follower configuration of
operational amplifier 610 acts as a current amplifier for the
signal current from microphone 110. The signal current that
is output from operational amplifier 610 is an amplified
version of the signal current from microphone 110. Opera-
tional amplifier 610 may be of the type manufactured by
Texas Instruments Corporation with product model number
TLV2211.

[0080] One end of a resistor R1 having a very large value
is coupled to the signal line between microphone 110 and
operational amplifier 610. The other end of resistor R1 is
coupled to a reference voltage Vypp. A typical value of R1
is one teraohm (1.0 T). One teraohm is equal to one million
million ohms. A very large resistance is needed to facilitate
the signal processing of the very low frequency signals
detected by microphone 110. A typical value for reference
voltage Vygp is one half of the voltage of the power supply
battery.

[0081] The output signal from operational amplifier 610 is
coupled via capacitor C1 to the positive input of operational
amplifier 620. Operational amplifier 620 forms part of low
bandpass filter circuit 630. Operational amplifier 620 may be
of the type manufactured by Texas Instruments Corporation
with product model number TLV2211.
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[0082] A typical value of capacitor Cl is forty seven
hundredths of a microfarad (0.47 uF). One end of resistor R2
is coupled to the signal line between capacitor C1 and
operational amplifier 620. The other end of resistor R2 is
coupled to the reference voltage Vigg. A typical value of R2
is five and one tenth megohms (5.1 M).

[0083] Low bandpass filter circuit 630 comprises a double
pole switch S1 for adjusting the value of the resistance that
is coupled in parallel with capacitor C2. When both poles of
switch S1 are in the open position, both resistor RS and
resistor R6 are excluded from the circuit. Resistor RS or
resistor R6 (or both) can be selectively included in the circuit
by closing the appropriate pole (or both poles) of switch S1.

[0084] A typical value for capacitor C2 is thirty three
thousands of a microfarad (0.033 uF). A typical value for
resistor R3 is five hundred ten kilohms (510.0 K) and a
typical value for resistor R4 is two megohms (2.0 M). A
typical value for resistor RS is one megohm (1.0 K) and a
typical value for resistor R6 is two megohms (2.0 M)

[0085] The output of operational amplifier 620 of low

bandpass filter circuit 630 appears at the output terminal
640.

[0086] FIG. 6B illustrates reference voltage generator
circuit 660. The output of reference voltage generator circuit
660 is the reference voltage Vypp. The battery voltage V.
is coupled via resistor R7 to the positive input of operational
amplifier 650. Operational amplifier 650 forms part of the
reference voltage generator circuit 660. Operational ampli-
fier 650 may be of the type manufactured by Texas Instru-
ments Corporation with product model number TLV2211. A
typical value of resistor R7 is five and one tenth megohms
G1M).

[0087] One end of resistor R8 is coupled to the signal line
between resistor R7 and operational amplifier 650. The other
end of resistor R8 is grounded. Capacitor C3 is coupled in
parallel with resistor R8. A typical value of resistor R8 is five
and one tenth megohms (5.1 M). A typical value for capaci-
tor C3 is one hundredth of a microfarad (0.01 uF).

[0088] The output of operational amplifier 650 of refer-
ence voltage generator circuit 660 appears at the output
terminal 670 as V.. The reference voltage Vi g is coupled

to the ends of resistor R1, resistor R2 and resistor R3 as
indicated in FIG. 6A.

[0089] FIG. 6C shows high bandpass filter circuit 680.
High bandpass filter circuit 680 comprises operational
amplifier 690. Operational amplifier 690 may be of the type
manufactured by Texas Instruments Corporation with prod-
uct model number TLV2211.

[0090] One end of resistor RY is coupled to the signal line
between capacitor C1 and operational amplifier 620. The
other end of resistor R9 is coupled to capacitor C4. A typical
value of resistor R9 is thirty three kilohms (33 K). A typical
value of capacitor C4 is forty seven hundredths of a micro-
farad (0.47 uF). The output of capacitor C4 is coupled to the
negative input of operational amplifier 690. The output of
operational amplifier 690 is fed back via resistor R10 to the
negative input of operational amplifier 690. The positive
input of operational amplifier 690 is grounded. the A typical
value of resistor R10 is thirty three kilohms (33 K) The
output of operational amplifier 690 of high bandpass filter
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circuit 680 appears at the output terminal 695. The function
of high bandpass filter circuit 680 may also be accomplished
by utilizing digital signal processing methods. For example,
the Fast Fourier Transform method may be utilized to
perform the function of high bandpass filter 680.

[0091] FIG. 7 is a block diagram of an advantageous
embodiment of a physiological condition monitor 700 that
utilizes the low frequency microphone sensor 100 of the
present invention. As previously described, low frequency
microphone sensor 100 receives low frequency signals from
the body (mot shown) of a person whose physiological
conditions are being monitored. Low frequency microphone
sensor 100 detects and amplifies those signals as previously
described.

[0092] As shown in FIG. 7, the output of low frequency
microphone sensor 100 is coupled to an input of low
bandpass filter 710. Low bandpass filter 710 screens out all
frequencies except those frequencies in the frequency band-
width range from one tenth Hertz (0.1 Hz) to two Hertz (2.0
Hz). Low bandpass filter 710 may comprise conventional
electronic filter circuits. Low bandpass filter 710 may also
comprise electronic circuitry that utilizes computer software
to achieve the bandpass filter function by digital signal
processing. The output of low bandpass filter 710 is a
digitally encoded very low frequency signal representative
of the respiration of the person being monitored.

[0093] The output of low frequency microphone sensor
100 is also coupled to an input of high bandpass filter 720.
High bandpass filter 720 screens out all frequencies except
those frequencies in the frequency bandwidth range from ten
Hertz (10.0 Hz) to thirty Hertz (30.0 Hz). High bandpass
filter 720 may comprise conventional electronic filter cir-
cuits. High bandpass filter 720 may also comprise electronic
circuitry that utilizes computer software to achieve the
bandpass filter function by digital signal processing. The
output of high bandpass filter 720 is a digitally encoded very
low frequency signal representative of the cardiac activity of
the person being monitored.

[0094] The output of low bandpass filter 710 and the
output of high bandpass filter 720 are coupled to processor
unit 730. Processor unit 730 is capable of receiving digitally
encoded signals from low bandpass filter 710 and from high
bandpass filter 720. Battery 735 is coupled to processor unit
730 and is capable of supplying electrical power for the
operation of processor unit 730. Although battery 735 is
shown coupled only to processor unit 730 in FIG. 7, battery
735 is connected to and provides power to all components of
physiological condition monitor 700 through other electrical
connections (not shown). Processor unit 730 is capable of
detecting a signal from battery 735 that indicates that the
voltage level of battery 735 is low.

[0095] 1In one embodiment of the present invention, pro-
cessor unit 730 is coupled to radio frequency transmitter
740, which is itself coupled to antenna 750. Processor unit
730 is capable of selectively causing radio frequency trans-
mitter 740 to transmit digitally encoded signals from low
band pass filter 710 and digitally encoded signals from high
band pass filter 720 to base station unit 760 via transmitter
740 and antenna 750. The digitally encoded signals are
received by base station unit 760 via antenna 765. The
received signals may then be displayed and analyzed at base
station unit 760.
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[0096] Processor unit 730 is capable of causing radio
frequency transmitter 740 to transmit a signal to base station
unit 760 that indicates that the voltage level of battery 735
is low. Processor unit 730 is also capable of causing radio
frequency transmitter 740 to transmit a signal to base station
unit 760 that indicates that processor unit 730 is not receiv-
ing. signals from low bandpass filter 710 or from high
bandpass filter 720. That is, processor unit 730 can transmit
to base station unit 760 a signal indicating that one (or both)
of the physiological conditions (breathing and heartbeat) is
not being monitored.

[0097] Base station unit 760 is capable of sounding an
alarm if an analysis of the received signals indicates an
abnormal condition in the person being monitored. Base
station unit 760 comprises speaker 767 which may be
activated to sound an alarm when base station unit 760
receives one or more signals indicating that (1) the person’s
breathing is irregular or has stopped, (2) the person’s heart-
beat is irregular or has stopped, or (3) the person’s breathing
is not being monitored, or (4) the person’s heartbeat is not
being monitored, or (5) the battery voltage level is too low.
Base station 760 is to be placed where a care giver who is
monitoring base station 760 can hear the alarm whenever the
alarm sounds.

[0098] In this manner, the person’s care giver can imme-
diately respond to the alarm to. determine what condition
exists. If the person is in physiological distress, the person’s
care giver can immediately attempt to relieve that distress.
For example, if the person has ceased breathing, the care
giver could immediately administer cardiopulmonary resus-
citation (CPR) to the person. If the alarm indicates a low
battery or failure of monitoring function, remedial steps can
be taken immediately.

[0099] 1In one advantageous embodiment of physiological
condition monitor 700, a monitor housing 800 contains low
frequency microphone sensor 100, low bandpass filter 710,
high bandpass filter 720, processor unit 730, battery 735,
transmitter 740 and antenna 750. An advantageous embodi-
ment of monitor housing 800 will be described in connection
with FIGS. 8 to 21. Monitor housing 800 is capable of being
coupled to a belt, harness or item of clothing that may be
worn by the person being monitored. In this embodiment of
physiological condition monitor 700 the movements of the
person being monitored are not restricted.

[0100] In an alternate advantageous embodiment of physi-
ological condition monitor 700 processor unit 730 is coupled
to recording device 770. Processor unit 730 sends digitally
encoded signals from low band pass filter 710 and digitally
encoded signals from high band pass filter 720 to recording
device 770. Recording device 770 is preferably a non-
volatile data storage device such as a magnetic tape recorder
or a flash memory data storage card. A non-volatile data
storage device is a device that retains the data stored in it
when external power to the device is shut off.

[0101] In an additional advantageous embodiment of
physiological condition monitor 700 processor unit 730 is
coupled to network interface unit 780. Network interface
unit 780 is capable of being coupled to a computer network
such as a local area network (LAN), or a wide area network
(WAN), or the Internet. The connection of network interface
unit 780 to a computer network may be a wired connection
or wireless connection.
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[0102] In FIG. 7 network interface unit 780 is shown
coupled to the Internet 790 via an Internet protocol router
785. Processor unit 730 sends digitally encoded signals from
low band pass filter 710 and digitally encoded signals from
high band pass filter 720 to network interface unit 780.
Network interface unit 780 adapts the data to be transmitted
via Internet protocol router 785 to the Internet 790. In this
manner the data can be sent to medical monitoring station
795 at a remote location. Medical monitoring station 795 can
be located in a hospital, a doctor’s office, a clinic, a care
giver facility, or any similar type of location.

[0103] In an alternate advantageous embodiment of physi-
ological condition monitor 700 processor unit 730 is not
coupled to transmitter 740 and to antenna 750. Instead
processor unit 730 is coupled directly by wire to a wired
base station unit (not shown) of the type described above.
The wired base station unit is usually located in a console by
the bed or chair of the person being monitored. As in the
previously described case of base station unit 760, the wired
base station unit is capable of displaying and analyzing
digitally encoded signals from processor unit 730. The wired
base station unit is capable of sounding an alarm if an
analysis of the digitally encoded signals indicates an abnor-
mal condition in the person being monitored. In this embodi-
ment the wires coupling the physiological condition monitor
700 to the wired base unit do restrict the movements of the
person being monitored.

[0104] FIGS. 8 though 21 depict an advantageous embodi-
ment of monitor housing 800 of physiological condition
monitor 700 that is shown in FIG. 7. FIG. 8 shows a
perspective top view of monitor housing 8§00. FIG. 9 shows
a perspective bottom view of monitor housing 800. The top
half of monitor housing 800 comprises a top housing 810
and the bottom half of monitor housing 800 comprises a
bottom housing 820. As shown in FIG. 8 and FIG. 9, top
housing 810 and bottom housing 820 fit together to enclose
the elements of physiological condition monitor 700. Top
housing 810 and bottom housing 820 are formed having
portions that define a cavity within monitor housing 800 to
receive battery 735 that is shown in FIG. 7. In this embodi-
ment battery 735 is a flat, cylindrically symmetrical, coin-
shaped battery of the type commonly used in cameras and
other portable electronic equipment.

[0105] Bottom housing 820 is formed having portions that
receive a battery door 830 that may be opened and closed to
allow access to place and remove battery 735 within the
interior of monitor housing 800. Battery door 830 is pivot-
ally connected to bottom housing 820 and may be opened
and closed by pivotally moving battery door 830 with
respect to bottom housing 820. Battery door 830 is shown in
closed position in FIG. 9.

[0106] The outer surface of membrane 430 of low fre-
quency microphone sensor 100 is also shown in FIG. 9. In
this advantageous embodiment of the present invention,
membrane 430 (and cavity 440) has an geometrically irregu-
lar shape. The shape generally comprises two curves of
different radii spaced apart and bounded on the ends by
relatively flat surfaces.

[0107] FIG. 10 shows an exploded view of monitor hous-
ing 800. Top housing 810 has portions that receive a pivotal
hinge boss 1010 and allow hinge boss 1010 to rotate. Hinge
boss 1010 pivotally couples battery door 830 to top housing
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810 and bottom housing 820. Battery door 830 is formed
having portions that define a passageway 1020 through
battery door 830 for receiving the lower end of hinge boss
1010. After the lower end of hinge boss 1010 has been
placed through passageway 1020 of battery door 830, retain-
ing ring 1030 fastens battery door 830 to hinge boss 1010.

[0108] In FIG. 10 battery 735 is shown in position within
monitor housing 800. Battery support plate 1040 covers the
top of battery 735 and only the lower edge of battery 735 is
visible in FIG. 10. Two battery retaining pins 1050 are
placed along the interior of bottom housing 820 to keep
battery 735 in its place within monitor housing 800 and to
contact the positive and negative terminals of battery 735.

[0109] Microphone 110 of low frequency microphone
sensor 100 is shown in FIG. 10. To support microphone 110
within the structure of monitor housing 800 microphone 110
is placed through microphone sleeve 1060. In this advanta-
geous embodiment of the invention microphone 110 extends
through an aperture 1070 in the bottom of chamber 120 and
extends into cavity 440. The interior of chamber 120 and
cavity 440 are not visible in FIG. 10.

[0110] Printed circuit board 1080 supports the electronic
circuitry of physiological condition monitor 700 that has
been previously described. Lens 1090 1s provided to permit
a signal light such as a light emitting diode (not shown) to
send signals concerning the operational status of physiologi-
cal condition monitor 700.

[0111] FIG. 11 is a plan view of the top housing 810 of
monitor housing 800. The location of hinge boss 1010 is
shown at one corner of top housing 810. Also shown are the
locations of four passageways 1110 for receiving fasteners
such as screws (not shown) for fastening top housing 810 to
bottom housing 820. The location of lens 1090 is also
shown. The rectangles that are shown in dotted outline in the
center of the plan view of top housing 810 represent the
locations of electronic circuitry (such as processor unit 730)
that are mounted on underlying printed circuit board 1080.
The two circles that are visible in the center of the plan view
of top housing 810 represent the locations of two receptacles
1120 for receiving fasteners such as screws (not shown) for
printed circuit board 1080 to top housing 810.

[0112] FIG. 12 is a plan view of bottom of the assembled
monitor housing 800. The location of hinge boss 1010 and
retaining ring 1030 is shown at one corner of bottom housing
820. Battery door 830 is shown in its closed position. Also
shown are the locations of four passageways 1110 for
receiving fasteners such as screws (not shown) for fastening
top housing 810 to bottom housing 820. The rectangles that
are shown in dotted outline in the center of bottom housing
820 represent the locations of electronic circuitry (such as
processor unit 730) that are mounted on underlying printed
circuit board 1080. The location of microphone 110 within
cavity 440 is also shown. Membrane 430 (not shown in FIG.
12) covers the top of cavity 440.

[0113] FIG. 13 is a cross sectional view of top housing
810 of monitor housing 800 taken along line 13-13 of FIG.
11. Aside view of receptacle 1120 is shown. Because the line
13-13 takes a right angle turn, only one receptacle 1110 is
shown. FIG. 14 is a cross sectional view of top housing 810
of monitor housing 800 taken along line 14-14 of FIG. 11.
Both receptacles 1320 are shown. Also shown is the location
of hinge boss 1010.
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[0114] FIG. 15 is a plan view of bottom housing 8§20 of
monitor housing 800. The location of microphone 110 is
shown. Also shown in the location and shape of membrane
430 and the underlying cavity 440 (not shown in FIG. 15).
The location of fastener receptacles 1110 are also shown.
The circular area 1510 shows the location of battery 735 (not
shown in FIG. 15) within monitor housing 800. Oblong area
1520 shows the location of battery door 830 (also not shown
in FIG. 15).

[0115] FIG. 16 is a side elevation view of bottom housing
820 of monitor housing 800 taken along line 16-16 of FIG.
15. A portion of the bottom of bottom housing 820 is covered
with membrane 430. The location of cavity 440 in bottom
housing 820 is shown. Also shown is the location of micro-
phone 110 and fastener receptacles 1110. FIG. 17 is an end
elevation view of bottom housing 820 of monitor housing
800 taken along line 17-17 of FIG. 15. FIG. 17 also shows
the location of membrane 430, cavity 440 and microphone
110.

[0116] FIG. 18 is a plan view of battery door 830 of
monitor housing 800. The shape of battery door 830 fits the
oblong area 1520 shown in FIG. 15. As previously men-
tioned, battery door 830 is formed having portions that
define a passageway 1020 through battery door 830 for
receiving the lower end of hinge boss 1010. Passageway
1020 is shown in FIG. 18. Also shown is latch 1810 for
latching battery door 830 after it has been closed. FIG. 19
is a side elevation view of battery door 830 of monitor
housing 800 taken along line 19-19 of FIG. 18. FIG. 20 is
an end elevation view of battery door 830 of monitor
housing 800 taken along line 20-20 of FIG. 18.

[0117] FIG. 21 is a perspective bottom view of monitor
housing 800 of physiological condition monitor 700 show-
ing battery door 830 in an open position and showing the
placement of battery 735 in monitor housing 800. The
location of microphone 110 within cavity 440 is shown. The
end of hinge boss 1010 and retaining ring 1030 are also
shown.

[0118] The present invention may also be used in con-
junction with physiological condition monitors that monitor
the movement and position orientation of a body. A physi-
ological condition monitor that monitors the movement and
position orientation of a body is described in U.S. patent
application Ser. No. 09/396,991 filed Sep. 15, 1999 by
Lehrman et al. entitled “Systems for Evaluating Movement
of a Body and Methods of Operating the Same.” U.S. patent
application Ser. No. 09/396,991 is hereby incorporated
herein by reference for all purposes.

[0119] FIG. 22 is an exploded perspective view of physi-
ological condition monitor 2200 for obtaining data relating
to the movement and the position orientation of a body.
Monitor 2200 measures and distinguishes selected accelera-
tive events of a body (not shown). As used in this disclosure,
the phrases “accelerative events” or “accelerative phenom-
ena” are defined as occurrences of change in velocity of the
body (or acceleration), whether in magnitude, direction or
both.

[0120] Monitor 2200 includes circuit boards 2213 and
2215 (connected boards at right angles to one another) that
are associated with a housing (generally designated 2217)
utilizing known mounting techniques. Exemplary housing
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2217 (and monitor 2200, for that matter), when assembled,
is approximately one centimeter thick and is approximately
five centimeters across in any direction.

[0121] Housing 2217 may comprise, for example, exem-
plary housing halves 2219 and 2221 that encase boards 2213
and 2215, although those skilled in the art will understand
that any configuration suitable for a particular implementa-
tion of the invention may be arranged.

[0122] Exemplary rear half 2221, is provided with a clip
2223 for associating monitor 2200 with the body (e.g.,
people, animals, objects of various sorts, etc.). Exemplary
clip 2223 is shown as a mechanical spring-type clip, but
could be any known attachment device or system, including
either mechanical or chemical attachment systems, or any

other suitable means for associating monitor 2200 with the
body.

[0123] Monitor 2200 includes a processor (shown in FIG.
23) and a sensor 2225. Exemplary sensor 2225 operates to
sense accelerative phenomena of the body, and is mounted
on circuit board 2213 with x and y axes 2227 and 2229,
respectively, oriented thereat (though other orientations
could be utilized).

[0124] Sensor 2225 is illustratively shown as a plural-axis
(dual shown) acceleration measuring device suitably
mounted on a single monolithic integrated circuit (one
conventional sensor is an accelerometer available from
Analog Devices, Inc., located at One Technology Way,
Norwood, Mass., United States of America, namely, Model
No. ADXL202). Sensor 2225 includes polysilicon surface-
micromachined sensor layer 2231 built on top of silicon
wafer 2233. Polysilicon springs 2235 resiliently suspend
sensor layer 2231 over the surface of wafer 2233 providing
resistance against acceleration forces. Deflection of the
sensor layer is measured using a differential capacitor
formed by independent fixed and central plates, the fixed
plates driven by 180° out of phase square waves having
amplitude proportional to acceleration. Signal outputs from
cach axis of sensor 2225 are conditioned (i.c., phase sensi-
tive demodulation and low pass filtering) and presented at
analog output nodes. While not utilized in the primary
advantageous embodiment of this invention, the Analog
Devices’ accelerometer is operable to convert the analog
signals to duty cycle modulated (“DCM”) signals at a DCM
stage providing digital output signals capable of being
directly counted at a processor.

[0125] While techniques for reconstructing analog signals
from the digital output signals may suitably be utilized (¢.g.,
passing the duty cycle signals though an RC filter), thereby
allowing use of the digital signal output of a sensor of
monitor 2200 hereof. Use of the analog signal outputs has
been found advantageous due to the increased bandwidth
availability (0.01 Hz to 5 kHz, adjustable at capacitors at the
output nodes to bandlimit the nodes implementing low-pass
filtering for antialiasing and noise reduction), and thus
measuring sensitivity, attained. A typical noise floor of 500
ug/Hz is achieved, thereby allowing signals below 5 mg to
be resolved for bandwidths below 60 Hz.

[0126] According to the illustrated embodiment, sensor
2225 generates analog output voltage signals corresponding
to measurements in the x and y axes, which include both an
ac voltage component proportional to G forces (ie.,
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dynamic acceleration component related to vibrations of
sensor layer 2231) and a dc voltage component proportional
to an angle relative to earth (i.c., static acceleration compo-
nent related to gravity). This open loop acceleration mea-
surement architecture, capable of measuring both static and
dynamic acceleration, can thus be utilized to determine
position of a body by measuring both the x and y output
voltages simultaneously, as well as measure forces of impact
experienced by a body. This information comprises state
indicia, and utilizing both signal components from both
outputs, the sensed accelerative phenomena of the body may
subsequently be processed to distinguish a variety of accel-
erative phenomena and, ultimately, to selectively act based
on the distinctions, as is described in detail hereafter to
determine whether the evaluated body movement is normal
or abnormal, and, if abnormal, whether the same is within
tolerance.

[0127] Tt is noted that the foregoing embodiment has been
introduced for illustrative purposes only. In alternate
embodiments, any sensor that is capable of sensing accel-
erative phenomena relative to a body may be used in lieu of,
or even in conjunction with, sensor 2225. Further, alternate
orientations of sensor 2225 may be used for different appli-
cations.

[0128] FIG. 23 is a block diagram of one embodiment of
physiological condition monitor 2200 showing the intercon-
nection of the monitor components. The illustrated embodi-
ment includes processing circuitry 2339, indicating circuit
2341, power supply 2367, and a switch 2368, along with
sensor 2225.

[0129] Exemplary processing circuitry 2339 illustratively
includes a processor 2347 and buffer amplifiers 2343 and
2345 that buffer the analog x and y outputs from sensor
2225. Exemplary processor 2347, which is associated with
sensor 2225, is capable of processing the sensed accelerative
phenomena as a function of at least one accelerative event
characteristic to thereby determine whether an evaluated
body movement is within environmental tolerance. Proces-
sor 2347 also preferably generates state indicia while pro-
cessing the sensed accelerative phenomena, which may
represent the state of the body within the environment over
time. Processor 2347 is associated with a crystal oscillator/
clock 2349, switch (DIP) inputs 2351, an analog-digital
conversion circuitry 2353 and a DSP filter 2355 (one con-
ventional processor is available from Texas Instruments,
Inc., located in Dallas, Tex., United States of America,
namely, Model No. MSP430P325).

[0130] Exemplary indicating circuit 2341, in response to
direction from processor 2347, is operable to at least one of
initiate an alarm event; communicate such state, or toler-
ance, indicia to a monitoring controller; generate statistics;
etc. Indicating circuit 2341 may take any number of forms,
however, for use in monitor 2200 of one advantageous
embodiment, stage 2341 is an RF transmitter including RF
modulator 2361 enabled by processor 2347. Exemplary data
is presented and modulated at modulator 2361, amplified at
amplifier 2363 and transmitted at antenna 2365 (to a remote
receiver unit as discussed hereinafter).

[0131] According to the present embodiment, power for
the various components of monitor 2200 is provided by
power supply 2367, which illustratively is a 3.6 volt battery.
Low power management may suitably be under the control
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of processor 2347 utilizing exemplary switched/power sup-
ply voltage FET switch 2368 at sensor 2225, which provides
power only during sampling cycles, and operates to shut
components down during non-use cycles. For instance,
processor 2347 may be taken off-line when processing is
complete, reducing current drain.

[0132] Tt should be noted that the various circuitry dis-
cussed heretofore has been introduced herein for illustrative
purposes only. Monitor 2200 may be implemented using any
suitably arranged computer or other processing system
including micro, personal, mini, mainframe or super com-
puters, as well as network combinations of two or more of
the same. In point of fact, in one advantageous embodiment,
sensor 2225 and processor 2347 are not co-located, but
rather associated wirelessly. To that end, the principles of the
present invention may be implemented in any appropriately
arranged device having processing circuitry. Processing
circuitry may include one or more conventional processors,
programmable logic devices, such as programmable array
logic (“PALs”) and programmable logic arrays (“PLAs”),
digital signal processors (“DSPs”), field programmable gate
arrays (“FPGAs”), application specific integrated circuits
(“ASICs”), large scale integrated circuits (“LSIs”), very
large scale integrated circuits (“VLSIs”) or the like, to form
the various types of circuitry, processors, controllers or
systems described and claimed herein.

[0133] A detailed description of the method of operation
of monitor 2200 is set forth in previously referenced U.S.
patent application Ser. No. 09/396,991 filed Sep. 15, 1999 by
Lehrman et al. entitled “Systems for Evaluating Movement
of a Body and Methods of Operating the Same.”

[0134] FIG. 24 is a block diagram of one embodiment of
physiological condition monitor 2400 utilized in conjunc-
tion with the present invention. In one embodiment of the
present invention sensor 2225 is housed in housing 2217 as
previously described and coupled to processor unit 730
through wiring (not shown) that connects housing 2217 with
monitor housing 800. In another embodiment of the present
invention, sensor 2225 and its associated circuitry are

mounted directly on printed circuit board 1080 of monitor
housing 800.

[0135] These embodiments are illustrated in FIG. 24 in
block diagram form as physiological condition monitor
2400. This particular exemplary embodiment of physiologi-
cal condition monitor 2400 shows sensor 2225 coupled to
processor 730 via buffer amplifier 2343 and buffer amplifier
2345. Although battery 735 is shown coupled only to
processor 730, it is actually is coupled to and supplies
electrical power to all of the other components in embodi-
ment 2400 via other electrical connections (not shown).

[0136] Movement and position data from sensor 2225 may
be stored and utilized by processor unit 730 in accordance
with the principles that have previously been described.
Specifically, processor 730 is coupled to recording device
770. Processor 730 is capable of sending movement and
position data signals from sensor 2225 directly to recording
device 770.

[0137] Alternatively, the movement and position data
from sensor 2225 may be transmitted via transmitter 740 and
antenna 750 to base station unit 760. Alternatively, the
movement and position data from sensor 2225 may be sent
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to medical monitoring station 795 via network interface unit
780, Internet protocol router 785 and the Internet 790, as
previously described.

[0138] As shown in FIG. 24, sensor 2225 may be coupled
to processor 730 along with physiological information from
other physiological condition monitors such as respiration
signals from the low bandpass filter 710 and cardiac signals
from high bandpass filter 720. Other types of physiological
condition monitors may also be utilized concurrently. In this
manner different types of data may be collected simulta-
neously for the purpose of facilitating subsequent studies to
correlate the data.

[0139] Although the present invention has been described
with reference to monitoring the physiological conditions of
human beings, the present invention can also be used to
monitor the physiological conditions of vertebrate animals
such as dogs, cats, horses, and the like.

[0140] Although the present invention has been described
in detail, those skilled in the art should understand that they
can make various changes, substitutions and alterations
herein without departing from the spirit and scope of the
invention in its broadest form.

What is claimed is:

1. An apparatus for detecting very low frequency acoustic
signals and signals indicative of body orientation compris-
ing:

a low frequency sensor capable of being acoustically
coupled to a source of low frequency acoustic signals,
said low frequency sensor capable of receiving low
frequency acoustic signals in the frequency range of
one tenth Hertz to thirty Hertz and generating elec-
tronic signals indicative of the intensity of said low
frequency acoustic signals; and

an apparatus capable of evaluating movement of a body
relative to an environment of the type comprising:

a sensor, associable with said body, that senses accel-
erative phenomena of said body; and

a processor, associated with said sensor, that processes
said sensed accelerative phenomena as a function of
at least one accelerative event characteristic to
thereby determine whether said evaluated body
movement is within environmental tolerance.

2. An apparatus as claimed in claim 1 further comprising
signal processing circuitry coupled to said low frequency
sensor capable of processing said electronic signals from
said low frequency sensor to obtain electronic signals
indicative of the intensity of said low frequency acoustic
signals in the frequency range of one tenth Hertz to two
Hertz.

3. An apparatus as claimed in claim 1 further comprising
signal processing circuitry coupled to said low frequency
sensor capable of processing said clectronic signals from
said low frequency sensor to obtain electronic signals
indicative of the intensity of said low frequency acoustic
signals in the frequency range of ten Hertz to thirty Hertz.

4. The apparatus as claimed in claim 1 wherein said low
frequency sensor comprises:

a chamber capable of being acoustically coupled to a
source of acoustic signals, said chamber having por-
tions that define a cavity within said chamber; and
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a microphone capable of receiving low frequency acoustic
signals within said cavity of said chamber in the
frequency range of one tenth Hertz to thirty Hertz and
capable of generating electronic signals indicative of
the intensity of said low frequency acoustic signals.

5. The apparatus as claimed in claim 4 wherein said
chamber is a closed chamber filled with fluid.

6. The apparatus as claimed in claim 5 wherein said fluid
is air.

7. The apparatus as claimed in claim 4 wherein said
chamber is an open chamber filled with air.

8. The apparatus as claimed in claim 4 wherein said
chamber is formed having nonrigid walls.

9. The apparatus as claimed in claim 8 wherein said
nonrigid walls are capable of moving inwardly and out-
wardly with respect to the interior of said cavity in response
to the presence of low frequency acoustic energy.

10. An apparatus as claimed in claim 4 further comprising
signal processing circuitry coupled to said microphone
capable of processing said electronic signals from said
microphone to obtain electronic signals indicative of the
intensity of said low frequency acoustic signals in the
frequency range of one tenth Hertz to two Hertz.

11. An apparatus as claimed in claim 4 further comprising
signal processing circuitry coupled to said microphone
capable of processing said electronic signals from said
microphone sensor to obtain electronic signals indicative of
the intensity of said low frequency acoustic signals in the
frequency range of ten Hertz to thirty Hertz.

12. An apparatus for detecting very low frequency acous-
tic signals and signals indicative of body orientation com-
prising:

an apparatus capable of detecting very low frequency
acoustic signals in the frequency range of one tenth
Hertz to thirty Hertz comprising:

a chamber capable of being acoustically coupled to a
source of acoustic signals, said chamber having
portions that define a cavity within said chamber, and
said chamber having nonrigid walls capable of mov-
ing inwardly and outwardly with respect to the
interior of said cavity in response to the presence of
low frequency acoustic energy;

a microphone placed within said cavity of said chamber
capable of receiving low frequency acoustic signals
within said cavity of said chamber that are caused by
the inward and outward motion of said nonrigid
walls of said cavity, and capable of generating elec-
tronic signals indicative of the intensity of said low
frequency acoustic signals; and

an apparatus capable of evaluating movement of a body
relative to an environment of the type comprising;

a sensor, associable with said body, that senses accel-
erative phenomena of said body; and

a processor, associated with said sensor, that processes
said sensed accelerative phenomena as a function of
at least one accelerative event characteristic to
thereby determine whether said evaluated body
movement is within environmental tolerance.
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13. The apparatus as claimed in claim 4 further compris-
ing:

a membrane attached to said chamber covering said cavity
of said chamber, said membrane capable of moving in
response to very low frequency acoustic signals inci-
dent on said membrane to cause said very low fre-
quency acoustic signals to be transmitted through said
cavity to said microphone.

14. The apparatus as claimed in claim 13 wherein the
movements of said membrane amplify the intensity of said
very low frequency acoustic signals within said cavity.

15. The apparatus as claimed in claim 14 wherein said
movements of said membrane amplify the intensity of said
very low frequency acoustic signals within said cavity by
causing said very low frequency acoustic signals to resonate
within said cavity.

16. An apparatus as claimed in claim 13 further compris-
ing signal processing circuitry coupled to said microphone
capable of processing said electronic signals from said
microphone to obtain electronic signals indicative of the
intensity of said low frequency acoustic signals in the
frequency range of one tenth Hertz to two Hertz.

17. An apparatus as claimed in claim 13 further compris-
ing signal processing circuitry coupled to said microphone
capable of processing said electronic signals from said
microphone sensor to obtain electronic signals indicative of
the intensity of said low frequency acoustic signals in the
frequency range of ten Hertz to thirty Hertz.

18. The apparatus as claimed in claim 12 further com-
prising:

a membrane attached to said chamber covering said cavity
of said chamber, said membrane capable of moving in
response to very low frequency acoustic signals inci-
dent on said membrane to cause said very low fre-
quency acoustic signals to be transmitted through said
cavity to said microphone.

19. The apparatus as claimed in claim 18 wherein the
movements of said membrane amplify the intensity of said
very low frequency acoustic signals within said cavity.

20. The apparatus as claimed in claim 19 wherein said
movements of said membrane amplify the intensity of said
very low frequency acoustic signals within said cavity by
causing said very low frequency acoustic signals to resonate
within said cavity.

21. A physiological condition monitor for detecting very
low frequency acoustic signals of a person and signals
indicative of a person’s body orientation comprising:

a sensor capable of being acoustically coupled to the body
of the person being monitored and capable of receiving
low frequency acoustic signals in the range of one tenth
Hertz to thirty Hertz and capable of generating elec-
tronic signals indicative of the intensity of said low
frequency acoustic signals; and

a low bandpass filter coupled to said sensor capable of
processing said electronic signals from said sensor to
obtain digitally encoded electronic signals indicative of
the intensity of said low frequency acoustic signals in
the frequency range of one tenth Hertz to two Hertz,
said digitally encoded electronic signals being indica-
tive of respiration activity of the person being moni-
tored; and
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an apparatus capable of evaluating movement of a per-
son’s body relative to an environment of the type
comprising:

a sensor, associable with said body, that senses accel-
erative phenomena of said body; and

a processor, associated with said sensor, that processes
said sensed accelerative phenomena as a function of
at least one accelerative event characteristic to
thereby determine whether said evaluated body
movement is within environmental tolerance.

22. The physiological condition monitor claimed in claim
21 further comprising;

a high bandpass filter coupled to said sensor capable of
processing said electronic signals from said sensor to
obtain digitally encoded electronic signals indicative of
the intensity of said low frequency acoustic signals in
the frequency range of ten Hertz to thirty Hertz, said
digitally encoded electronic signals being indicative of
cardiac activity of the person being monitored.

23. The physiological condition monitor claimed in claim

22 further comprising;

a processor unit, said processor unit coupled to said low
bandpass filter capable of receiving said digitally
encoded electronic signals from said low bandpass
filter indicative of said respiration activity, and said
processor unit coupled to said high bandpass filter
capable of receiving said digitally encoded electronic
signals from said high bandpass filter indicative of said
cardiac activity; and

a recording device associated with said processor unit
capable of receiving from said processor unit digitally
encoded electronic signals representative of at least one
physiological condition and capable of recording said
electronic signals.

24. The physiological condition monitor as claimed in
claim 23 further comprising a transmitter coupled to said
processor unit capable of receiving digitally encoded elec-
tronic signals indicative of at least one physiological con-
dition, said transmitter including an antenna for transmitting
said digitally encoded electronic signals received from said
processor unit.

25. An apparatus for detecting very low frequency acous-
tic signals from a person and signals indicative of a person’s
body orientation without being directly coupled to the skin
of the person, said apparatus comprising;

a chamber having portions that define a cavity within said
chamber, said chamber capable of being acoustically
coupled to low frequency acoustic signals of the per-
son;

a microphone placed within said cavity of said chamber,
said microphone capable of receiving low frequency
acoustic signals in the frequency range of one tenth
Hertz to thirty Hertz and generating electronic signals
indicative of the intensity of said low frequency acous-
tic signals received by said microphone; and

a membrane attached to said chamber covering said cavity
of said chamber, said membrane capable of moving in
response to very low frequency acoustic signals inci-
dent upon said membrane to cause said very low
frequency acoustic signals to be transmitted through
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said cavity to said microphone, said membrane capable
of being acoustically coupled to said low frequency
acoustic signals of the person without directly contact-
ing the skin of the person; and

an apparatus capable of evaluating movement of a per-
son’s body relative to an environment of the type
comprising:

a sensor, associable with said body but not directly in
contact with the skin of the body of said person, that
senses accelerative phenomena of said body; and

a processor, associated with said sensor, that processes
said sensed accelerative phenomena as a function of
at least one accelerative event characteristic to
thereby determine whether said evaluated body
movement is within environmental tolerance.

26. A method for detecting very low frequency acoustic
signals and signals indicative of body orientation comprising
the steps of:

acoustically coupling a low frequency sensor to a source
of low frequency acoustic signals;

receiving in said low frequency sensor acoustic signals in
the range of one tenth Hertz to thirty Hertz;

generating in said low frequency sensor electronic signals
indicative of the intensity of said low frequency acous-
tic signals; and

processing repeatedly sensed accelerative phenomena of a
body as a function of at least one accelerative event
characteristic to thereby determine whether said evalu-
ated body movement is within environmental tolerance.

27. A method as claimed in claim 26 further comprising

the step of:

processing said electronic signals from said low fre-
quency sensor with signal processing circuitry; and

obtaining electronic signals indicative of the intensity of
said low frequency acoustic signals in the frequency
range of one tenth Hertz to two Hertz.
28. A method as claimed in claim 26 further comprising
the step of:

processing said electronic signals from said low fre-
quency sensor with signal processing circuitry; and

obtaining electronic signals indicative of the intensity of
said low frequency acoustic signals in the frequency
range of ten Hertz to thirty Hertz.
29. A method for detecting low frequency acoustic signals
and signals indicative of body orientation comprising the
steps of:

forming a chamber having portions that define a cavity
within said chamber;

placing a microphone within said cavity of said chamber;

acoustically coupling said chamber to a source of low
frequency acoustic signals;

receiving in said microphone acoustic signals in the range
of one tenth Hertz to thirty Hertz;

generating in said microphone electronic signals indica-
tive of the intensity of said low frequency acoustic
signals; and
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processing repeatedly sensed accelerative phenomena of a
body as a function of at least one accelerative event
characteristic to thereby determine whether said evalu-
ated body movement is within environmental tolerance.

30. A method as claimed in claim 29 comprising the

further steps of:

forming the walls of said chamber with nonrigid material
capable of moving inwardly and outwardly with respect
to the interior of said cavity in response to the presence
of low frequency acoustic energy; and

receiving in said microphone acoustic signals in the range
of one tenth Hertz to thirty Hertz within said cavity of
said chamber that are caused by the inward and out-
ward motion of said nonrigid walls of said cavity.
31. Amethod for detecting low frequency acoustic signals
and signals indicative of body orientation comprising the
steps of:

forming a chamber having portions that define a cavity
within said chamber;

placing a microphone within said cavity of said chamber;

attaching a membrane to said chamber wherein said
membrane covers said cavity of said chamber and
wherein said membrane is capable of moving in
response to very low frequency acoustic signals inci-
dent on said membrane;

acoustically coupling said membrane to a source of low
frequency acoustic signals;

receiving in said microphone acoustic signals in the range
of one tenth Hertz to thirty Hertz within said cavity of
said chamber that are caused by the movements of said
membrane;

generating in said microphone electronic signals indica-
tive of the intensity of said low frequency acoustic
signals; and

processing repeatedly sensed accelerative phenomena of a
body as a function of at least one accelerative event
characteristic to thereby determine whether said evalu-
ated body movement is within environmental tolerance.

32. A method as claimed in claim 31 comprising the

further steps of:

amplifying said low frequency acoustic signals within
said cavity of said chamber; and

receiving in said microphone said amplified acoustic

signals in the range of one tenth Hertz to thirty Hertz.

33. Amethod for detecting low frequency acoustic signals

and signals indicative of body orientation comprising the
steps of:

forming a chamber having portions that define a cavity
within said chamber;

placing a microphone within said cavity of said chamber;

attaching a membrane to said chamber covering said
cavity of said chamber;

acoustically coupling said membrane to a source of acous-
tic signals;

receiving in said microphone low frequency acoustic
signals in the range of one tenth Hertz to thirty Hertz;
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generating in said microphone electronic signals indica-
tive of the intensity of said low frequency acoustic
signals; and

processing repeatedly sensed accelerative phenomena of a
body as a function of at least one accelerative event
characteristic to thereby determine whether said evalu-
ated body movement is within environmental tolerance.

34. The method as claimed in claim 33 further comprising

the steps of:

coupling a low bandpass filter to said microphone capable
of processing said electronic signals from said micro-
phone;

obtaining digitally encoded electronic signals indicative
of the intensity of said low frequency acoustic signals
in the frequency range of one tenth Hertz to two Hertz;

coupling a high bandpass filter to said microphone
capable of processing said electronic signals from said
microphone; and

obtaining digitally encoded electronic signals indicative
of the intensity of said high frequency acoustic signals
in the frequency range of ten Hertz to thirty Hertz.
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35. The method as claimed in claim 34 further comprising
the steps of:

coupling a processor unit to said low bandpass filter and
to said high bandpass filter;

receiving in said processor unit said digitally encoded
electronic signals from said low bandpass filter;

receiving in said processor unit said digitally encoded
electronic signals from said high bandpass filter;

coupling a recording device to said processor unit; and

receiving in said recording device said digitally encoded
electronic signals from said processor unit; and

recording in said recording device said digitally encoded
electronic signals.
36. The method as claimed in claim 33 further comprising
the steps of:

acoustically coupling said membrane to low frequency
acoustic signals of a person; and

positioning said membrane so that said membrane does
not contact the skin of the person.
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