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(57) ABSTRACT

A respiratory effort sensing apparatus (2) includes a flexible
belt member (8) having a first buckle member (12A) and a
second buckle member (12B), and a wearable respiratory
monitoring recording device (6). The monitoring device
includes: (i) a processing apparatus (34) structured to be
selectively operable in a sleep mode and an active mode, and
(ii) buckle detection circuitry (46) structured to detect that
both buckle members are operatively coupled to the respi-
ratory monitoring recording device and in response thereto
generate a buckle detection signal. The processing apparatus
is structured to, in response to receiving the buckle detection
signal, automatically: (a) move from the sleep mode to the
active mode, and (b) generate data indicative of a respiratory
effort of a patient over time based on an effort-based signal
generated by the respiratory effort sensing apparatus in
response to changes in volume of a body part of the patient.
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BODILY-WORN RESPIRATORY EFFORT
SENSING APPARATUS PROVIDING
AUTOMATIC POWER UP AND INITIATION
OF DATA RECORDING ON A RESPIRATORY
MONITORING RECORDING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention pertains to systems for mea-
suring the respiratory effort of a patient in connection with,
for example and without limitation, a polysomnographic
study, and in particular, a bodily-worn respiratory effort
sensing apparatus (RESA) providing automatic power up
and initiation of data recording on a respiratory monitoring
recording device (RMRD) provided as part of the RESA.

2. Description of the Related Art

[0002] Polysomnography is a type of sleep study used to
diagnose sleep disorders, such as sleep apnea. In a poly-
somnographic study, a number of physiological parameters
are recorded for later analysis by a sleep technician or other
caregiver. One of the most important parameters that is
measured in a polysomnographic study is respiratory effort.
Respiratory effort parameters are typically obtained by mea-
suring nasal and/or oral airflow along with the associated
chest and/or abdominal wall movement, which indicate
changes in chest and/or abdominal cavity volume. The
measurement of changes in chest and/or abdominal cavity
volume is known as plethysmography.

[0003] There are currently three primary methods of non-
invasive chest and abdominal plethysmography: (i) mea-
surement of the changes in the tension of an elastic belt
fastened around the chest and/or abdomen of the patient,
known as elastomeric plethysmography, (ii) measurement of
the changes in electrical impedance of the body caused by
the expansion and contraction of the chest and/or abdomen,
known as impedance plethysmography, and (iii) measure-
ment of the changes in electrical inductance of an elastic belt
fastened around the chest and/or abdomen of the patient,
known as respiratory inductance plethysmography (RIP).
[0004] As the global sleep diagnostic patient-testing
model transitions to a predominately at-home test environ-
ment, so shall the growth in demand for at-home sleep
diagnostic testing devices. At-home users (patients) are
commonly tasked with a given amount of device setup prior
to the start of at-home diagnostic sleep testing. Such device
setup procedure(s) may include, without limitation, sensor
connection, device power up, data recording start, etc. The
integrity of recorded (diagnosable) sleep data shall improve
upon the following conditions (among others) uninterrupted
sensor connectivity, device power up, data recording start,
etc. Reducing the amount of setup procedures required to be
performed by the user of, for example, an effort belt, shall
improve the rate of diagnosis, reducing the frequency of
repeating the at-home test.

SUMMARY OF THE INVENTION

[0005] In one embodiment. a respiratory effort sensing
apparatus is provided that includes a flexible belt member
having a first buckle member provided at a first end of the
flexible belt member and a second buckle member provided
at a second end of the flexible belt member, and a wearable
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respiratory monitoring recording device. The wearable
respiratory monitoring device includes: (i) a processing
apparatus structured to be selectively operable in a sleep
mode and an active mode, and (ii) buckle detection circuitry
structured to detect that both the first buckle member and the
second buckle member are operatively coupled to the respi-
ratory monitoring recording device and in response thereto
generate a buckle detection signal and provide the buckle
signal to the processing apparatus, wherein the processing
apparatus is structured to, in response to receiving the buckle
detection signal, automatically: (a) move from the sleep
mode to the active mode, and (b) generate data indicative of
a respiratory effort of a patient over time based on an
effort-based signal generated by the respiratory effort sens-
ing apparatus in response to changes in volume of a body
part of the patient.

[0006] In another embodiment, a method of operating a
respiratory effort sensing apparatus that includes a flexible
belt member and a wearable respiratory monitoring record-
ing device is provided. The method includes detecting that
both buckle members of the belt member are operatively
coupled to the respiratory monitoring recording device, and
responsive to detecting that both of the buckle members are
operatively coupled to the respiratory monitoring recording
device, moving a processing apparatus (34) from a sleep
mode to an active mode, and generating in the processing
apparatus data indicative of a respiratory effort of a patient
over time based on an effort-based signal generated in
response to changes in volume of a body part of the patient.
[0007] These and other objects, features, and characteris-
tics of the present invention, as well as the methods of
operation and functions of the related elements of structure
and the combination of parts and economies of manufacture,
will become more apparent upon consideration of the fol-
lowing description and the appended claims with reference
to the accompanying drawings, all of which form a part of
this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a front elevational view of a respiratory
effort sensing apparatus according to an exemplary embodi-
ment of the disclosed concept;

[0009] FIG. 2 is an isometric view showing the buckle
members forming part of the respiratory effort sensing
apparatus of FIG. 1 according to an exemplary embodiment;
[0010] FIG. 3 is an isometric view showing one of the
buckle members of FIG. 2 in an open condition;

[0011] FIG. 4 is a an isometric view, FIG. 5 is a side
elevational view, and FIG. 6 is an exploded view of a
bodily-worn respiratory monitoring recording device form-
ing part of the respiratory effort sensing apparatus of FIG. 1
according to an exemplary embodiment; and

[0012] FIG. 7 is a block diagram showing certain of the
components provided as part of a PCB assembly of the
respiratory monitoring recording device of FIGS. 1 and 4-6.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0013] As used herein, the singular form of an”, and
“the” include plural references unless the context clearly
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dictates otherwise. As used herein, the statement that two or
mote parts or components are “coupled” shall mean that the
parts are joined or operate together either directly or indi-
rectly, i.e., through one or more intermediate parts or com-
ponents, so long as a link occurs. As used herein, “directly
coupled” means that two elements are directly in contact
with each other. As used herein, “fixedly coupled” or “fixed”
means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each
other.

[0014] As used herein, the word “unitary” means a com-
ponent is created as a single piece or unit. That is, a
component that includes pieces that are created separately
and then coupled together as a unit is not a “unitary”
component or body. As employed herein, the statement that
two or more parts or components “engage” one another shall
mean that the parts exert a force against one another either
directly or through one or more intermediate parts or com-
ponents. As employed herein, the term “number” shall mean
one or an integer greater than one (i.e., a plurality).

[0015] As used herein, the term “sleep mode” (also know
as standby mode or suspend mode) shall mean a low power
mode for electronic devices that provides a significant
savings on electrical consumption compared to leaving the
device fully on in active state/mode and that, upon resume,
allows the user to avoid having to reissue instructions or to
wait for the device to reboot. During sleep mode, the device
machine state is held in memory (typically RAM) and, when
placed in sleep mode, the device cuts power to unneeded
subsystems and places the memory into a minimum power
state.

[0016] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate to
the orientation of the elements shown in the drawings and
are not limiting upon the claims unless expressly recited
therein.

[0017] FIG. 1 is a front elevational view of a respiratory
effort sensing apparatus (RESA) 2 according to an exem-
plary embodiment of the disclosed concept. RESA 2
includes an effort belt assembly 4 that is selectively con-
nectable to a bodily worn respiratory monitoring recording
device (RMRD) 6. As described in greater detail herein,
RMRD 6 and effort belt assembly 4 are structured to
together measure the respiratory effort of a patient using
respiratory inductance plethysmography (RIP) technology.
[0018] Effort belt assembly 4 includes a flexible belt
member 8 which, in the example embodiment, is made of an
extensible woven fabric. Flexible belt member 8 further
includes a conductive wire 10 provided in a zigzag pattern
within flexible belt member 8 along the entire length thereof,
and buckle members 12A and 12B provided at the opposite
terminal ends of flexible belt member 8. FIG. 2 is an
isometric view showing buckle members 12A and 12B, and
FIG. 3 is an isometric view showing one of the buckle
members 12A, 12B in an open condition demonstrating the
connection of flexible belt member 8 thereto.

[0019] As seen in FIGS. 2 and 3, each buckle member
12A, 12B includes a housing portion 14 and latch members
16A, 16B. Each housing portion 14 includes a moveable
cover portion 18, a receptacle portion 20, and an electrical
contact member 22, which in the exemplary embodiment is
a gold-plated contact. Flexible belt member 8 is connected
to each buckle member 12A, 12B by inserting the terminal
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end thereof through a slot provided between cover portion
18 and receptacle portion 20. The terminal end of conductive
wire 10 is then electrically connected to contact member 22
by any suitable method, such as by soldering. Cover portion
18 may then be closed to secure flexible belt member § in
place (FIG. 2).

[0020] FIG. 4 is a an isometric view, FIG. 5§ is a side
elevational view, and FIG. 6 is an exploded view of RMRD
6 according to the exemplary embodiment (FIG. 4 shows
how a buckle member 12A, 12B may be inserted into
RMRD 6 as described below). RMRD 6 includes a housing
24 having a first housing portion 26 defining a slot 28 on
each side of housing 26 for receiving a buckle member 124,
12B, and a second housing portion 30. First housing portion
26 and second housing portion 30 are structured to be
connected to one another, such as by a snap fit or by an
adhesive, to form housing 26. As shown in FIG. 6, a printed
circuit board (PCB) assembly 32 is housed within housing
24.

[0021] FIG. 7 is a block diagram showing certain of the
components provided as part of PCB assembly 32 according
to the exemplary embodiment of the disclosed concept. PCB
assembly 32 includes a processing apparatus 34 including a
processor 36 and a memory 38. Processor 36 may be, for
example and without limitation, a microprocessor (uP), a
microcontroller, or some other suitable processing device,
that interfaces with memory 38 (which may be separate from
or included as part of processor 36). Memory 38 can be any
of one or more of a variety of types of internal and/or
external storage media such as, without limitation, RAM,
ROM, EPROM(s), EEPROM(s), FLASH, and the like that
provide a storage register, i.e., a machine readable medium,
for data storage such as in the fashion of an internal storage
area of a computer, and can be volatile memory or nonvola-
tile memory. Memory 38 has stored therein a number of
routines that are executable by processor 36. One or more of
the routines implement (by way of computer/processor
executable instructions) a system for controlling operation
of RMRD 6, including controlling the components thereof to
function as an RIP device.

[0022] PCB assembly 32 also includes a battery 40, which
in the exemplary embodiment is rechargeable, an excitation
circuit 42, and first and second spring loaded electrical
connectors 44A and 44B. Each connector 44A, 44B is
positioned so as to be on an opposite side of housing 26
within one of the slots 28 to facilitate an electrical connec-
tion between the connector 44A, 44B and one of the contact
members 22 when a buckle member 12A, 12B is inserted
into the slot 28. Excitation circuit 42 is structured to generate
an oscillating electrical signal and to provide the oscillating
electrical signal to the inductive element (i.e., flexible belt
member 8) when the inductive element is fully connected as
described herein.

[0023] PCB assembly 32 further includes a connection/
disconnection detection circuit 46 coupled to each of the
connectors 44A, 44B and excitation circuit 42. Connection/
disconnection detection circuit 46 is structured to: (i) detect
when both buckle members 12A and 12B are fully inserted
into the slots 28, and thus when both contacts 22 are in
electrical contact with the connectors 44A, 44B, and (i)
output a rising edge signal (a buckle detection signal) that is
provided to the wake-up input pin of processor 36 in
response to detecting when both buckle members 12A and
12B are fully inserted into the slots 28 and that excitation
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circuit 42 is outputting the oscillating signal to flexible belt
member 8. The significance of this feature is discussed
below. In the non-limiting, exemplary embodiment, connec-
tion/disconnection detection circuit 46 is a hardware circuit
that is structured to monitor the signal output by excitation
circuit 42. If connection/disconnection detection circuit 46
detects a first rising edge of the oscillating signal of exci-
tation circuit 42 being provided to flexible belt member 8
followed by another rising edge of the oscillating signal of
excitation circuit 42 being provided to flexible belt member
8 before a predefined timeout occurs, connection/disconnec-
tion detection circuit 46 will determine that flexible belt
member 8 is fully connected and will output its rising edge
signal (the buckle detection signal). If, however, excitation
circuit 42 detects no signal being provided to flexible belt
member 8 or a rising edge of the signal of excitation circuit
42 being provided to flexible belt member 8 without detect-
ing another rising edge of the signal of excitation circuit 42
before a predefined timeout occurs, connection/disconnec-
tion detection circuit 46 will determine that flexible belt
member 8 has been disconnected. It will be understood,
however, that this implementation of excitation circuit 42 is
meant to be exemplary only, and that other hardware and/or
software implementations are also possible within the scope
of the present invention.

[0024] Respiration conditioning circuit 48 is structured to
generate a signal (analog) indicative of a shift in the oscil-
lating frequency generated within conductive wire 10 of
flexible belt member 8 in response to the change in the
inductance of flexible belt member 8 (e.g., caused by chang-
ing chest and/or abdominal volume) by measuring the
change in the frequency of the applied current (i.e., applied
via excitation circuit 42). The signal generated by respira-
tory conditioning circuit 48 is provided to processor 36 for
analysis thereby. In the non-limiting, exemplary embodi-
ment, respiration conditioning circuit 48 is a hardware
circuit that is structured to sample the high frequency
oscillations from the excitation circuit 42, and to demodulate
and filter the sampled signal to provide a low level signal
whose voltage varies with changes to the inductance of
flexible belt member 8. It will be understood, however, that
this is meant to be exemplary only, and that other hardware
or software implementations are also possible within the
scope of the present invention.

[0025] Operation of RESA 2 to provide RIP device func-
tionality for a patient according to one exemplary embodi-
ment will now be described. First, the patient must power
RMRD 6 on by providing an appropriate input thereto, such
as by pressing a button 50 provided as part of housing 6 and
coupled to processing apparatus 34. In response to such an
input, in the present embodiment, processing apparatus 34
will be caused to enter a low power, sleep mode. Also in
response to such an input, power will be provided to
excitation circuit 42. Thereafter, processing apparatus 34
will remain in the sleep mode until both buckle members
12A and 12B have been fully inserted into housing 6.

[0026] After the RMRD 6 is powered on as just described,
the patient may then attach RESA 2 to his or her body by
inserting one of the buckle members 124, 12B into a slot 28
of housing 28 in a manner such that the contact 22 thereof
comes into electrical contact with the corresponding con-
nector 44A, 44B of PCB assembly 32. The patient may then
wrap flexible belt member 8 around his or her chest or
abdomen and insert the unattached buckle members 12A,
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12B into the other slot 28 of housing 28 in a manner such
that the contact 22 thereof comes into electrical contact with
the corresponding connector 44 A, 44B of PCB assembly 32.
When this is done, connection/disconnection detection cit-
cuit 46 will detect that both buckle members 12A, 12B have
been properly attached, and in response thereto, connection/
disconnection detection circuit 46 will generate and output
a rising edge signal (i.e., the buckle detection signal) as
described herein. That rising edge signal is provided to the
wake-up input pin of processor 36, which causes processing
apparatus 34 to automatically exit the sleep mode and enter
a full power/active mode. Upon entering the full power
mode in this manner, RESA 2 will automatically be caused
to operate as an RIP device. More particularly, upon entering
full power mode, respiration conditioning circuit 48 will be
caused to sample the high frequency oscillations from
excitation circuit 42 being provided to flexible belt member
8 as described herein and provide the sampled signal to
processing apparatus 34. The time dependent sampled signal
provided to processing apparatus 34 is further processed to
generate data indicative of the respiratory effort of the
patient over time as described herein. In the exemplary
embodiment, that data is stored by RMRD 6, e.g., in part of
memory 38 or on a removable energy storage device such as
an SD card, for later retrieval/downloading by a technician
or caregiver for analysis and diagnosis of sleep problems.
For example, and the end of the testing period, the patient
may connect RMRD 6 to a local computer so that the
generated and stored data may be downloaded and trans-
mitted (e.g., over a network such as the Internet) to the
technician or caregiver. Alternatively, the removable energy
storage device may be removed from RMRD 6 and provided
to the technician or caregiver (e.g., in person or by mail), so
that the data may then be downloaded therefrom and used
for diagnosis of sleep problems.

[0027] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word “comprising” or “including” does not exclude the
presence of elements or steps other than those listed in a
claim. In a device claim enumerating several means, several
of these means may be embodied by one and the same item
of hardware. The word “a” or “an” preceding an element
does not exclude the presence of a plurality of such ele-
ments. In any device claim enumerating several means,
several of these means may be embodied by one and the
same item of hardware. The mere fact that certain elements
are recited in mutually different dependent claims does not
indicate that these elements cannot be used in combination.

[0028] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
modifications and equivalent arrangements that are within
the spirit and scope of the appended claims. For example, it
is to be understood that the present invention contemplates
that, to the extent possible, one or more features of any
embodiment can be combined with one or more features of
any other embodiment.

1. A respiratory effort sensing apparatus, comprising:

a flexible belt member, the flexible belt member having a
first buckle member provided at a first end of the
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flexible belt member and a second buckle member
provided at a second end of the flexible belt member;
and

a wearable respiratory monitoring recording device

including: (i) a processing apparatus structured to be
selectively operable in a sleep mode and an active
mode, and (ii) buckle detection circuitry structured to
detect that both the first buckle member and the second
buckle member are operatively coupled to the respira-
tory monitoring recording device and in response
thereto generate a buckle detection signal and provide
the buckle signal to the processing apparatus, wherein
the processing apparatus is structured to, in response to
receiving the buckle detection signal, automatically: (a)
move from the sleep mode to the active mode, and (b)
generate data indicative of a respiratory effort of a
patient over time based on an effort-based signal gen-
erated by the respiratory effort sensing apparatus in
response to changes in volume of a body part of the
patient.

2. The respiratory effort sensing apparatus according to
claim 1, wherein the flexible belt member has a conductive
wire provided along a length of the flexible belt member, and
wherein the wearable respiratory monitoring recording
device includes an excitation circuit structured to provide an
oscillating signal to the conductive wire when the flexible
belt member is attached to the wearable respiratory moni-
toring recording device.

3. The respiratory effort sensing apparatus according to
claim 2, wherein the first buckle member has a first electrical
contact, the second buckle member has a second electrical
contact, the respiratory monitoring recording device has a
first connector coupled to the buckle detection circuitry and
a second connector coupled to the buckle detection circuitry,
wherein the buckle detection circuitry is structured to detect
that the first electrical contact is electrically connected to the
first connector and the second electrical contact is electri-
cally connected to the second connector and in response
thereto generate the buckle detection signal.

4. The respiratory effort sensing apparatus according to
claim 2, wherein the respiratory monitoring recording
device includes a respiration conditioning circuit structured
to generate the effort-based signal in response to detecting a
frequency shift in the conductive wire generated in response
to the changes in volume of the body part of the patient.

5. The respiratory effort sensing apparatus according to
claim 4, wherein the effort-based signal is proportional to the
frequency shift.

6. The respiratory effort sensing apparatus according to
claim 1, wherein the respiratory monitoring recording
device is structured to store the data indicative of the
respiratory effort of the patient.

7. The respiratory effort sensing apparatus according to
claim 4, wherein the buckle detection circuitry is structured
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to monitor an output of the excitation circuit and to generate
the buckle detection signal in response to detecting a first
rising edge of the output followed by a second rising edge
of the of the output before a predefined timeout occurs.

8. A method of operating a respiratory effort sensing
apparatus that includes a flexible belt member, the flexible
belt member having a first buckle member provided at a first
end of the flexible belt member and a second buckle member
provided at a second end of the flexible belt member, and a
wearable respiratory monitoring recording device, the
method comprising:

detecting that both the first buckle member and the second

buckle member are operatively coupled to the respira-
tory monitoring recording device; and

responsive to detecting that both the first buckle member

and the second buckle member are operatively coupled
to the respiratory monitoring recording device, moving
a processing apparatus from a sleep mode to an active
mode, and generating in the processing apparatus data
indicative of a respiratory effort of a patient over time
based on an effort-based signal generated in response to
changes in volume of a body part of the patient.

9. The method according to claim 8, wherein the flexible
belt member has a conductive wired provided along a length
of the flexible belt member, and wherein the method
includes providing an oscillating signal to the conductive
wire and detecting that both the first buckle member and the
second buckle member are operatively coupled to the respi-
ratory monitoring recording device based on a monitoring of
the oscillating signal.

10. The method according to claim 9, wherein the first
buckle member has a first electrical contact, the second
buckle member has a second electrical contact, the respira-
tory monitoring recording device has a first connector
coupled to the buckle detection circuitry and a second
connector coupled to the buckle detection circuitry, wherein
the detecting that both the first buckle member and the
second buckle member are operatively coupled to the respi-
ratory monitoring recording device includes detecting that
the first electrical contact is electrically connected to the first
connector and the second electrical contact is electrically
connected to the second connector.

11. The method according to claim 9, further comprising
generating the effort-based signal in response to detecting
changes in a frequency of oscillation in the conductive wire
generated in response to the changes in volume of the body
part of the patient.

12. The method according to claim 11, wherein the
effort-based signal is proportional to the changes in fre-
quency.

13. The method according to claim 8, further comprising
storing the data indicative of the respiratory effort of the
patient.
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