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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention pertains to systems for
measuring the respiratory effort of a patient in connection
with, for example and without limitation, a polysomno-
graphic 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 atype of sleep study used
to diagnose sleep disorders, such as sleep apnea. In a
polysomnographic study, a number of physiological pa-
rameters are recorded for later analysis by a sleep tech-
nician or other caregiver. One of the most important pa-
rameters that is measured in a polysomnographic study
is respiratory effort. Respiratory effort parameters are
typically obtained by measuring nasal and/or oral airflow
along with the associated chest and/or abdominal wall
movement, which indicate changes in chest and/or ab-
dominal 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)
measurement 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 plethys-
mography, and (iii) measurement of the changes in elec-
trical inductance of an elastic belt fastened around the
chest and/or abdomen of the patient, known as respira-
tory inductance plethysmography (RIP).

[0004] As the global sleep diagnostic patient-testing
model transitions to a predominately at-home test envi-
ronment, 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 limita-
tion, 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. Devices for such home diagnostics are known
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from document US 2011/066063 A1, which discloses a
respiratory effort sensing belt with a buckle, document
US 2007/093707 A1, which discloses a belt for detecting
biological signals comprising a buckle functioning as an
ON-OFF switch, and document US 2014/0316305 A1,
which discloses wearable sensors comprising a sensor-
based standby mode.

SUMMARY OF THE INVENTION

[0005] Inone embodiment, arespiratory effort sensing
apparatusis provided thatincludes 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 respiratory monitoring recording device.
The wearable respiratory monitoring device includes: (i)
a processing apparatus structured to be selectively op-
erablein asleep 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 op-
eratively coupled to the respiratory monitoring recording
device and in response thereto generate a buckle detec-
tion signal and provide the buckle signal to the processing
apparatus, wherein the processing apparatus is struc-
tured 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.

[0006] In another embodiment, a method of operating
arespiratory effort sensing apparatus thatincludes a flex-
ible belt member and a wearable respiratory monitoring
recording device is provided. The method includes de-
tecting that both buckle members of the belt member are
operatively coupled to the respiratory monitoring record-
ing device, and responsive to detecting that both of the
buckle members are operatively coupled to the respira-
tory monitoring recording device, moving a processing
apparatus (34) from a sleep mode to an active mode,
and generating in the processing apparatus data indica-
tive 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 charac-
teristics 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 consid-
eration of the following 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 partsin the
various figures. Itis 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
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the limits of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1is afrontelevational view of a respiratory effort
sensing apparatus according to an exemplary em-
bodiment of the disclosed concept;

FIG. 2is an isometric view showing the buckle mem-
bers forming part of the respiratory effort sensing
apparatus of FIG. 1 according to an exemplary em-
bodiment; FIG. 3 is an isometric view showing one
ofthe buckle members of FIG. 2 in an open condition;
FIG. 4 is a an isometric view, FIG. 5 is a side eleva-
tional view, and FIG. 6 is an exploded view of a bod-
ily-worn respiratory monitoring recording device
forming part of the respiratory effort sensing appa-
ratus of FIG. 1 according to an exemplary embodi-
ment; and

FIG. 7 is ablock diagram showing certain of the com-
ponents provided as part of a PCB assembly of the
respiratory monitoring recording device of FIGS. 1
and 4-6.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0009] As used herein, the singular form of "a", "an",
and "the" include plural references unless the context
clearly dictates otherwise. As used herein, the statement
that two or more parts or components are "coupled"” shall
mean that the parts are joined or operate together either
directly or indirectly, i.e., through one or more intermedi-
ate parts or components, 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.

[0010] As used herein, the word "unitary" means a
component is created as a single piece or unit. That is,
a component that includes pieces that are created sep-
arately and then coupled together as a unit is not a "uni-
tary" component or body. As employed herein, the state-
ment 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 inter-
mediate parts or components. As employed herein, the
term "number" shall mean one or an integer greater than
one (i.e., a plurality).

[0011] 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.
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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 plac-
es the memory into a minimum power state.

[0012] 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.

[0013] FIG. 1is afront elevational view of a respiratory
effort sensing apparatus (RESA) 2 according to an ex-
emplary embodiment of the disclosed concept. RESA 2
includes an effort belt assembly 4 that is selectively con-
nectable to a bodily worn respiratory monitoring record-
ing device (RMRD) 6. As described in greater detail here-
in, RMRD 6 and effort belt assembly 4 are structured to
together measure the respiratory effort of a patient using
respiratory inductance plethysmography (RIP) technol-
ogy.

[0014] 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 pro-
vided at the opposite terminal ends of flexible belt mem-
ber 8. FIG. 2 is an isometric view showing buckle mem-
bers 12A and 12B, and FIG. 3 is an isometric view show-
ing one of the buckle members 12A, 12B in an open con-
dition demonstrating the connection of flexible belt mem-
ber 8 thereto.

[0015] AsseeninFIGS. 2 and 3, each buckle member
12A, 12B includes a housing portion 14 and latch mem-
bers 16A, 16B. Each housing portion 14 includes a move-
able 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 mem-
ber 8 is connected to each buckle member 12A, 12B by
inserting the terminal 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 8 in place (FIG. 2).
[0016] 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 hous-
ing 24 having a first housing portion 26 defining a slot 28
on each side of housing 26 for receiving a buckle member
12A, 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 with-
in housing 24.
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[0017] FIG. 7 is a block diagram showing certain of the
components provided as part of PCB assembly 32 ac-
cording to the exemplary embodiment of the disclosed
concept. PCB assembly 32 includes a processing appa-
ratus 34 including a processor 36 and a memory 38. Proc-
essor 36 may be, for example and without limitation, a
microprocessor (wP), 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 me-
dia 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 stor-
age such as in the fashion of an internal storage area of
a computer, and can be volatile memory or nonvolatile
memory. Memory 38 has stored therein a number of rou-
tines that are executable by processor 36. One or more
of the routines implement (by way of computer/processor
executable instructions) a system for controlling opera-
tion of RMRD 6, including controlling the components
thereof to function as an RIP device.

[0018] 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 connecters 44A and 44B. Each connector 44A,
44Bis positioned so as to be on an opposite side of hous-
ing 26 within one of the slots 28 to facilitate an electrical
connection 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.

[0019] PCB assembly 32 further includes a connec-
tion/disconnection detection circuit 46 coupled to each
ofthe connectors 44A, 44B and excitation circuit42. Con-
nection/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 (ii) 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 buck-
le members 12A and 12B are fully inserted into the slots
28 and that excitation circuit 42 is outputting the oscillat-
ing signal to flexible belt member 8. The significance of
this feature is discussed below. In the non-limiting, ex-
emplary embodiment, connection/disconnection detec-
tion circuit 46 is a hardware circuit that is structured to
monitor the signal output by excitation circuit 42. If con-
nection/disconnection detection circuit 46 detects a first
rising edge of the oscillating signal of excitation circuit 42
being provided to flexible belt member 8 followed by an-
other rising edge of the oscillating signal of excitation
circuit 42 being provided to flexible belt member 8 before
a predefined timeout occurs, connection/disconnection
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detection circuit 46 will determine that flexible belt mem-
ber 8 is fully connected and will output its rising edge
signal (the buckle detection signal). If, however, excita-
tion 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
detecting another rising edge of the signal of excitation
circuit 42 before a predefined timeout occurs, connec-
tion/disconnection detection circuit 46 will determine that
flexible belt member 8 has been disconnected. It will be
understood, however, that this implementation of excita-
tion circuit 42 is meant to be exemplary only, and that
other hardware and/or software implementations are al-
so possible within the scope of the present invention.
[0020] Respiration conditioning circuit 48 is structured
to generate a signal (analog) indicative of a shift in the
oscillating 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 changing chest and/or abdominal volume) by meas-
uring the change in the frequency of the applied current
(i.e., applied via excitation circuit 42). The signal gener-
ated by respiratory conditioning circuit 48 is provided to
processor 36 for analysis thereby. In the non-limiting, ex-
emplary embodiment, 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 under-
stood, 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.
[0021] Operation of RESA 2 to provide RIP device
functionality for a patient according to one exemplary em-
bodiment 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.

[0022] After the RMRD 6 is powered on as just de-
scribed, the patient may then attach RESA 2 to his or her
body by inserting one of the buckle members 12A, 12B
into a slot 28 of housing 28 in a manner such that the
contact 22 thereof comes into electrical contact with the
corresponding connector 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, 12B into the other slot 28 of hous-
ing 28 in amanner such thatthe contact 22 thereof comes
into electrical contact with the corresponding connector
44A, 44B of PCB assembly 32. When this is done, con-
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nection/disconnection detection circuit 46 will detect that
both buckle members 12A, 12B have been properly at-
tached, and in response thereto, connection/disconnec-
tion detection circuit 46 will generate and output a rising
edge signal (i.e., the buckle detection signal) as de-
scribed 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 auto-
matically 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 pro-
vided to flexible belt member 8 as described herein and
provide the sampled signal to processing apparatus 34.
The time dependent sampled signal provided to process-
ing 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.
Forexample, 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
transmitted (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 per-
son or by mail), so that the data may then be downloaded
therefrom and used for diagnosis of sleep problems.
[0023] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word "comprising" or "including" does not ex-
clude 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 elements. In any device claim enumer-
ating 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.

[0024] Although the invention has been described in
detail for the purpose of illustration based on what is cur-
rently considered to be the most practical and preferred
embodiments, 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 arrange-
ments that are within the scope of the appended claims.
For example, it is to be understood that the present in-
vention contemplates that, to the extent possible, one or
more features of any embodiment can be combined with
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one or more features of any other embodiment.

Claims

1. A respiratory effort sensing apparatus (2), compris-
ing:

a flexible belt member (8), the flexible belt mem-
ber having a first buckle member (12A) provided
at a first end of the flexible belt member and a
second buckle member (12B) provided at a sec-
ond end of the flexible belt member; and

a wearable respiratory monitoring recording de-
vice (6) including: (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 the first buckle member and the second
buckle member are operatively coupled to the
respiratory monitoring recording device and in
response thereto generate a buckle detection
signal and provide the buckle signal to the
processing apparatus, wherein the processing
apparatusis structured to, inresponse to receiv-
ing the buckle detection signal, automatically:
(a) move from the sleep mode to the active
mode, and (b) generate data indicative of ares-
piratory 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.

2. The respiratory effort sensing apparatus according
to claim 1, wherein the flexible belt member has a
conductive wire (10) provided along a length of the
flexible belt member, and wherein the wearable res-
piratory monitoring recording device includes an ex-
citation circuit (42) structured to provide an oscillat-
ing signal to the conductive wire when the flexible
belt member is attached to the wearable respiratory
monitoring recording device.

3. The respiratory effort sensing apparatus according
to claim 2, wherein the first buckle member has a
first electrical contact (22), the second buckle mem-
ber has a second electrical contact (22), the respi-
ratory monitoring recording device has a first con-
nector (44A) coupled to the buckle detection circuitry
and a second connector (44A) coupled to the buckle
detection circuitry, wherein the buckle detection cir-
cuitry is structured to detect that the first electrical
contactis electrically connected to the first connector
and the second electrical contact is electrically con-
nected to the second connector and in response
thereto generate the buckle detection signal.

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

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

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

The respiratory effort sensing apparatus according
to claim 4, wherein the buckle detection circuitry is
structured to monitor an output of the excitation cir-
cuit 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.

A method of operating a respiratory effort sensing
apparatus (2) that includes a flexible belt member
(8), the flexible belt member having a first buckle
member (12A) provided at a first end of the flexible
belt member and a second buckle member (12B)
provided at a second end of the flexible belt member,
and a wearable respiratory monitoring recording de-
vice (6), the method comprising:

detecting that both the first buckle member and
the second buckle member are operatively cou-
pled to the respiratory monitoring recording de-
vice; and

responsive to detecting that both the first buckle
member and the second buckle member are op-
eratively coupled to the respiratory monitoring
recording device, moving a processing appara-
tus (34) from a sleep mode to an active mode,
and generatingin 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.

The method according to claim 8, wherein the flexible
belt member has a conductive wire (10) 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 firstbuckle member and the second buckle mem-
ber are operatively coupled to the respiratory moni-
toring recording device based on a monitoring of the
oscillating signal.
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10.

1.

12.

13.

The method according to claim 9, wherein the first
buckle member has afirst electrical contact (22), the
second buckle member has a second electrical con-
tact (22), the respiratory monitoring recording device
has a first connector (44A) coupled to the buckle
detection circuitry and a second connector (44A)
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 respiratory monitoring recording device includes
detecting that the first electrical contact is electrically
connected to the first connector and the second elec-
trical contact is electrically connected to the second
connector.

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

The method according to claim 11, wherein the ef-
fort-based signal is proportional to the changes in
frequency.

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

Patentanspriiche

1.

Vorrichtung zur Messung der Atmungsanstrengung
(2), umfassend:

ein flexibles Gurtelement (8), wobei das flexible
Gurtelement ein erstes Schnallenelement (12A)
an einem erste Ende des flexiblen Gurtelements
und ein zweites Schnallenelement (12B) an ei-
nem zweiten Ende des flexiblen Gurtelements
aufweist; und

eine tragbare Aufzeichnungsvorrichtung zur At-
mungsuberwachung (6), die Folgendes ein-
schliel3t: (i) ein Verarbeitungsgerat (34), das
konstruiert ist, um selektiv in einem Schlafmo-
dus und in einem aktiven Modus betreibbar zu
sein, und (ii) eine Schnallendetektionsschaltung
(46), die konstruiert ist, um zu erkennen, dass
sowohl das erste Schnallenelement als auch
das zweite Schnallenelement betriebsfahig mit
der Aufzeichnungsvorrichtung zur Atmungsu-
berwachung gekoppelt sind, und um als Reak-
tion darauf ein Schnallendetektionssignal zu er-
zeugen und das Schnallensignal an das Verar-
beitungsgerat zu liefern, wobei das Verarbei-
tungsgerat konstruiert ist, um als Reaktion auf
den Empfang des Schnallendetektionssignals
automatisch: (a) vom Schlafmodus auf den ak-
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tiven Modus zu schalten und (b) Daten zu er-
zeugen, die eine Atmungsanstrengung eines
Patienten Uber die Zeit basierend auf einem an-
strengungsbasierten Signal angeben, das
durch die Vorrichtung zur Messung der At-
mungsanstrengung als Reaktion auf Volumen-
anderungen eines Korperteils des Patienten er-
zeugt wurde.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 1, wobei das flexible Gurtelement
einen leitenden Draht (10) aufweist, der entlang ei-
ner Lange des flexiblen Gurtelements vorgesehen
ist, und wobei die tragbare Aufzeichnungsvorrich-
tung zur Atmungsiiberwachung eine Anregungs-
schaltung (42) einschlielt, die konstruiert ist, um
dem leitenden Draht ein oszillierendes Signal bereit-
zustellen, wenn das flexible Gurtelementan dertrag-
baren Aufzeichnungsvorrichtung zur Atmungsiiber-
wachung angebracht ist.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 2, wobei das erste Schnallenelement
einen ersten elektrischen Kontakt (22) aufweist, das
zweite Schnallenelement einen zweiten elektrischen
Kontakt (22) aufweist, die Aufzeichnungsvorrichtung
zur Atmungsiiberwachung einen ersten Verbinder
(44A) gekoppelt mit der Schnallendetektionsschal-
tung und einen zweiten Verbinder (44A) gekoppelt
mit der Schnallendetektionsschaltung aufweist, wo-
beidie Schnallendetektionsschaltung konstruiert ist,
um zu erkennen, dass der erste elektrische Kontakt
elektrisch mit dem ersten Verbinder verbunden ist
und der zweite elektrische Kontakt elektrisch mit
dem zweiten Verbinder verbunden ist, und um als
Reaktion darauf das Schnallendetektionssignal zu
erzeugen.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 2, wobei die Aufzeichnungsvorrich-
tung zur Atmungsiiberwachung eine Atmungsaufbe-
reitungsschaltung (48) einschliel3t, die konstruiert
ist, um das anstrengungsbasierte Signal als Reakti-
on auf das Erkennen einer Frequenzverschiebung
im leitenden Draht zu erzeugen, die als Reaktion auf
die Volumenanderungen des Kdorperteils des Pati-
enten erzeugt wird.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 4, wobei das anstrengungsbasierte
Signal proportional zur Frequenzverschiebung ist.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 1, wobei die Aufzeichnungsvorrich-
tung zur Atmungsiberwachung konstruiert ist, um
die Daten zu speichern, welche die Atmungsan-
strengung des Patienten angeben.
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7.

10.

Vorrichtung zur Messung der Atmungsanstrengung
nach Anspruch 4, wobei die Schnallendetektions-
schaltung konstruiert ist, um eine Ausgabe der An-
regungsschaltung zu Gberwachen und das Schnal-
lendetektionssignal als Reaktion auf das Erkennen
einer ersten ansteigenden Flanke der Ausgabe ge-
folgt von einer zweiten ansteigenden Flanke der
Ausgabe vor Eintreten einer vordefinierten Zeitliber-
schreitung zu erzeugen.

Verfahren zum Betreiben einer Vorrichtung zur Mes-
sung der Atmungsanstrengung (2), das ein flexibles
Gurtelement (8), wobei das flexible Gurtelement ein
erstes Schnallenelement (12A) an einem erste Ende
des flexiblen Gurtelements und ein zweites Schnal-
lenelement (12B) an einem zweiten Ende des flexib-
len Gurtelements aufweist, und eine tragbare Auf-
zeichnungsvorrichtung zur Atmungstiberwachung
(6) einschlielt, wobei das Verfahren Folgendes um-
fasst:

Erkennen, dass sowohl das erste Schnallene-
lement als auch das zweite Schnallenelement
betriebsfahig mit der Aufzeichnungsvorrichtung
zur Atmungsiiberwachung gekoppelt sind; und
als Reaktion aufdas Erkennen, dass sowohl das
erste das erste Schnallenelement als auch das
zweite Schnallenelement betriebsfahig mit der
Aufzeichnungsvorrichtung zur Atmungsiber-
wachung gekoppelt sind, Umschalten eines
Verarbeitungsgerats (34) von einem Schlafmo-
dus auf einen aktiven Modus, und Erzeugen von
Daten in dem Verarbeitungsgerat, die eine At-
mungsanstrengung eines Patienten Uber die
Zeit basierend auf einem anstrengungsbasier-
ten Signal angeben, das als Reaktion auf Volu-
menanderungen eines Korperteils des Patien-
ten erzeugt wurde.

Verfahren nach Anspruch 8, wobei das flexible Gur-
telement einen leitenden Draht (10) aufweist, der
entlang einer Lange des flexiblen Gurtelements vor-
gesehen ist, und wobei das Verfahren das Bereit-
stellen eines oszillierenden Signals flir den leitenden
Draht und das Erkennen, basierend auf einer Uber-
wachung des oszillierenden Signals, dass sowohl
das erste Schnallenelement als auch das zweite
Schnallenelement betriebsfahig mit der Aufzeich-
nungsvorrichtung zur Atmungstberwachung gekop-
pelt sind, einschlielt.

Verfahren nach Anspruch 9, wobei das erste Schnal-
lenelement einen ersten elektrischen Kontakt (22)
aufweist, das zweite Schnallenelement einen zwei-
ten elektrischen Kontakt (22) aufweist, die Aufzeich-
nungsvorrichtung zur Atmungstiberwachung einen
ersten Verbinder (44A) gekoppelt mit der Schnallen-
detektionsschaltung und einen zweiten Verbinder
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(44A) gekoppelt mit der Schnallendetektionsschal-
tung aufweist, wobeidas Erkennen, dass sowohl das
erste Schnallenelement als auch das zweite Schnal-
lenelement betriebsfahig mit der Aufzeichnungsvor-
richtung zur Atmungstiberwachung gekoppelt sind,
das Erkennen einschlief3t, dass der erste elektrische
Kontakt elektrisch mit dem ersten Verbinder verbun-
den ist und der zweite elektrische Kontakt elektrisch
mit dem zweiten Verbinder verbunden ist.

Verfahren nach Anspruch 9, ferner umfassend das
Erzeugen des anstrengungsbasierten Signals als
Reaktion auf das Erkennen von Anderungen in einer
Ostzillationsfrequenz in dem leitenden Draht, die als
Reaktion auf Volumenanderungen des Kdorperteils
des Patienten erzeugt werden.

Verfahren nach Anspruch 11, wobei das anstren-
gungsbasierte Signal proportional zu den Frequen-
zanderungen ist.

Verfahren nach Anspruch 8, ferner umfassend das
Speichern der Daten, welche die Atmungsanstren-
gung des Patienten angeben.

Revendications

1.

Appareil de détection d'effort respiratoire (2),
comprenant :

un élément de ceinture flexible (8), 'élément de
ceinture flexible ayant un premier élément de
boucle (12A) prévu a une premiére extrémité de
I'élément de ceinture flexible et un second élé-
ment de boucle (12B) prévu a une seconde ex-
trémité de I'élément de ceinture flexible ; et

un dispositif d’enregistrement de surveillance
respiratoire portable (6) incluant : (i) un appareil
de traitement (34) structuré pour pouvoir fonc-
tionner sélectivement dans un mode de veille et
dans un mode actif, et (ii) un circuit de détection
de boucle (46) structuré pour détecter qu’a la
fois le premier élément de boucle et le second
élémentde boucle sont couplés de maniére opé-
rationnelle au dispositif d’enregistrement de sur-
veillance respiratoire et générer, en réponse a
cela, un signal de détection de boucle et fournir
le signal de boucle a I'appareil de traitement,
dans lequel 'appareil de traitement est structuré
pour, en réponse a la réception du signal de dé-
tection de boucle, automatiquement : (a) passer
du mode de veille au mode actif, et (b) générer
des donnéesindiquantun effort respiratoire d’'un
patient au fil du temps sur la base d’'un signal
basé sur un effort généré par I'appareil de dé-
tection d’effort respiratoire en réponse a des
changements de volume d’une partie du corps
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du patient.

Appareil de détection d’effort respiratoire selon la
revendication 1, dans lequel I'élément de ceinture
flexible présente un fil conducteur (10) agenceé le
long d’'une longueur de I'élément de ceinture flexible,
et dans lequel le dispositif d’enregistrement de sur-
veillance respiratoire portable inclut un circuit d’ex-
citation (42) structuré fournir un signal oscillant au
fil conducteur lorsque I'élément de ceinture flexible
est attaché au dispositif d’enregistrement de sur-
veillance respiratoire portable.

Appareil de détection d’effort respiratoire selon la
revendication 2, dans lequel le premier élément de
boucle présente un premier contact électrique (22),
le second élément de boucle présente un second
contact électrique (22), le dispositif d’enregistrement
de surveillance respiratoire présente un premier
connecteur (44A) couplé au circuit de détection de
boucle et un second connecteur (44A) couplé au cir-
cuit de détection de boucle, dans lequel le circuit de
détection de boucle est structuré pour détecter que
le premier contact électrique est connecté électri-
quement au premier connecteur et que le second
contact électrique est connecté électriquement au
second connecteur et, en réponse a cela, a générer
le signal de détection de boucle.

Appareil de détection d’effort respiratoire selon la
revendication 2, dans lequel le dispositif d’enregis-
trement de surveillance respiratoire inclut un circuit
de conditionnement de respiration (48) structuré
pour générer le signal basé sur un effort en réponse
a la détection d’'un décalage de fréquence dans le
fil conducteur généré en réponse aux changements
de volume de la partie du corps du patient.

Appareil de détection d’effort respiratoire selon la
revendication 4, dans lequel le signal basé sur un
effort est proportionnel au décalage de fréquence.

Appareil de détection d’effort respiratoire selon la
revendication 1, dans lequel le dispositif d’enregis-
trement de surveillance respiratoire est structuré
pour stocker les données indiquant I'effort respira-
toire du patient.

Appareil de détection d’effort respiratoire selon la
revendication 4, dans lequel le circuit de détection
de boucle est structuré pour surveiller une sortie du
circuit d’excitation et pour générer le signal de dé-
tection de boucle en réponse a la détection d’un pre-
mier bord montant de la sortie suivi d’'un second bord
montant de la sortie avant qu’une temporisation pré-
définie ne se produise.

Procédé de fonctionnement d’'un appareil de détec-
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tion d’effort respiratoire (2) qui inclut un élément de
ceinture flexible (8), I'élément de ceinture flexible
présentant un premier élément de boucle (12A) pré-
VU a une premiére extrémité de I'’élément de ceinture
flexible et un second élément de boucle (12B) prévu
a une seconde extrémité de I'élément de ceinture
flexible, et un dispositif d’enregistrement de sur-
veillance respiratoire portable (6), le procédé com-
prenant les étapes consistant a :

détecter qu’a la fois le premier élément de bou-
cle et le second élément de boucle sont couplés
de maniére opérationnelle au dispositif d’enre-
gistrement de surveillance respiratoire ; et

en réponse a la détection qu’a la fois le premier
élément de boucle et le second élément de bou-
cle sont couplés de maniére opérationnelle au
dispositif d’enregistrement de surveillance res-
piratoire, faire passer un appareil de traitement
(34) d’'un mode de veille a un mode actif, et gé-
nérer dans I'appareil de traitement des données
indiquant un effort respiratoire d’'un patient au fil
du temps sur la base d’'un signal basé sur un
effort généré en réponse a des changements de
volume d’une partie du corps du patient.

Procédé selon la revendication 8, dans lequel I'élé-
ment de ceinture flexible comporte un fil conducteur
(10) agence le long d’'une longueur de I'élément de
ceinture flexible, et dans lequel le procédé inclut la
fourniture d’un signal oscillant au fil conducteur et la
détection qu’a la fois le premier élément de boucle
et le second élément de boucle sont couplés de ma-
niére opérationnelle au dispositif d’enregistrement
de surveillance respiratoire sur la base d’'une sur-
veillance du signal oscillant.

Procédé selon la revendication 9, dans lequel le pre-
mier élément de boucle présente un premier contact
électrique (22), le second élémentde boucle présen-
te un second contact électrique (22), le dispositif
d’enregistrement de surveillance respiratoire pré-
sente un premier connecteur (44A) couplé au circuit
de détection de boucle et un second connecteur
(44A) couplé au circuit de détection de boucle, dans
lequel la détection qu’a la fois le premier élément de
boucle et le second élément de boucle sont couplés
de maniére opérationnelle au dispositif d’enregistre-
ment de surveillance respiratoire inclut la détection
que le premier contact électrique est connecté élec-
triquement au premier connecteur et que le second
contact électrique est connecté électriquement au
second connecteur.

Procédé selon la revendication 9, comprenant en
outre la génération du signal basé sur un effort en
réponse a la détection de changements dans une
fréquence d’oscillation dans le fil conducteur géné-
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12.

13.

rés en réponse aux changements de volume de la
partie du corps du patient.

Procédé selon la revendication 11, dans lequel le
signal baseé sur un effort est proportionnel aux chan-
gements de fréquence.

Procédé selon la revendication 8, comprenant en
outre le stockage des données indiquant I'effort res-
piratoire du patient.
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