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SYSTEMS AND METHODS FOR A
RESPIRATORY SENSOR

BACKGROUND

[0001] The subject matter herein relates generally to sys-
tems and methods for a respiratory sensor for a medical
monitoring system that does not require an internal power
source.

[0002] When a patient is admitted into a healthcare facil-
ity, the patient is often connected to a plurality of sensors in
contact with the patient, such as wearable sensors, cardiac
sensor, breathing or respiratory sensor, and/or the like. The
respiratory sensor is configured to detect a respiratory rate
(e.g., breath rate) of the patient, which is monitored by a
clinician. The conventional respiratory sensor may be bands
positioned around a rib cage and abdomen of a patient
having sinusoid coils. The respiratory rate is determined
based on changes in impedance of the sinusoid coils based
on movement by the patient while breathing. However, the
conventional respiratory sensors are noisy and susceptible to
motion artifacts based on movement not related to breathing
of the patient.

BRIEF DESCRIPTION

[0003] In an embodiment a system (e.g., a respiratory
monitoring system) is provided. The system includes a
respiratory sensor positioned within an airflow path of a
patient. The respiratory sensor having an electrical charac-
teristic that varies based on a property of interest of the
airflow path. The system further includes a transmission
circuit communicatively coupled to the respiratory sensor.
The transmission circuit is configured to transmit an exci-
tation signal to the respiratory sensor. The respiratory sensor
is configured to generate a response based on the excitation
signal and the electrical characteristic.

[0004] In an embodiment a method (e.g., for respiratory
monitoring of a patient) is provided. The method includes
adjusting an electrical characteristic of a respiratory sensor
based on a property of interest of the airflow path, receiving
an excitation signal, and generating a response based on the
excitation signal and the electrical characteristic.

[0005] In an embodiment a system (e.g., a respiratory
monitoring system) is provided. The system includes a
respiratory sensor positioned within an airflow path of a
patient and in contact with a body of the patient. The
respiratory sensor having an electrical characteristic that
varies based on a property of interest of the airflow path. The
system further includes a transmission circuit communica-
tively coupled to the respiratory sensor using a communi-
cation channel within the body. The transmission circuit is
configured to transmit an excitation signal to the respiratory
sensor. The respiratory sensor is configured to generate a
response based on the excitation signal and the electrical
characteristic. The system also includes a controller circuit
operably coupled to the transmission circuit. The controller
circuit is configured to determine at least one of a tempera-
ture or flow rate of the airflow path based on the electrical
characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram of an embodiment of a
medical monitoring system.
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[0007] FIGS. 2A-B are positions of various embodiments
of the respiratory sensor with respect to a patient.

[0008] FIGS. 3A-D are schematic diagrams of various
embodiments of a respiratory sensor.

[0009] FIG. 4 is a graphical illustration of an excitation
signal and a response, in accordance with an embodiment.
[0010] FIG. 5 is a graphical illustration of an excitation
signal and a response, in accordance with an embodiment.
[0011] FIG. 6 is a graphical illustration of temperature
changes of a respiratory sensor, in accordance with an
embodiment.

[0012] FIG. 7 is a flow chart of a method for respiratory
monitoring of a patient, in accordance with an embodiment.

DETAILED DESCRIPTION

[0013] The following detailed description of certain
embodiments will be better understood when read in con-
junction with the appended drawings. To the extent that the
figures illustrate diagrams of the functional modules of
various embodiments, the functional blocks are not neces-
sarily indicative of the division between hardware circuitry.
Thus, for example, one or more of the functional blocks
(e.g., processors or memories) may be implemented in a
single piece of hardware (e.g., a general purpose signal
processor or a block of random access memory, hard disk, or
the like). Similarly, the programs may be stand-alone pro-
grams, may be incorporated as subroutines in an operating
system, may be functions in an installed software package,
and the like. It should be understood that the various
embodiments are not limited to the arrangements and instru-
mentality shown in the drawings.

[0014] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present invention are
not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising” or “having” an element or a
plurality of elements having a particular property may
include additional elements not having that property.
[0015] Various embodiments described herein include sys-
tems and methods for a respiratory sensor for a medical
monitoring system that does not require an internal power
source. The respiratory sensor is positioned within an air-
flow of the nose wirelessly and without a separate battery for
the respiration sensor. The medical monitoring system is
formed by separate transceivers, the respiratory sensor and
a transmission circuit, which will provide wireless or on
body excitation signal and then a sensor part that will reflect
that signal back. The electrical characteristics (e.g., fre-
quency, amplitude) of the excitation signal is received by the
respiratory sensor and may be adjusted as a reflected signal
modulated at proportional to an airflow of gas or change in
temperature.

[0016] Optionally, the respiratory sensor may be commu-
nicatively coupled to the transmission circuit utilizing on/in
body transceiver configured to transmit the excitation signal
and listen the reflected signal from the respirator sensor.
Additionally or alternatively, the transmission circuit may be
external from the body and located for example in the hub
or hospital infrastructure. The respiratory sensor of the nose
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may be modulated by the excitation signal utilizing radio
frequency (RF) or acoustic (for example Sonar pulses).
[0017] The respiratory sensor may include, for example, a
resonator loop (e.g., inductor, metal spiral), and a capacitor.
Additionally or alternatively, the resonator loop may be
configured to attached the respiratory sensor to the patient.
The one or more electrical characteristics of the capacitor
(e.g., based on the temperature coefficients) are adjusted
based on the ambient temperature of the respiratory sensor.
The respiratory sensor receives the excitation pulse and is
configured to generate a response based on the excitation
pulse and the electrical characteristics of the respiratory
sensor. For example, the electrical characteristics of the
capacitor adjusts the resonance frequency of the respiratory
sensor, which in turn modifies and/or adjusts the received
excitation pulse that is reflected to the transmission circuit
having a different frequency. Additionally or alternatively,
the respiratory sensor may include a resistor. The one or
more electrical characteristics of the resistor (e.g., based on
the temperature coeflicients) adjusts based on the ambient
temperature an amplitude of the excited signal of the gen-
erated response by the respiratory sensor.

[0018] A technical effect of the various embodiments
allows an extremely small respiratory sensor to the nose
without the need of cable or power.

[0019] FIG. 1 is a block diagram of an embodiment of a
medical monitoring system (MMS) 100. The MMS 100 may
include a transmission circuit 112 and a respiratory sensor
110. In connection with FIGS. 2A-B the respiratory sensor
110 is positioned within an airflow path of a patient. It may
be noted that the respiratory sensor 110 may be positioned
in alternative positions relative to the nose 208 and/or the
nostrils 204, 206 to be within the airflow path of the patient.
The airflow path may represent a path on the body where
ambient air is directed inwards and/or away from the body
of the patient corresponding to the respiratory action of the
patient.

[0020] FIGS. 2A-B are positions 200, 220 of various
embodiments of the respiratory sensor 110 with respect to a
patient 202. The positions 200, 220 of the respiratory sensor
110 are shown having the respiratory sensor 110 within the
airflow path of the patient 202. For example, the airflow path
may be aligned and/or proximate to the nostrils 204, 206 of
a nose 208 of the patient 202. During respiratory action by
the patient, ambient air is inhaled through the nostrils 204,
206 and subsequently exhaled through the nostrils 204, 206.
FIG. 2A illustrates the respiratory sensor 110 positioned
below one of the nostrils 206. As ambient air is inhaled
and/or exhaled through the nostrils 206, the respiratory
sensor 110 is exposed to the flow of the ambient air
traversing the nostril 206.

[0021] FIG. 2B illustrates the respiratory sensor 110
coupled to one of the nostrils 206. For example, the respi-
ratory sensor 110 may include a coil (e.g., inductor) con-
figured to mechanically couple the respiratory sensor 110 to
the nostril 206. As ambient air is inhaled and/or exhaled
through the nostrils 206, the respiratory sensor 110 is
exposed to the flow of the ambient air traversing the nostril
206.

[0022] Returning to FIG. 1, the transmission circuit 112
may be configured to be communicatively coupled to the
respiratory sensor 110, such that the transmission circuit 112
can generate an excitation signal and receive a response
from the respiratory sensor 110.
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[0023] For example, the transmission circuit 112 may be
configured to transmit an excitation signal and/or receive the
response generated by the respiratory sensor 110 utilizing
body-coupled communication (BBC). For example, the
transmission circuit 112 may represent a capacitor having
each terminal of the capacitor in contact with the body.
Sometimes this body-coupled communication is referred to
as “near-field intra-body communication”. The BBC com-
munication is described in U.S. Pat. Nos. 6,992,565, 6,777,
992, 6,223,018, 5,914,701, and 8,633,809, which are incor-
porated herein by reference in their entireties. The BCC
enables the transmission circuit 112 and the respirator sensor
110 to exchange information through capacitive or galvanic
coupling. The transmission circuit 112 may be configured to
utilize the body of the patient as a communication channel.
For example, the transmission circuit 112 and the respiratory
sensor 110 are in contact with the body of the patient. The
transmission circuit 112 may generate an electric field on a
surface of the body corresponding to the excitation signal.
The transmission circuit 122 is capacitively or galvanicly
coupled to the respiratory sensor 110. The excitation signal
is transmitted by modulating electric fields and either
capacitively or galvanicly coupling tiny currents (e.g., pico
amperes) into the body. The body conducts the tiny current
to the respiratory sensor 110.

[0024] Additionally or alternatively, the transmission cir-
cuit 112 may include an RF circuit (not shown) configured
to transmit the excitation signal to the respiratory sensor 110.
The RF circuit may include a transmitter, a receiver, a
transmitter and a receiver (e.g., a transceiver), and/or the
like. Optionally, the RF circuit may be configured to receive
information using the NFC protocol. The NFC protocol may
be a short range wireless communication protocol defined in
ISO/IEC 18092/ECMA-340, ISO/IEC 21481/ECMA-352,
ISO/IEC 14443, and/or the like. For example, the transmis-
sion circuit 112 is configured to generate a magnetic field via
the RF circuit, representing the excitation signal. The trans-
mission circuit 112 may be positioned proximate to the
respirator sensor 110 such that an RF circuit of the respira-
tory sensor 110 is positioned within the magnetic field. For
example, the RF circuit may include an antenna (e.g,
inductor, coil) configured to generate a current when posi-
tioned within the magnetic field of the transmission circuit
112. The current generated by the RF circuit may supply
power to the other components of the respiratory sensor 110.
As the RF circuit of the respiratory sensor 110 is within the
magnetic field of the transmission circuit 112, the transmis-
sion circuit 112 and the respiratory sensor 110 are commu-
nicatively coupled with each other.

[0025] The MMS 100 may include a controller circuit 102
and a memory 108. The controller circuit 102 is communi-
catively coupled to the memory 108 and the transmission
circuit 110. The controller circuit 102 may include and/or
represent one or more hardware circuits or circuitry that
include, are connected with, or that both include and are
connected with one or more processors, controllers, and/or
other hardware logic-based devices. Additionally or alter-
natively, the controller circuit 102 may execute one or more
programmed instructions stored on a tangible and non-
transitory computer readable medium (e.g., memory 108) to
perform one or more operations as described herein.

[0026] The controller circuit 102 may be configured to
generate the excitation signal, which is transmitted by the
transmission circuit 110. For example, the excitation signal
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may represent a sinusoidal and/or digital signal having a set
of predetermined electrical characteristics. The predetet-
mined electrical characteristics may represent an amplitude,
frequency, and/or the like of the excitation pulse.

[0027] The controller circuit 102 may receive the response
generated by the respiratory sensor 110 via the transmission
circuit 112. The controller circuit 102 may be configured to
identify a difference between the excitation pulse and the
response. For example, the response represents a modified
and/or adjusted excitation pulse reflected and/or generated
by the respiratory sensor 110 based on electrical character-
istics of the respirator sensor 110 representative of a prop-
erty of interest (e.g., temperature, flow rate, and/or the like)
of the airflow path. Based on the changes in frequency,
amplitude, and/or the like between the excitation pulse and
the response, the controller circuit 102 may be configured to
determine at least one of the temperature, flow rate of the
airflow path, and/or the like based on the electrical charac-
teristic of the response.

[0028] Forexample, based on the components (e.g., induc-
tor, capacitor, resistor) of the respiratory sensor 110, as
shown in FIGS. 3A-C, and the changes in electrical char-
acteristics of the response relative to the excitation signal the
controller circuit 102 may determine the property of interest.
[0029] FIGS. 3A-D are schematic diagrams 300, 330, 360,
370 of various embodiments of the respiratory sensor 110.
For example, each schematic diagram 300, 330, 360, 370
may include at least one of a capacitor 302, an inductor 304,
and/or a resistor 306.

[0030] The schematic diagram 300 illustrates the respira-
tory sensor 110 having the capacitor 302 and the inductor
304. The capacitor 302 may be configured to be a commu-
nication circuit of the respiratory sensor 110. For example,
the capacitor 302 may be capacitively coupled to the trans-
mission circuit 112 to form a communication channel within
the body 202 of the patient. Additionally or alternatively, the
inductor 304 may be configured as an RF circuit. For
example, the inductor 304 may be configured to receive the
excitation signal corresponding to a magnetic field generated
by the transmission circuit 112.

[0031] Additionally or alternatively, the electrical charac-
teristics of the capacitor 302 is affected by the ambient
temperature. For example, the capacitance of the capacitor
302 may be based on a temperature coefficient (e.g., tem-
perature coefficient of capacitance) of the capacitor 302.
Changes in ambient temperature of the capacitor 302 rela-
tive to a reference temperature adjusts the capacitance
defined by the temperature coeflicient. The ambient tem-
perature of the capacitor 302 is adjusted based on the
respiratory actions of the patient. For example, when the air
of the airflow path is exhaled through the nostrils 204, 206
the air has a temperature approximately the same as the body
temperature of the patient. Based on the higher temperature
of the air of the airflow path, a temperature of the respiratory
sensor 110 having the capacitor 302 is increased, which
adjusts the electrical characteristics of the respiratory sensor
110. When the respiratory sensor 110 generates the response,
the response corresponds to the excitation pulse modified by
the electrical characteristics of the respiratory sensor 110.
[0032] For example, the temperature coeflicient may be
+100 parts per million (ppm) having a reference temperature
of 25 degrees Celsius. As the patient exhales, the tempera-
ture of the capacitor 302 increases to approximately 36
degrees Celsius (e.g., temperature change of 11 degrees
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Celsius), which shifts the capacitance of the capacitor 302
based on the temperature coefficient. For example, the
capacitor 302 may be 2 pF based on the temperature change
of 11 degrees and the temperature coeflicient of +1000 ppm
the capacitance of the capacitor 302 may be adjusted by
+0.022 pF (e.g., 2.022 pF, 1.978 pF). The adjustment in the
capacitance of the capacitor 302 adjusts the resonance
frequency of the respiratory sensor 110 based on the induc-
tor 304 and the capacitor 302. The resonance frequency of
the respiratory sensor 110 may represent a frequency adjust-
ment to the excitation pulse modified by the electrical
characteristics (e.g., change in capacitance) based on the
property of interest (e.g., temperature) of the airflow path.
For example, the inductor 304 may be 0.2 pH such that at the
reference temperature of 25 degrees Celsius the resonance
frequency of the respiratory sensor 110 may be approxi-
mately 7.96 MHz. Based on the ambient temperature
increasing to 36 degrees Celsius, the resonance frequency of
the respiratory sensor 110 may be at approximate 7.91 MHz
or 8 MHz.

[0033] The schematic diagram 370 illustrates the respira-
tory sensor 110 communicatively coupled to the transmis-
sion circuit 112 utilizing a modulated digital signal. The
modulated digital signal may be transmitted using an RF
field (e.g., traversing in the air) via inductors 304 and 374 as
shown in the schematic diagram 370. Optionally, the modu-
lated digital signal may be based on an NFC protocol such
as ISO/MEC 18092/ECMA-340, ISO/IEC 21481/ECMA-
352, ISO/TEC 14443, and/or the like. It may be noted that the
modulated digital signal may be transmitted using the BBC
via capacitively coupling between the transmission circuit
112 and the respiratory sensor 110.

[0034] The transmission circuit 112 is illustrated having a
transceiver 375 conductively coupled to the inductor 374.
The transceiver 375 with the inductor 374 is configured to
generate the modulated digital signal representing the exci-
tation signal via a magnetic field generated by the inductor
374. The modulated digital signal is received by the respi-
ratory sensor 110 via the inductor 304. Based on the modu-
lated digital signal, electrical power (e.g., current) is genet-
ated by the inductor 304 and is received by a diode 378.
Based on the current generated by the inductor 304, a
voltage potential is provided by the diode 378 activating a
controller 379. The controller 379 may be embodied in
hardware, such as a processor, application specific inte-
grated circuit, or other logic-based device, that performs
functions or operations based on one or more sets of
instructions (e.g., software). The instructions on which the
hardware operates may be stored on a tangible and non-
transitory (e.g., not a transient signal) computer readable
storage medium (e.g., memory). Alternatively, one or more
of the sets of instructions that direct operations of the
hardware may be hard-wired into the logic of the hardware.
The controller 379 may be configured to generate a modu-
lated digital signal representing a response based on the
excitation signal received from the transmission circuit 112
and the electrical characteristics of the respiratory sensor
110.

[0035] In connection with FIG. 4, the controller circuit
102 is configured to identify a difference between an exci-
tation signal 406 and a response 408 to determine at least
one of the temperature or flow rate based on the different.
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For example, the electrical characteristics of the respiratory
sensor 1110 represents an adjusted frequency of the excita-
tion signal 406

[0036] FIG. 4 is a graphical illustration 400 of the exci-
tation signal 406 and the response 408, in accordance with
an embodiment. The excitation signal 406 and the response
408 are shown along a horizontal axis 402 representing time.
A vertical axis 404 may represent an amplitude (e.g., volt-
age, current). For example, the excitation signal 406 is
configured by the controller circuit 102 and transmitted by
the transmission circuit 112. The excitation signal 406 is
shown as a sinusoidal waveform in the graphical illustration
400, however in various embodiments the excitation signal
406 may be a digital and/or binary signal. The excitation
signal 406 may have a set of predetermined electrical
characteristics. For example, the controller circuit 102 may
configure the excitation signal 406 to have a frequency of 10
MHz having a period 410. It may noted that the excitation
signal 406 may have a different frequency than 10 MHz such
as greater than 1 MHz (e.g., 100 MHz, 400 MHz, 1 GHz).
The transmission circuit 112 receives the response 408
generated by the respiratory sensor 110. The response 408
represents a modified reflection of the excitation signal 406
based on the electrical characteristics of the respiratory
sensor 110, such as the capacitor 302. The controller circuit
102 is configured to analyze the response 408 to determine
the at least one of the temperature or flow rate of the airflow
path based on the temperature coeflicient of the capacitor
302. For example, the controller circuit 102 may determine
a frequency of the response based on a period 412 of the
response 408. Based on the period 412 the controller circuit
102 may calculate the frequency of the response 408 to be
8 MHz. The controller circuit 102 may compare the fre-
quency of the excitation signal 406 and the response 408 to
determine the difference, such as 2 MHz. Based on the 8
MHz frequency of the response 408, the controller circuit
102 may determine a temperature of the respiratory sensor
110.

[0037] For example, the memory 108 may store the elec-
trical characteristics of the inductor 304 (e.g., 2 pH) and the
capacitor 302 (e.g., 2 pF), and the temperature coefficients
(e.g., 1000 ppm of the capacitor 302). Based on the
frequency of 8 MHz, the controller circuit 102 may detet-
mine the capacitance of the capacitor 302 to be approxi-
mately 1.978 pF. The controller circuit 102 utilizing the
adjusted capacitance may determine the temperature based
on the temperature coefficient to be 36 degrees Celsius,
representing a temperature of the airflow path.

[0038] Returning to FIG. 3B, the schematic diagram 330
illustrates the respiratory sensor 110 having the capacitor
302, the inductor 304, and the resistor 306. The electrical
characteristics of the capacitor 302 and the resistor 306 are
affected by the ambient temperature. For example, the
resistance of the resistor 306 may be based on a temperature
coeflicient (e.g., temperature coeflicient of resistance) of the
resistor 306. Similar to and/or the same as the relationship
of the temperature coeflicient with the capacitor 304,
changes in ambient temperature of the resistor 306 relative
to a reference temperature adjusts the resistance defined by
the temperature coefficient. In connection with FIG. 5, the
electrical characteristics of the resistor 306 modifies the
excitation signal 406 by generating a response 504 having an
adjusted amplitude 502. For example, the electrical charac-
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teristics of the respiratory sensor 1110 represents an adjusted
frequency and/or amplitude of the excitation signal 406

[0039] FIG. 5 is a graphical illustration 500 of the exci-
tation signal 406 and the response 504, in accordance with
an embodiment. The response 504 represents a modified
reflection of the excitation signal 406 based on the electrical
characteristics of the respiratory sensor 110, such as the
capacitor 302 and the resistor 306. The controller circuit 102
is configured to analyze the response 408 to determine the at
least one of the temperature or flow rate of the airflow path
based on the temperature coeflicient of the capacitor 302. As
described above in reference to FIG. 4, the controller circuit
102 may be configured to identify a change in frequency of
the response signal 504 relative to the excitation signal 406.
In another example, the controller circuit 102 may determine
a change in amplitude 502 of the response 504 relative to the
excitation signal 406. The change in amplitude 502 is based
on the resistance of the resistor 306. Based on the change in
amplitude the controller circuit 102 may calculate the
change in resistance of the resistor 306 relative to the
resistance value stored in the memory 108. For example, the
memory 108 may store the electrical characteristics of the
inductor 304, the capacitor 302, the resistor 306, and the
temperature coeflicients of the resistor and capacitor. The
controller circuit 102 utilizing the adjusted resistance may
determine the temperature of the respiratory sensor 110
representing a temperature of the airflow path based on the
temperature coeflicient and the electrical characteristics of
the respiratory sensor 110. Additionally alternatively, the
controller circuit 102 may compare the temperature value
determined from the capacitance (e.g., change in frequency)
and the resistance (e.g., change in amplitude). For example,
the controller circuit 102 may calculate an average tempera-
ture value of the respiratory sensor 110 based on the tem-
perature determinations from the change in frequency and
change in amplitude.

[0040] It may be noted that the respiratory sensor 110 may
have at least one of the capacitor 302, the inductor 304, and
the resistor 306. In connection with FIG. 3C, the schematic
diagram 360 illustrates the respiratory sensor 110 having the
inductor 304 and the resistor 306. For example, the control-
ler circuit 102 may determine the temperature and/or flow
rate based on changes in the electrical characteristics, such
as the change in amplitude of the response relative to the
excitation signal.

[0041] In connection with FIG. 6, the controller circuit
102 may calculate a respiratory rate based on the tempera-
ture changes. FIG. 6 is a graphical illustration 600 of
temperature changes of the respiratory sensor 110, in accor-
dance with an embodiment. The temperature changes are
plotted along a horizontal axis 601 representing time and a
vertical axis 602 representing temperature. For example, the
temperature changes are illustrated as temperature peaks
603-606. The peaks 603-606 may correspond to a series of
temperature values determined by the controller circuit 102
based on the electrical characteristics of the respiratory
sensor 110. For example, the excitation signal 406 may be
continually and/or repeatedly transmitted by the transmis-
sion circuit 112 at a sample rate and/or set period of time.
The controller circuit 102 may generate the excitation signal
406, which is transmitted by the transmission circuit 112,
every 50 ms. Additionally or alternatively, the rate at which
the excitation signal 406 is transmitted is based on a char-
acteristics (e.g., age, weight, height) of the patient. For
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example, an infant may generally have a higher respiratory
rate (e.g., 25-40 breaths per minute) than an adult (e.g., over
18 years old) patient (e.g., 12-18 breaths per minute). The
controller circuit 102 may increase the sample rate of which
the excitation signal 406 is transmitted by the transmission
circuit 112 for an infant relative to an adult patient.

[0042] Based on the temperature peaks 603-606, the con-
troller circuit 102 may determine a respiratory rate of the
patient. For example, the temperature peaks 603-606 corre-
spond to an increase in temperature corresponding to an
inhalation of the ambient air of the airflow path into the body
202 of the patient relative to a room temperature 608. The
controller circuit 102 is configured to identify the peaks
603-606, and based on a position of the peaks 603-606
relative to each other along the horizontal axis 601, repre-
senting time, determine the respiratory rate of the patient.
For example, the controller circuit 102 may calculates a
period 610 between temperature peaks 603-604 is 4 seconds
representing a respiratory rate of 15 breaths per minute.
Additionally or alternatively, the controller circuit 102 may
calculate an average respiratory rate based on more than two
peaks 603-606.

[0043] Optionally, the controller circuit 102 may deter-
mine a flow rate based on the electrical characteristics of the
respiratory sensor 110. The flow rate of the ambient air along
the airflow path corresponds to a rate of temperature change
of the respiratory sensor 110. For example, the rate of
temperature change may be based on a peak time 612. The
peak time 612 may represent a length of time for the
temperature of the respiratory sensor 110 to transition from
a first temperature (e.g., the room temperature 608) to a
second temperate (e.g., a peak temperature 614). A surface
area of the respiratory sensor 110 within the airflow path
may be stored in the memory 108. The surface area may
represent a surface area of the capacitor 302 and/or the
resistor 306. Based on a rate of temperature change and the
surface area, the controller circuit 102 may determine a
flowrate.

[0044] FIG. 7 is a flow chart of a method 700 for respi-
ratory monitoring of a patient, in accordance with an
embodiment. The method 700, for example, may employ
structures or aspects of various embodiments (e.g., systems
and/or methods) discussed herein. In various embodiments,
certain steps (or operations) may be omitted or added,
certain steps may be combined, certain steps may be per-
formed simultaneously, certain steps may be performed
concurrently, certain steps may be split into multiple steps,
certain steps may be performed in a different order, or
certain steps or series of steps may be re-performed in an
iterative fashion. In various embodiments, portions, aspects,
and/or variations of the method 700 may be used as one or
more algorithms to direct hardware to perform one or more
operations described herein.

[0045] Beginning at 702, the respiratory sensor 110 is
configured to be positioned within an airflow path of a
patient. For example in connection with FIGS. 2A-B, at least
a portion of the respiratory sensor 110 may be positioned
proximate to one or more nostrils 204, 206 of the patient.
The position of the respiratory sensor 110 is such that at least
one or more components (e.g., at least one of the capacitor,
inductor, resistor) of the respiratory sensor 110 is exposed to
changes in direction and/or speed of the ambient air based on
a respiratory action (e.g., inhale, exhale) of the patient.
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[0046] At 704, the respiratory sensor 110 is configured to
adjust an electrical characteristic based on a property of
interest of the airflow path. For example, the property of
interest may correspond to a temperature or flow rate of the
airflow path. As air along the airflow path is transitioned
(e.g., inhaled, exhaled) a temperature of the components
(e.g., capacitor 302, resistor 306) is changed. The electrical
characteristics are adjusted corresponding to the temperature
coefficients of the components of the respiratory sensor 110.
[0047] At 706, the respiratory sensor 110 is configured to
receive the excitation signal 406. For example, the controller
circuit 102 may generate the excitation signal 406 having
predetermined electrical characteristics (e.g., frequency,
amplitude). The excitation signal 406 may be transmitted by
the transmission circuit 112. For example, the transmission
circuit 112 may be capacitively coupled to the respiratory
sensor 110, and communicate the excitation signal 406
utilizing a communication channel within the body. In
another example, the transmission circuit 112 may include
an RF circuit configured to transmit the excitation signal 406
using a magnetic field.

[0048] At 708, the respiratory sensor 110 is configured to
generate a response (e.g., the response 408, 504) based on
the excitation pulse and the electrical characteristics. For
example, the respiratory sensor 110 may reflect the excita-
tion pulse 406 to form the response. The electrical charac-
teristics of the respiratory sensor 110 modifies and/or adjusts
the excitation pulse 406 to form the response. For example,
the frequency of the excitation pulse 406 may be adjusted
based on the resonance frequency of the respiratory sensor
110. In another example, an amplitude of the excitation
pulse 406 may be adjusted based on a resistance of the
respiratory sensor 110.

[0049] At 710, the controller circuit 102 is configured to
identify a difference between the excitation signal 406 and
the response. For example, the controller circuit 102 may
receive the response via the transmission circuit 112. The
controller circuit 102 may compare the electrical character-
istics of the excitation signal 406 (e.g., frequency, ampli-
tude) to identify differences of the response relative to the
excitation signal 406.

[0050] At 712, the controller circuit 102 is configured to
determine at least one of a temperature or a flow rate of the
airflow path based on the electrical characteristics. The
electrical characteristics of the respiratory sensor 110 is
represented by the difference between the excitation signal
406 and the response. For example, the controller circuit 102
may identify a frequency change of the response relative to
the excitation signal 406. The controller circuit 102 may
determine the capacitance based on the frequency of the
response and compare the capacitance to the capacitance at
a reference temperature stored in the memory 108. Based on
the temperature coeflicient of the capacitor 302, the control-
ler circuit 102 can determine the temperature change corre-
sponding to the change in capacitance to result in the
electrical characteristics of the frequency of the respiratory
sensor 110. In another, the controller circuit 102 may iden-
tify an amplitude change of the response relative to the
excitation signal 406. The controller circuit 102 may deter-
mine the resistance based on the amplitude of the response
and compare the resistance to the resistance at a reference
temperature stored in the memory 108. Based on the tem-
perature coeficient of the resistor 306, the controller circuit
102 can determine the temperature change corresponding to
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the change in resistance to result in the electrical character-
istics of the amplitude of the respiratory sensor 110.
[0051] It should be noted that the various embodiments
may be implemented in hardware, software or a combination
thereof. The various embodiments and/or components, for
example, the modules, or components and controllers
therein, also may be implemented as part of one or more
computers or processors. The computer or processor may
include a computing device, an input device, a display unit
and an interface, for example, for accessing the Internet. The
computer or processor may include a microprocessor. The
microprocessor may be connected to a communication bus.
The computer or processor may also include a memory. The
memory may include Random Access Memory (RAM) and
Read Only Memory (ROM). The computer or processor
further may include a storage device, which may be a hard
disk drive or a removable storage drive such as a solid-state
drive, optical disk drive, and the like. The storage device
may also be other similar means for loading computer
programs or other instructions into the computer or proces-
SOt

[0052] As used herein, the term “computer,” “subsystem,”
“circuit” or “module” may include a processor-based or
microprocessor-based system including systems using
microcontrollers, reduced instruction set computers (RISC),
ASICs, logic circuits, and any other circuit or processor
capable of executing the functions described herein. The
above examples are exemplary only, and are thus not
intended to limit in any way the definition and/or meaning
of the term computer,” “subsystem,” “circuit” or “module”.
The one or more processors execute a set of instructions that
are stored in one or more storage elements, in order to
process input data. The storage elements may also store data
or other information as desired or needed. The storage
element may be in the form of an information source or a
physical memory element within a processing machine.
[0053] The set of instructions may include various com-
mands that instruct the computer or processor as a process-
ing machine to perform specific operations such as the
methods and processes of the various embodiments. The set
of instructions may be in the form of a software program.
The software may be in various forms such as system
software or application software and which may be embod-
ied as a tangible and non-transitory computer readable
medium. Further, the software may be in the form of a
collection of separate programs or modules, a program
module within a larger program or a portion of a program
module. The software also may include modular program-
ming in the form of object-oriented programming. The
processing of input data by the processing machine may be
in response to operator commands, or in response to results
of previous processing, or in response to a request made by
another processing machine.

[0054] As used herein, a structure, limitation, or element
that is “configured to” perform a task or operation is
particularly structurally formed, constructed, or adapted in a
manner corresponding to the task or operation. For purposes
of clarity and the avoidance of doubt, an object that is merely
capable of being modified to perform the task or operation
is not “configured to” perform the task or operation as used
herein. Instead, the use of “configured to” as used herein
denotes structural adaptations or characteristics, and denotes
structural requirements of any structure, limitation, or ele-
ment that is described as being “configured to” perform the
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task or operation. For example, a controller circuit, proces-
sor, or computer that is “configured to” perform a task or
operation may be understood as being particularly structured
to perform the task or operation (e.g., having one or more
programs or instructions stored thereon or used in conjunc-
tion therewith tailored or intended to perform the task or
operation, and/or having an arrangement of processing cit-
cuitry tailored or intended to perform the task or operation).
For the purposes of clarity and the avoidance of doubt, a
general purpose computer (which may become “configured
to” perform the task or operation if appropriately pro-
grammed) is not “configured to” perform a task or operation
unless or until specifically programmed or structurally modi-
fied to perform the task or operation.

[0055] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory. and non-volatile RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0056] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the various embodi-
ments without departing from their scope. While the dimen-
sions and types of materials described herein are intended to
define the parameters of the various embodiments, they are
by no means limiting and are merely exemplary. Many other
embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
various embodiments should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, in the following
claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical
requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35
US.C. § 112(f) unless and until such claim limitations
expressly use the phrase “means for” followed by a state-
ment of function void of further structure.

[0057] This written description uses examples to disclose
the various embodiments, including the best mode, and also
to enable any person skilled in the art to practice the various
embodiments, including making and using any devices or
systems and performing any incorporated methods. The
patentable scope of the various embodiments is defined by
the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to
be within the scope of the claims if the examples have
structural elements that do not differ from the literal lan-
guage of the claims, or the examples include equivalent
structural elements with insubstantial differences from the
literal language of the claims.
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What is claimed is:

1. A respiratory monitoring system comprising:

a respiratory sensor positioned within an airflow path of

a patient, the respiratory sensor having an electrical
characteristic that varies based on a property of interest
of the airflow path; and

a transmission circuit communicatively coupled to the

respiratory sensor, wherein the transmission circuit is
configured to transmit an excitation signal to the respi-
ratory sensor, the respiratory sensor is configured to
generate a response based on the excitation signal and
the electrical characteristic.

2. The respiratory monitoring system of claim 1, wherein
the response corresponds to the excitation signal modified
by the electrical characteristic.

3. The respiratory monitoring system of claim 1, further
comprising a controller circuit operably coupled to the
transmission circuit, wherein the controller circuit is con-
figured to determine at least one of a temperature or flow rate
of the airflow path based on the electrical characteristic.

4. The respiratory monitoring system of claim 3, wherein
the respiratory sensor includes at least one of a capacitor, a
resistor or an inductor having a predetermined temperature
coeflicient that represents the electrical characteristic, the
controller circuit configured to analyze the response to
determine the at least one of the temperature or flow rate of
the airflow path based on the predetermined temperature
coefficient.

5. The respiratory monitoring system of claim 4, wherein
the controller circuit configured to identify a difference
between the excitation signal and the response to determine
the at least one of the temperature or flow rate based on the
difference.

6. The respiratory monitoring system of claim 1, wherein
the respiratory sensor includes a communication circuit
communicatively coupled to the transmission circuit using a
communication channel within a body of the patient, the
communication circuit and the transmission circuit being in
contact with the body.

7. The respiratory monitoring system of claim 1, wherein
the respiratory sensor and the transmission circuit include
RF circuits, the RF circuit of the respiratory sensor is
configured to receive the excitation signal.

8. The respiratory monitoring system of claim 1, wherein
the electrical characteristic represents an adjusted frequency
or amplitude of the excitation signal.

9. A method for respiratory monitoring of a patient, the
method comprising:

adjusting an electrical characteristic of a respiratory sen-

sor based on a property of interest of an airflow path;
receiving an excitation signal;

generating a response based on the excitation signal and

the electrical characteristic.

10. The method of claim 9, further comprising determin-
ing at least one of a temperature or flow rate of the airflow
path based on the electrical characteristic.
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11. The method of claim 10, further comprising identify-
ing a difference between the excitation signal and response,
wherein the determining operation is based on the differ-
ence.

12. The method of claim 9, wherein the generating
operation includes modifying the excitation signal based on
the electrical characteristic.

13. The method of claim 9, further comprising positioning
the respiratory sensor within an airflow path of a patient.

14. The method of claim 9, wherein the respiratory sensor
includes at least one of a capacitor, a resistor or an inductor
having a predetermined temperature coefficient that repre-
sents the electrical characteristic.

15. The method of claim 9, further comprising positioning
the transmission circuit and the respiratory sensor in contact
with a body of the patient, wherein the respiratory sensor
includes a communication circuit communicatively coupled
to the transmission circuit using a communication channel
within the body of the patient.

16. The method of claim 9, wherein the respiratory sensor
and the transmission circuit include RF circuits, the receiv-
ing operation includes receiving the excitation signal from
the RF circuit of the respiratory sensor.

17. The method of claim 9, wherein the electrical char-
acteristic represents an adjusted frequency or amplitude of
the excitation signal.

18. A respiratory monitoring system comprising:

a respiratory sensor positioned within an airflow path of

a patient and in contact with a body of the patient, the
respiratory sensor having an electrical characteristic
that varies based on a property of interest of the airflow
path;

a transmission circuit communicatively coupled to the
respiratory sensor using a communication channel
within the body, wherein the transmission circuit is
configured to transmit an excitation signal to the respi-
ratory sensor, the respiratory sensor is configured to
generate a response based on the excitation signal and
the electrical characteristic; and

a controller circuit operably coupled to the transmission
circuit, wherein the controller circuit is configured to
determine at least one of a temperature or flow rate of
the airflow path based on the electrical characteristic.

19. The respiratory monitoring system of claim 18,
wherein the respiratory sensor includes a capacitor and a
resistor or an inductor having a predetermined temperature
coeflicient that represents the electrical characteristic, the
controller circuit configured to analyze the response to
determine the at least one of the temperature or flow rate of
the airflow path based on the predetermined temperature
coefficient.

20. The respiratory monitoring system of claim 18,
wherein the controller circuit configured to identify a dif-
ference between the excitation signal and response to deter-
mine the at least one of the temperature or flow rate based
on the difference.
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