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(57) Abstract: A respiratory apparatus evaluates accuracy of a pressure sensor, such as when only a single pressure sensor is
provided. The accuracy of the pressure sensor may be assessed based on pressure measurement obtained from the pressure sensor
and a subordinate or secondary characteristic of the respiratory device such as altitude or atmospheric pressure. A controller or pro -
cessor may calculate the altitude of the respiratory device based in part on the pressure measurement. In some embodiments, the as-
sessment of the pressure sensor may involve an evaluation of the calculated altitude. In some cases, the assessment of the pressure
sensor may involve determining an estimated pressure based on a calculated altitude, and comparing the pressure measurement ob-
tained from the pressure sensor with the estimated pressure.
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PRESSURE SENSOR EVALUATION
FOR RESPIRATORY APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This applidation claims the benefit of the filing
date of United States Provisional Patent Application No.
61/666,367 filed June 29, 2012, the disclosure of which is
hereby incorporated herein by reference.

FIELD OF TECHNOLOGY . v

[0002] The present technolog§/ relates to methods‘ for
monitoring accuracy of sensors used for respiratory apparatus,
such as methods and apparatus for determining accuracy of a
pressure sensor. '

BACKGROUND OF THE TECHNOLOGY

[0003] Patients diagnosed with disordéped breathing
problems, such as sleep disordered breathing, snoring, upper
airway flow limitation, hypopnea,. épnea; or similar, may rely
on a respiratory apparatus, such as a continuous positive
airway pressure‘(CPAP) or a Bilevel positive pressure device,
to assist with maintaining an open airway. . Other forms of a
respiratory apparatus include a ventilator. A ventilator
assists a patient to breathe by providing oxygen to the lungs
and removing carbon dioxide from the\body. A ventilator can
be used for a patient that is. unable to or has a reduced
capaéity to, for example due to lung disease, breathe on their
own. ' } A

[0004] A respiratory apparatus may include a flow génerator
coupled to a patient interface (e.g., mask or cannula, etc.)
to generate a supply of positively pressurized gas for supply
to the patient’s airways at one or more pressures.

- [0005] A respiratory apparatus may also include one or more
sensors, such as a pressure sensor, to monitor characteristics

of the breathable gas, such as pressure, to be provided to the
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patient. Based on the measured characteristics, the apparatus
may.contfol adjustments to .respiratory parameters such as by
changing a treatment pressure above atmospheric pressure to
splint open an obstructed or partially obstructed patient
airway or a change in a pressure support (PS) to provide
ventilation that meets a targét volume where pressure support
is a difference between "an inspiratory pressure vand an
expiratory pressure. Such adjustments may be made by a
controller setting or adjusting the motor speed of the flow
generator or the controller setting of an aperture of a relief
‘valve of the system. A false reading by any sensor involved
in the confrol of the breathable gas may yield inaccurate
control thereof, which, in turn, may adversely affect patient
breathing, comfort or safety. |
[0006] To ensure accurate performance ’by a réspiratory
' apparatus, it may be  desirable to develob methods for
monitoring or detecting the accuracy of sensors, before and/or
during use, such as a pressure sensor, or for detecting a
fault with such sensors.
BRIEF SUMMARY OF THE TECHNOLOGY
[0007] Some embodiments of the present technology ihciude a
methodology to monitor accuracy of a sensor involved in
control of a respiratory treatment.
[0008] Some embodiments of the present technology include a-
respiratory apparatus that monitors accuracy of a sensor
involved in its control of the apparatus.
[0009] = Some embodiments may evaluate a pressure sensor
based on a subordinate or secondary characteristic of the.
apparatus. »
[0010] Some embodiments may evaluate a pressure sensor
based on an altitude of the apparatus.
foo1i1i} Some embodiments may evaluate a preséure sensor

based on an atmospheric pressure, such as an atmospheric
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pressure, of the apparatus or in which the apparatus is

operated.
[0012] Some such embodiments may achieve such monitoring
without redundant sensors. For example, some embodiments may

evaluate a pressure sensor without an additional pressure
sSensor. Some embodiments may evaluate -a pressure sensor
without an altimeter.
[0013] Some embodiments of the present technology include a
method for determining accuracy of a pressure sensor in a
respirétory device. The method may include measuring a
pressure of .a flow of breathable gas generated by the
respiratory device usihg the pressure sensor. The method may
also include determining, with a processor, accuracy of the
pressure sensor based on the measured pressure and an altitude
of the respiratory device. |
[0014] , In some cases, the respiratory device may include a
flow‘generator with a motor included therein to generate a
pressurised flow of breathable gas. vThe altitude of the
respiratory device may be input by a user. The altitude of
the respiratory device may be measured by ‘an altimeter of the
respiratory device. In some cases, the procéssor may calculate
an estimate of ‘the altitude of the respiratory device.
Moreover, the processor may determine the accuracy of the
. pressure sensor based on an evaluation of the calculated
altitude.
[0015] In some cases, the processor may calculate the
altitude of the réspiratory device as a function of (a) the
pressure measured by fhe pressure sensor and one or both of
(b) (1) a measured flow rate of the flow of breathable gas and
(b)(2) a measured motor speed of +the flow generator.
Optionally, the processor may calculate the altitude of the
respiratory device as a function of a measured temperature of

7

the flow of breathable gas.
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[0016] The processor may calculate the altitude of the
respiratory device when the flow generator controls the gas at
a constant predetermined flow rate, such as about 20
liters/minute, or a constant;pfedetermined flow rate that is
less than 50 liters/minute, or a constant predetermined flow
rate that is in the range between about 10 literé/minute and
about 60 liters/minute. Still further, the processor may
calculate the altitude of the respiratory device when the flow
generator controls a cohsﬁant predetermined motor speed.

[0017] In some cases, the processor may evaluate the
calculated altituqe by comparing the calculated altitude with
‘a prédetermined range of altitudes. In some cases, the
predetermineq range of altitudes may be between 0 and 9000
feet above sea levei. The predetermined range of altitudes
may be between 500 feet below sea level and 10,000 feet above
sea :level. The processor may deem the calculated altitude
acceptable when the calculated altitude ' is within the
predetermined range\of‘altitudes. The processor may deem the
calculated altitﬁde unacceptable when the calculated altitude
is outside the predetermined range of altitudes.“

[o018] In some 'caSes, the processor may calculate the
altitude of the respiratory device at a predefermined
frequency over a predetermined period of time. The
predetermined frequency may be'betﬁeen about 1 and 2 hertz.
The predetermined period of time may be about 5 seconds.
_ Optionally, the processor may evaluate the /pressure sensor
‘based "on an average of the calculated altitudes. The
processor may even determine the pressure sensor to be
accurate when an average of the calculated altitudes satisfies
a threshold compariéon. . The processor may evaluate the
pressure sSensor in an initialization process before the

respiratory device provides treatment to a patient. In some
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cases, the processor may store the altitude of the respiratory
device in a memory.
[0019] In some versions, . the processor may evaluate
accuracy of the pressure sensor by calculating expected
- pressure of the gas generated by the respiratory device and by
comparing the measured pressure with the expected pressure.
The processor may calculate the expected pressure from the
altitude of the‘respiratory device, a measured flow rate of
the flow of breathable gas, and a measured motor speed of the
flow generator. The processor may calculate the expected
pressure from a measured temperature of the flow of breathable
gas. The processor may determine the accuracy of the pressure
sensor by comparing a difference between the measured pressure
and the expected pressure with a predetermined threshold. The
predetermined threshold may be about 5 cmH;0. The processor may
~determine 'the pressure sensor inaccurate when the difference
exceeds the predetermined threshold. The processor’ may
determine Ithe{ pressure sensor to be accurate when the
difference is within the .predetermined threshold. In some
~ cases, the measurement of the pressure, the calculation of the
expected pressure, and the comparison of the measured pressure
with the expected pressure may be performed at a predetermined
frequency over a predetermined period of time. The
predetermined frequency may be between about- 1 'and 2 hertz.
The predetermined period of time may be about 5 seconds. In
some cases, the processor may determine the pressure sensor to
be inaccurate bésed\ on a plurality of comparisons between
measured pressures and expected pressures.
[0020] In some cases, the altitude of the respiratory
device may be a first altitude, and the processor may
determine the accuracy Qj,the'pressure sensor by calculating a
second altitude of the ;espiratory device and by comparing the

second altitude of the respiratory device with the first
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altitude of the respiratory device. ‘The processor may
calculate the second altitude of the respiratory device from a
measured flow rate of the flow of breathable gas, a measured
motor speed of the flow generator, and the pressure measured
by the pressure sensor. = The processor may calculdte the
second altitude of the respiratory device from a measured
temperature of the flow of breathable gas. The proc¢essor may
determine thevaccuracy of the pressure sensor by comparing a
difference between the first altitude‘and the second altitude
with a predetermined threshold. The predetermined threshold
may be about 600 feet, for example. The processor may
determine the pressure sensorb to be inaccurate when the
difference exceeds the predetermined threshold. The processor
may determine ‘the pressure sensor to be accurate when the
difference is within the predetermined threshold. The
processor may calculate the second altitude at a predetermined
frequency for a predetermined period - of time. The
predetermined frequency may be between about 1 and 2 hertz.
The predetermined period of time may be about 5 seconds.

[0021] In some such cases, the processor may determine the
pressure sensor inaccurate when an average of the second’
altitude calculated during the predetermined period of time
differs from tne first altitude by an offset greater than a
predetermined threshold. The processor may determine the
pressure sensor accurate when an average of the second
altitude calculated during the predetermined period of time
differs from the first altitude by an offset not greater than
a predetermined threshold.

[0022] In some versions, the method may include setting a
motor speed for the flow generator based on the measured
pressure, when the processor determines the pressure sensor
inaccurate. The method may also'inelude maintaining the motor

speed under a speed limit threshold. The method may also
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include determining a desired gas pressure to be generated by
the flow generator, and determining a desired motor .speed for

the flow generator based on a predetermined association

between motor speed values and pressure values. N
[0023]  Some embodiments of the present technology include a
‘respiratory apparatus. The apparatus may include a flow

generator with a blower included therein 'to generate a
bréathable gas for a patient interface at a pressure above
atmospheric pressure. A pressure sensoq}may be coupled with
the flow generator and may be configured to measure pressure
of the flow of breathable gas. The apparatus may also include
a processor coupled with the pressure sensor and configured to
determine accuracy of the pressure sensor based on the
measured . pressure and -an- altitude of the ‘resbifatory
'apparatus. ‘

[0024] The respiratory apparatus may also include a flow
sensor. configured to measure a flow rate of the flow of
breathable gas. The respifatory.apparatus may also include a
motor speed sensor’configuredvto'measure a motor speed of the
flow generator. The respiratory apparatus may also include a
user input/output (I/0) device configured to receive the
altitude of the respiratory apparatus input by a usef. ' The
respiratory apparatus may also include an altimeter to
determine the altitude of the respiratory apparatus.

[0025] - The processor may' be configured to set the flow
generator to a motor‘speed based on the pressure measured by
the pressure sensor, when the - processor determihes the’
pressure sensor’inaccurate. The processor may be configured to
maintain the motof speed under a speed limit threshold. The
processor may be configured' to determine a desired gas
pressure to be 'generated by the flow Qenerator, and to

determine a desired motor speed for the flow generator based
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on a predetermined association between motor speed véiues and
pressure values. |

[0026] The subject headings wused in the detailed
description are included only for the ease of reference of the
reader and should not be used to limit the subject matter
found throughout the disclosure or the claims. The subject
headings should not be used in construing the scope of the
claims or the claim limitations.

[0027] Various aspects of the described example
embodiments may be combined with aspects of certain other
example embodiments to realize yet further embodiments. It is
to be understood that one or more features of any dne example
may be combinable with one or more features of the other
examples. In addition, any single feature or combination of
features in‘any example or examples may constitute patentable
‘sﬁbject matter. ,

[0028] Other features of the technology will be apparent
from consideration of the information ‘contained in the
following detailed description. |

BRIEF DESCRIPTION OF THE DRAWINGS ' '

[0029] The .accompanying drawings, which are incorporated
in and -constitute a part of this specification, illustrate
embodiments of the present disclosure and/ together with tﬁe
detailed description of the embodiments'given below, serve to
explain the principles of the disclosure.

[0030] FIG. 1 shows an example respiratory apparatus of the

present technology; -
[0031] FIG. 2 is a block diagram of an example

configuration of the respiratory apparatus of FIG. 1 with
.optional components; o
[o032] FIG. 3 is a flow diagram illustrating an example
methodology for a controller to determine ' accuracy of

operation of a pressure sensor;
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'[0033] FIG. 4 is a Dblock diagram of an example
configuration of a pressure sensor fa&lt detector;-

[0034] FIG. 5 1is a flow diagram illustrating another
methodology for a controller to determine accuracy of a
pressure sensor; ‘
[0035] FIG. 6 is a flow diagram illustrating a method for
detefmining accuracy of ‘the pressufe sensor according to
another embodiment; ' | : »

[0036] FIG. 7 is a flow diagram illustrating a method for
determining accuracy of the pressure sensor according to yet
another eﬁbodimeht;

[0037] FIG. 8 is a flow diagram illustratiﬁg*a method for
determining accufécy of the pressure sensor .according tovstill
yet énother embodiment;

[0038]  FIG. 9 is a flow diagram illustrating a method for
determining accuracy of the pressure sensor according to a
further embodiment; ‘

foo39] - FIG. lolis a flow diagram illustrating a method for
determining accuracy of the pressure sensor according to a yet
further embodiment; | v | .

[0040] FIG. 11 is a flow diagram illustrating a method for
determining accuracy of the pressure sensor according to a
still yet further embodiment;

[0041] FIG. 12 is a flow diagram of a method by a pressure
sensor fault handler according to one embodiment; and ‘
[0042] FIG. 13 is a flow diagram of a method by a pressure
sensor fault handler according to another embodiment.

DETAILED DESCRIPTION '

[0043] @ For simplicity and clarity of illustration, like
réference numerals may be used in the drawings to identify
ideﬁtical or analogous stiuctural elements.

{0044] Flow diagrams may be kused in the drawings to

illustrate processes, operations or methods perfbrmed by
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components, devices, parts, systems, or apparatuses disclosed
herein. The flow diagrams are mere exemplary illustrations of
steps or algorithms performed in individual processes,
operations or methods, such as by a suitably configured
controller or processor. The processes may be performed in
the precise order as illustrated in the flow diagrams.
Alternatively, various steps may be handled simultaneously or
performed in sequences different from that illustrated. Steps
may also be omitted from or added to the flow diagrams un%ess
otherwise stated. ‘
| Example System Components

[0045] As illustrated in FIG. 1, example embodiments of the

‘present ‘technoldgy' may include a respiratory apparatus 100.
The respiratory apparatus 100 may be any type of a respiratory
apparatus including, but not limited to: a continuous positive
éirway pressure (CPAP) device, an automatic .positive ~airway
pressure (APAP) device, a bi-level positive airway pressure
(BPAP) device, a variable .positive airway pressure (VPAP)
device, and a ventilator. l ' |
[0046] FIG. 2 is a block diagram illustrating an‘ example
bus configuration of the respiratory apparatus 100 showh in
Fig. 1. The apparatus 100 may inélude one or more of the
following components: blower 130, a pressure sensor 104 (which
may be locafed proximate to the mask or pfoximate to a blower
or in both locations), a flow sensor 106, a motor speed sensor
108, a temperature sensor 110, an altimeter 112, wuser 1I/0
devices 114, a processor 116, a memory 118, a pressure sensor
fault detector 120, and a pressure sensor fault handler 122
and optionally a second pressure sensor 124. One or more of
these components may be operatively connected with each other
via wireless ‘communiCation, physical coupling and/or
_electrical coupling, such as with a bus 126. One of more of

these components may transmit or receive . executable
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instructions in analog or digital signals to or from one or
more of other components. Details with respect to each
component are given below.
[0047] The flow generator 102 may be configured to generate
breathable gas from a blower 130 (e.g., a motor and impeller)
td a patient via a patient intefface 132. The blower 130 may
be a servo-controller blower such as a blower in a volute.
An output‘_of the flow éenerator 102 may be coupled to. a
patient ‘inteiface 132, and a gas delivery conduit 134 that
‘directs generated breathable gas between the blower 130vand
the patient interface 132.

,[6048] . The flow generator 102 may be configured to generate
breathable gas at different @ therapeutic pressure levels or
flows. The flow generator 102, with a suitable controller,
may adjust the blower 130 output by varying the current or
voltage supplied to the motor: As discussed in more detail
hérein, the control of the operation of the blower 130 may be
via a - pressure control loop (i.e., control of measured
pressure to satisfy a target/desiréd pressure set point), a
flow control loop (i.e., control of measured flow to satisfy a
target/desired flow set point$ and/or a speed control 1loop
(i.e., control of measured speed of the bldﬁer's motor to meet
a ta;get/desired speed set point). ‘
[0049] Thus, the apparatus 100 may include a variety of
sensors to observe or detect characteristics of the gas within

" the flow generator 102. The apparatus 100 may rely on
readings provided by one or more of some sensors to determine
accuracy of one or more of other sensors. Details of such
monitoring with each sensor are given below.
[0050] For ekample, the apparatus 100 may include a
pressure sensor 104 to detect pressure of the gas delivered by
the flow generator 102. The pressure sensor 104 may be a

pressure transducer that may produce a pressure signal
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proportional'to a gas pressure associated with operation or
uée of the apparatus 100. The bressure sensor 104 may‘be
positioned to measure the gas pressure at various positions
with respéct to the flow generator 102, such as, at the
patient interface 132, at an outlet of the flow generator 102,
or at the gas delivery conduit 134 or combinations thereof.
For instance,\as illustrated in FIG. 1, the pressure sensor
104 may be positioned at the patient interface 132, and in
turn; may measure the gas pressure at the patient interface
132. Alternatively, the pressure sensor 104 may be positioned
in the conduit 134, and in turn, may detect the gas pressure
within the conduit 134. The pressure sensor 104 may also be
positioned at the -outlet of Fhe flow generator 102, such that
the pressure sensor 104 may measure the pressure of the gas
immediately generated by the flow generafor 102. Optionally,
the pressure measurements may be adjusted to account for
pressute drop:within the system such as for estimating mask
pressure when a pressure sensor measures pressure prbximate to
the outlet of the blower 130 of the flow generator 102. 1In.
such an arrangement a pressure drop along the air delivery
tube may be predefined, estimated or calculated.

10051] - Optionally, the apparatus 100 may ‘include a flow
sensor 106 to detect flow, such as the flow attributable to
the.‘blower 130, any system or mask leak and/or patient
respiratory flow. The flow sensor 106 may include a
pneumotaéhograph, a differential pressure transducer, or other
similar devices to prpduce a flow signal or a flow reading
representing the flow rate. .

[0052] With continued reference to FIG. 1, the apparatus
100 may include a motor speed sensor 108 to detect the motor
speed, e.g., the rotational speed, of the motor in the flow
generator 102. The motor speed sensor 108 may include a Hall

" effect sensor or similar. A further example of a motor speed

-12-
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sensor 108 suitable for the present technology may be found in
PCT/AU2005/001688 filed on Nov. 2, 2005, the entire disclosure
of which 'is incorporated herein by reference. In some
embodiments, by monitoring the motor speed and, optionally,
the current supplied to the-fmotor, a controller of the
apparafus 100 may estimate the fiow rate or the gas pressufe,
[0053] In one embodiment, the apparatus 100 may optionally
includé a temperature sensor 110 to measure temperature of the '
gas delivered by the flow generator 102. . The temperature
sensor 110 may include ay»temperature. transducer, such as a
thermocouple or a resistance temperature detector (RTD).
Depending on the placement of the temperatufe sensor 110, the
temperéture sensor 110 may measure the gas temperatﬁre at
alternative positions within the flow. generator 102. In one
ehbodiment, as illﬁstrated in FIG. 1, the teﬁperature sensor
110 may be positioned at the blower 130 outlet, such as near
~the flow sensor 106, of the flow.generator 102, and in turn,
may measure the temperature of the gas immediately exiting the
bloweﬁ 130 of the flow generator 102. _Alternatively the
témperature sensor 110 may be positioned upstream of the
bloﬁer, suchs as at the blower inlet or external to apparatus
100 to measure the temperature of the gas entering thé blower
or the ambient temperature. The - temperature of the ,gas
leaving the blower may then be estimated or calculated based
on this measured.inlet or ambient temperatﬁre.
[0054] With continued réference to FIG. l, in some
embodiments, the apparatus 100 may include an altimeter 112.
The altimeter 112 may detect altitude of thé apparatus 100,
such as the altitude relative to 'a fixed leVel, e.g., sea
level. The altimeter 12 may be positioned at any suitable
10cétion on or within the apparatus 100.
[0055] The appératus 100 may optionally include user I/0

devices 114 to facilitate user operation of the apparatus 100.
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A user of the apparatus 100 may be a physician, nurse,
clinician, caretaker or patient. The user I/0 devices 114 may
include one or more of user input devices including, but not
limited to, a keyboard, touchlpanei, control buttons, mouse,
and switch. For examplé, such an I/O device may be
iﬁplemented to accept input entered by a user such as an

altitude of the apparatus 100.

[0056] The user I/0 devices 114 may include a user output
device, such as a display or alarms (not shown). The display
may be a monitor or  LCD panel. .The display may display

vinformation regarding the status of the apparatus 100, e.g.,

the pressure of the gas delivered to the patient as obtained
from the pressure sensor 104. AlternatiVely, the display may
also display a status or warning message concerning accuracy
or fault following testing of the operation of a sensor; The
alarms may provide a warning alert via a sound and/or 1light
e.g. LED light, to identify a fault condition. |

[0057] In addition to. the various sensors described above,

the apparatus 100 may include a controller, such 'és a
proceséor 116, to control operation'Of the processes related
to the apparatus 100. The processor 116 may refer to a single
processor or a collection of processors including one or more
of the following: centrai processing unit (CPU),

microprocessor, digital signal processor, front end
processor, coprocessor, data processor, and/or analog signal
processor. The processor 116 may be implemented with one’ or
more application specific integrated circuits (ASICs). In one
aspect, the apparatus 100 as a whole may have a processor 116
to perform acts of -each component described herein in
accordance with programmable instructions executed by the
précessor 116. Alternatively, one or more individual
components of the .apparatus 100, e.g., .the pressure sensor

fault detector 120 and the pressure sensor fault handler 122,
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may eaqh have its own processor configured to execute
component-specific instructions.

[0058] In some aspects, the processor 116 may be physically
mounted within the apparatus 100. Alternatively, the
processor 116 may be located remotely from the apparatus 100,
and may communicate with the apparatus 100 via a network (not’
shown) . When there are a collection of processors, one or
more processors 116 may be physically mounted within the
apparatus 100, while the remaining processors may communicate
remotely with the apparatus 100 via é network.

[0059] In one embodiment, the apparatus 100 may include a
memory 118 to store programmable instructions executable by
the processor 11l6. The memory 118 may include a volatile
memory, a non-volatile memory, or a combination thereof. The
volatile memory may include a RAM, such as a dynamic random
access memory (DRAM) or static random access memory (SRAM), or
~any other forms of alterable memory that may be electrically
erased and reprogrammed. Theihon—volatile memory may include
a ROM, a programmable logical array, or other forms of non-
aiterable'memory which cannot be modified, or can be modified
only slowly or with difficulty. The non-volatile memoiy'may
include firmware. , |

[0060] Further, embodiments of the present teéhnolbgy*may
include one or more detectors to assess accuracy of one or
more Sensors descr%bed aboﬁe, or determine if a fault has
occurred in one or more éensors. For instance, the apparatus
100 may include a pfessure sensor fault detector 120 that
implements algorithms to assess accuracy of the pressure .
sensor 104. Theialgorithms may be'implemented in programmable
instructions executable by the processor 116. The
programmable instructions may be stored in the memory 118,

such as firmware, or a data storage (not shown) of the
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apparatus 100 or may otherwise be implemented as one or more
ASICs. , ’ '

Sensor Evaluation

[0061] To evaluate accuracy of the pressure'sensor 104, the

detector 120 may receive measuremehts from one or more of the

sensors 104-112 described above. One or more of the sensors

104-112 may provide measurements to the detector 120 in real

time or quasi-real time, or on demand.

.[0062] FIG. 3 is a flowchart 300 illustrating a suitabie

process performed by the detector 120 to evaluate accuracy of

the pressure sensor '104. Although steps discussed herein are

made in reference to the detector 120, one or more of these

steps may be performed by the processor 116.

[0063] At 302,. the detector 120 may obtain a pressure

measure from the pressure sensor 104. At 304, the detector

120 may evaluate accuracy of the pressure sensor 104 based on
the pressure measure and an altitude of the apparatus 100.

The altitude of the apparatus 100 may include one or more of
(1) a 'previously calculated altitude eStimaﬁe from é prior
pressure measure of the apparatus 100, (2) an expected
altitude or altitude range for the apparatus 100, (3) an
actual or expected altitude input into the apparatus 100 for
operation; and/or (4) an altitude measured by én altimeter 112

of the apparatus lOQ.. The detector 120 may calculate an
aititude estimate based on the pressure measure, and compare
the altitude eStimate to any one or more of the altitudes (1)~
(4) described above. ‘

[0064] Optionally, the detector 120 may evaluate the
accuracy of the pressure sensor 104 by comparing the pressure
measure and a calculated estimate of pressure that is based on
a previously calculated altitude estimate.

[0065] " Based on the comparison, the detector 120 may

determine whether the operation of the sensor 104 is accurate
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or faulty. For example, if the compared values are identical
or substantially similar to each other, the sensor 104 may be
deemed accurate. By contrast, if the ‘compared values are
different or substantially different, the sensor may be deeﬁed
faulty. ;

[0066] Various example'embodiments of the detector 120 and
its processes are discussed in more detail ‘herein with
reference to FIGS. 4-12.

[0067] = FIG. 4 1is a block diagram 400 illustrating an
example configuration of the detector 120. In some
embodiments, the detector 120 may include one or more of the
following components: an altitude estimation' unit 402, an
altitﬁde validation unit 404, a pressure estimation unit 406
and a pressure validation unit 408. One or more of these
units 402~ 408 may obtain measurements from one or more of the
sensors 104-112: namely pressure sensor 104 _temperature
sensor 110; motor speed sensor 108; flow sensor 106; and
altimeter 112. One or more of these units 402-408 may
evaluate an accuracy of the pressure sensor 104 based on the
measurements obtained from one or more of the sensors 104- 112
Example operations with respeEt to each unit are as follows.
[0068] The altitude estimation unit 402 may estimate
altitude of the apparatus 100 based en'measurements obtained
from one or more of tHe sensors 104-110: pressure sensor 104,
temperature sensor 110; motor speed sensor 108; and flow
sensor 106. v A

[0069] In one embodiment, the altitude estimation unit 402
may calculate anlestimate of the altitude during operation of
the apparatus 100 as a function of some or all of the
following: the measured pressure of the gas obtained from the
pressure sensor 104, the measured flow rate of the gas
obtained the flow sensor 106, the measured temperature

obtained from the temperature sensor 110, and the measured

-17-



WO 2014/000039 PCT/AU2013/000695

motor .speed obtained from the motor speed sensor 108. For
- example, the altitude estimation unit 402 may' compute the

altitude of the apparatus 100 according to the following
function:

h = £,(P, T and )

Where:

. h is the estimated altitude;

P is the measure of pressure;

T is an optional measure of temperature that in some
embodiments may be omitted; and

' ® is a measure of motor speed.

[0070] fy is a polynomial function (é.g.,\y=Ax2+Bx+c of a
suitable degree depending on the constants and parameters of
the function) applied ‘to the measured values that may be
derived empirically, such as by a Gray Box Model or best fit
model using suitabie test data. In a case where a measure of
flow” is not implemented in the ‘function as listed in the
example above, the measurements applied to the function may be
6btainéd during operation of the apparatus 100 while' a
controller, e.g., thei processor 116, of the apparatus 100
controls the motor of the blower 130 to deliver a constant
flow rate‘ such as by controlling the blower 130 by a flow
control loop and setting a fixed flow set point. An example
flow set point may be in a range from 10 to 60 liters/minute,
such as a flow rate set point of 20 liters/minute. Such a
fixed operation may optionally be performed by the apparatus
100 as a start-up or pre-treatment procedure and may take
place while the apparatus 100 is not being used by a
patient/user (i.e., without the patient interface 132 on the
patient). Such a fixed operation may serve to simplify the
parameters of the function for calculating the altitude.
Alternatively, in some embodiments; the measurement operation

may be COnducted while the detector 120 controls a constant
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motor speed rather than controlling a .constant flow rate. 1In
such a case, the measured flow may be utilized in the above
function rather than the méasured motor speed, though both may
be utilized. ‘
[0071] From Fan Law for a centrifugal blower, pressure P at
the outlet at zero flow is given by: .

2

po

_ 2 2
P —“_2 (r bladeend ~ Tbladestart

¢

® is motor speed (e.g., rotational speed);

p 1is air density;

Thadeena 1S the radiﬁé of the circlé traced by the end of the
impeller blade; and

Toodesan 1S the radius of the circle traced by the start of
the impeller blade.
[0072] - Assume an empirical form for pressure derived from
the Fan Law-abéve.at constant flow as:

P-= gpo’ + (6 +6h)o

Where ¢, and @ are constants. |
[0073] = Typically centrifugal blowers have dropping fan
curves (as seen in literature) hence pressure’at any.flow (Q)
can be approximated as:

P-=-I(¢2"Q2+¢1’Q+¢o)p'a’2+ (A1)
[(52'Q2".'51'Q+5o)+(02'Q2+91"Q+00)’h]‘a.’ ‘

Where ¢,, ¢, ¢,, 6,, 6, 6,, 6,, 6 and § can be determined
empirically from test data including various combinations of
altitudes, motor speed, flow rates, and pressure.
[0074] - By neglecting the effects\of humidity and local air
temperature, air density can be written as a' function of
altitude - uéing the values for the International Standard

Atmosphere and the universal gas constant.
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[0075] The absolute temperature (T) at altitude (h) meters
above sea level may be given by:

T'=T,-L-h; and
[0076] -The pressure (p) at altitude (h) is given by:

gM

_L-h)RE
P=py T, ,

where: )

Tp is the sea level standard temperature (e.q.
288.15K) ; ,

L is the temperature lapse rate (e.g; 0.0065K/m) ;

R is the universal gas constant (e.g. 8.31447
J/ (mol*K) ; -

~ M is the molar mass of dry air (e.q. 0.0289644

Kg/mol) ; .

po is a sea level standard atmospheric pressure (e.q.
101325 Pa); and |
g 1is the earth surface gravitational acceleration

(e.g. 9.80665 m/s?).

[0077] The  air density (p) (Kg/m®) can be calculated by the
following: ‘

4 —p.M

‘_p R-T
[0078] In some cases, this density equation may be

simplified by approximating density as a linear function of
altitude. Such a éimplification may be performed to maintain
the pressure model (Al) linear with »altitude and to allaw
calculation of altitude without the need for expensive
computations. The simplified air density approximation was
‘ determined to have a low error rate, i.e. to be sufficiently
accurate, within the range of alt;tudes at which a respiratory
apparatus is' commonly used, such as below 9,000 feet above sea

level. A simplified air density approximation is as follows:
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pza-(1-4.8-h) (D1)
[0079] where:

aﬁzﬂfAl (D2); and.
R-T,
L .
= (D3)
'BTo

p is the air density (Kg/m®);
Pp is a - sea level standard atmospheric pressure

(e.g., 101325 Pa);

M-is the molar mass of dry air (e.g., 0.0289644

Kg/mol) ;
R is the universal gas constant (e.g., 8.31447

K/ (mol*K) ;
To is the sea level standard temperature (e.qg.,

288.15K); and
L is the temperature lapse rate (e.q.

{0080] Makihg use of the above simplification for air

0.0065K/m) .

density (Al) can re-written as:
Pza-(p, 0" +9,-0+0,)1~4-f-h)- 0" + a2)
[(5, 'Q2 +6,:-0+6,)+(6, 'QZ +91,"Q+60)"h]’0’

[0081] Function f, to compute the altitude‘of the apparatus

100 may be implemented'without a temperature measure, such as:

if no temperature sensor is implemented by the apparatus 100,

by solving for h in (A2):

P-[a(p, -0’ +o, -0+¢,)0’ +(6,-Q +6,-0+8,)- 0] (A3)
6,-0" +6,-0+6,)-0—4af(p,-0* +¢, 'Q+¢o)q)2

h

N

where:
’ h is the estimated altitude;

P is the measured pressure;

Q0 is the measured flow; and
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® 1is the measured motor speed (e.g., rotational
- speed) . . : )
[0082] @ Or Por 6, 6, 6,, 8, 6 and 4, fnay be constants
that are predetermined empirically with a set of test data
including various combinations of altitudes, motor speed, flow
rates, and pressure. ' |
[0083] In some embodiments, the function £, to compute the
alfitude of the apparatus 100 may take into account the
temperatu\re. Specifically, the motor speed wiemp under the
influence of the temperatﬁre may substitute for ® in eéuation

Al, where wiemp may be a function of the measured temperature

and the measured motor speed as follows:

a%m

=o+y, T"+y, , T +.0-T+x, (A4)
-where: ' |
| ‘@ is the measured motor speed; and
T is the measured temperature.

Here, Zn, Knor 11 .;gl,‘ Xor along with other constants ¢,, ¢,
@ 6,, 6, 490', 6,, 6, and g, can be determined empirically from
test data including various combinations of altitudes, motor
speed, flow rates, and pressure. ‘
[0084]  In some ‘embodiments, to incz;ease accuracy or
reliability of» estimation, the altitude estimation unit 402
may' estimate the altitude of ‘the apparatus 100 for a
predetermined number of times, e.qg., 2, 3, 4, 5, 6, 7, 8, 9,
o 10 times or more, andlcalculate an average of the estimatesA.
For instance, the altitude estimation wunit 402 may take
measurements from the pressure sensor 104, flow sensor 106,
motor speed sensor 108, and optionally', temperature sensor 110
at a predetermined frequency ov'er.a predetermined period of
time. The altitude estimation unit 402 may calcula‘te/an
estimated altitude based on the measurements at the same

frequency, and calculate an average of the estimated altitudes
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over the predetermined period of time. The averaging process
may improve reliability of the estimation by reducing the
effect of variability of input sensor signals, and by reducing
artifacts within the signals. The altitude estimation.unit
402 'may provide the average estimation to the altitude
validation unit 404, which, in turn, may determine validity or
plausibility of the average éstimated altitude.

[0085] After calculating the altitude of the apparatus 100,
the altitude estimation unit 402 may output the estimated
altitude to the altitude validation unit 404. The altitude
validation unit 404 may then evaluate accuracy or plausibility
of the estimated altitude. For exémple, the altitude
validation unit 404 may evaluate the accuracy or plausibility
~of the estimated'altipude (and thereby evaluate the sensor) by
comparing the estimate to a threshold. Aﬁ implausible or
inaccurate estimated altitude, or an average estimated
altitude, ﬁay be taken as a suggestion that at least one
measurement obtained from one sensor used in computing the
altitude 1is erroneous. If the flow sensor 106, the motor
speed sensor 108, and optionally, the temperaturé sensor 110»
are presumed accurate, an inaccurate or implausible estimated
altitude may suggest that the pressure measurement obtained
from the pressure sensor 104 is incorrect, or the pressure
sensor 104 1is inaccurate. A slight error in /the pressure
sensor 104 may significantly affect the quantity of the
estimated altitude.

[0086] In one example, the threshold test may invplvé a
range of altitudes in which the apparatus 100 may operate,
including a maximum altitude and a minimum altitude. In such
a case, the apparatus 100 may be implemented without an
altimeter. Such altitudes may, for example, be in a range
from 0 to 9000 feet above sea level or from 500 feet below sea

level to 10,000 feet above sea level. Other ranges may be
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used for such a range-based threshold test. When the
estimated altitude falls outside the range of altitudes, the
estimated altitude may be deemed implausible, which, in turn,
may suggest that the pressure sensor 104 is inaccurate.
Otherwise, if the estimated altitude is within the range, the
pressure sensor 104 may be taken as being sufficiently
accurate or operable for contfolling pressure with the
apparatus 100. ) ‘ |
[0087] . In another example, the threshold may be an altitude
reading obtained from the altimeter 112, in the event that
apparatus 100 is'provided with an altimeter. The altitude
validation unit 404 may evaluate plausibility of the estimated
altitude by comparing it, to the altitude reading of the
altimeter 112. When the estimated altitude differs
significantly from the altitude reading by an offset greater
than a predetermined difference, e.g., 500 feet, 600 feet, 700
feet, 800 feet or 900 feet, the estimated altitude may be
deemed inaccurate, which, 1in turn, may suggest that the
pressure sensor 104 is inaccurate. If the estimated altitude
does not differ significantly from the altitude reading, the
pressure sensor 104 may be taken as being sufficiently
accurate or operable for controlling pressure with the
apparatus 100. - | .
[0088] In. a further éxample, the threshold may be an
altitude previously calculated by the altitude estimation unit
402, such as in the case that no altimeter is implemented.
The previously calculéted altitude estimate may have been
previously validated by the altitude validation unit 404. The
previously calculated altitude estimate may be designated as
the current altitude of the apparatus 100. In this regard,
the previously calculated altitude estimate may have been
stored in the memory 118 as result of a,previous_validafion.

In this example, the altitude validation unit 404 may receive
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the estimated altitude output by the altitude estimation unit
402, and compare it to the current altitude of the apparatus
100, e.g., the previously calculated altitude estimate. When
the estimated altitude is not the same, or if it differs from
the previously calculated altitude estimate by an offset
greater than a predetermined difference, e.g., 400 feet, 500
feet, 600 feet, 700 feet, 800 feet or 900 feet, the estimated
altitude. may be deemed inaccurate, which, in turn, lmay be
taken as a suggestion that the pressure sensor 104 is no
longer accurate. Otheiwise, if the estimated altitude is the
same as the previously calculated altitude estimate or if it
does not differ significantly from the previously calculated
altitude estimate, the pressure sensor 104 may be taken as
still being sufficiently accurate or operable for controlling
pressure with the apparatus 100. | - |
[0089] If the estimated altitude is deemed implausible or
inaccurate,w‘the altitude validation unit 404 .may output a
signal indicating that the pressure sensor 104 is inaccurate,
or a fault has occurred in the pressure sensor 104. The
altitude wvalidation unit 404 may output the signal to .the
pressure sensor fault handler 122 for further execution.
[0090] When the estimated altitude is deemed plausible or
accurate, the altitude Validation unit 404 may output a signal
indicating that the pressureb sensor 104 is accurate, or ‘no
fault haa occurred in the pressure sensor 104.
[0091] Wlth continued reference to FIG. 4, the detector 120
may optionally include a pressure estimation unit 406 and a
pressure validation unit 408. The.pressure estimation unit
| 4006 may calculate an expected estimate of a pressure. The.
pressure estimation unit 406 may estimate the expected
pressure from measurements obtained from one or more of the
various sensors; temperature sensor 110, motor speed sensor

108, and flow sensor 106.
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[0092] For example, the pressure estimation unit 406 may
estimate the expected pressure from some or all of the
folloWing: the measured flow rate of the gas obtained ffom the
flow sensor 106, the measured nmtof speed obtained from the
motor speed sensor 108, and the altitude of the apparatus 100,
such as a previously calculated altitude or a measured
altitude from an altimeter 112. The pressure estimation unit
406 may calculate the expected pressure according to a
function: '
Pe= fx(h, Q, T and )

where:

P. is the estimate of expected pressure;

h is an estimate, measure or input altitude;

Q0 is a measure of flow;
- T is an optional measure of .temperature that in some

embodiments may be omitted; and

® is a measure of motor speed. |
[0093] f, is a polynomial function (e.g., y=Ax2+Bx+c of a
suitable dégree depending on the constants and parameters of
the function) applied to the measured values that may be
derived empirically, such as by a Gray Box Model or best fit
model wusing suitable test data. Such ﬁeasurements for the
determination of ‘pressure with such a function may be made
periodically (e.g., on a measurement cycle of 1, 2, 3, 4, S,
6, 7, 8, 9 or 10 hertz rate)>during operation of the apparatus
100, such as during use or treatment, anq may optionally be
performed by the apparatus 100 as a start-up or pre-treatment
proéedure and may take placefwhile the apparatus 100 is not
being used by a patient/user (i.e., without the patient
interface 132 on the patient) or both during patient use and

patient non-use operation.
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[0094] In one example, the function may be implemented
without a temperature measﬁre, such as 1if no temperature
sensor is implemented, as follows (from (A2)):
P=a-(p, Q" +0,-Q+p)1-4-B-h)-0’ + 1)
[(5, -0’ +6,-0+6,)+(6, -Q? +6,-0+6,)-h]-»

where: ‘ ‘ \

P, is the expected pressure;

Q is the measured flow;

w is the meaeured motor speed;

h is an altitude;

a is defined according to equation D2 above; and

B is defined according to equation D3 above..
[0095] In the above function, @,, @, @, 6, 6., 6, &, &
and 6, may be constants that are predetermined empirically

from a sef of test data including various combinations of
altitudes, motor speed, flow rates, and pressure.

[0096] In one example, h may be a value obtained from the
altimeter 112 if implemented. In another example, h may be
the altitude of the apparatus 100 previously Calculated by the
altitude estimation unit 402 and. stored vin the memory 118.
The previously calculated altitude may be validated by the
altitude wvalidation unit 404 and designated as the current
altitude of the apparatus 100.

[0097] In another example ef the function, such as in the
case that a measure of temﬁerature is aVailable, the pressure
estimation unit 406 may take into consideration the measﬁred
temperature of the gas obtained from the temperature sensor
110. The  expected pressure may then be calculated according
to a function such as the equation Bl with @ being
substituted for o in equation Bl. The function wiemp is a
function of measured temperature T and measured motor speed ®

as described above in equation A3.
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—

[0098] In some embodiments, the pressure estimation unit
406 may be configured fo-Start'estimation of the pressure or
the timing of the measurement of values for the function based
on one or more of the following: flow rate, floQ derivative,
motor speed and instantaneoué acceleration\of-the motor speed
(i.e. rotor acceleration). For example, the measurements for
the application of the pressure estimation unit 406 may be
taken at a certain motor speed, a certain flow rate, a certain
flow derivative (e.qg., approximately zero 'such as during
detection of an .end expiratory pause) or certain acceleration
of the motor speed (e.g., approximately zero).

[0099] In one such example, the- pressure estimation unit
402 may perform estimation of the pressufe when the apparatus
100 -reaches a steady state condition, e.g., when  the flow
generator 102 operates‘genérally constantly at a predetermined
speed. For instance, the pressure estimation unit 402 may
determine the instantaheous acceleration of the -flow generator
102. If the instantaneous acceleration is small or

negligible, the motor speed may be deemed steady.

[00100] After calculating the expected pressure, the

pressure estimation unit 406 may output the expeCted pressure
to the pressure validation ﬁnit 408. The pressure validation
unit 408 'may validate an actual reading obtained from +the
pressure sensor 104, i.e., the measured pressure, against the
expected pressure. ‘

[00101] When the actual reading obtained from the'pressure
sensor 104 deviates from the expected pressure such as if they
are not equal or if their difference exceeds a predetermined
threshold, e.g., 5 cmH;0, the pressure sensor 104 may be deemed

inaccurate(e.g., if (|Pmeas—Pest|l) > 5 cmH,0). The pressure

validation unit 408 may output a signal indicating that the

pressure sensor 104 is inaccurate to the pressure sensor fault

handler 122 for further execution.
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~[00102] However, if the difference between the measured
pressure and the expected pressure is eQual’to or less than
the predetermined threshold, the pressure sensor 104 may be
deemed -accurate (e.g., 1f ((|Pgeas=Pestl) < 5 cmH,0). The
pressure validation ‘unit 408 may output a signal indicating
that the pressure sensor 104 is accurate, or no fault has
occurred in the pressure sensor 104. | , |
[00103] It is to be understood that the predetermined
threshold may include other limits such ae 1 cm H,0, 2 cmH,0, 3
cmH;0, 4 cmH;0, or 6 cmH;O or similar such limits. In some
cases, the éredetermined threshold may include limits
determined from relative values rather»than:absolute values.
For instance, the‘threshold may be a function of the expected
or measured pressure. For example, the‘ predetermihed
.threshold may be determined using a portion or percentage of
"the ‘expected pressure. Other:vthresholds described ‘in this
specification may be similarly derived as- functions of other
values. .
[00104] In an example embodiment, the detector 120 may
execute an initial test of the pressure sensor 104 prior to
therapeutic’ treatment to the patient, such as part of an
initialization procedure.  Thereafter, the detector 120 may
execute ‘one or more periodiC‘ﬁests.of the pressure sensor 104
after thérapeﬁtic treatment commences. - Detailed
implementations of various test procedures performed by
detector 120 are discuesed below with reference to FIGS. 5-12.
. Unless otherwise indicated, any of the procedures described
below may be performed before or during therapeutic treatment
to the patient. Further, uniess otherwise indicated, the
procedures described below may be performed in an initial
test, one or more of periodic tests,” or the combination

thereof.
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[00105] FIG. 5 is a flowchart 500 - illustrating a test
procedure that may be performed by the detector 120 as - an
initialization procedure for the apparatus 100. At 502, the
detector 120 may set a predetermined flow rate fof delivery by
a blower 130 of the flow generator 102. For example, the
predetermined flow rate may be a flow rate of 20
liters/minute, or a low flow rate that is below 50
liters/minute.' Alternatively, the predetermined flow rate may
be in a range between about 10 liters/minute and about 60
liters/minute. 'In one embodiment, the predetermined flow rate
may be manually entered by a user‘at initialization of the
apparatus 100, e.g., when the apparatus 100 is powered on. 1In
another embodiment, the predetermined flow rate may be a pre-
set parameter for the methodoiogy of the initialization
procedure such as a value recorded in the memory 118.

[00106] Thereafter, between 504 and 508, the detector 120
may control the flow generator 102 te adjust the motor speed
until ﬁhe measu:ed flow rate obtained from the flow sensor 106
meets the predetermined flow rate. In one embodiment, after
the apparatus 100 powers on, the flow generator 102 may
gradually increase the motor \speed. - 'Specifically, at step
504, the flow generator 102 may increase the motor speed in a
predetermined increment at a predetermined frequency. After
each incfement, at step 506, the detector 120 may take a
reading from the flow sensor 106 which repreeents the measured
flow rate. At step 508, the detector 120 may compare the
measured flow rate to the predetermined flow rate. If the
measured flow rate is below the predetermined flow rate, the
detector 120 may proceed back to step 504, at which point, the
flow generator 102 may continuously increase the motor speed.
[00107]} Once the - measured flow rate reaches the
predetermined flow rate, the altitude estimation unit 402 of

the detector 120 may proceed to the next step 510.
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[00108] Steps 502-508 are one example for controlling the
blower 130 by using a flow control loop so as to opefate the
blower 130 at a constant or fixed flow rate. Alternatively,
as previously mentioned, the blower 130 may be controlled via
a motor speed control loop so as to operate the blower 130 to
maintain a constant/fixed motor speed rather than a . constant
or fixed flow rate.
[00109] At 510-512, the detector 120 may make measurements
from various sensors including: the pressure sensor 104, the
" motor speed sensor 108, and, optionally, the temperature
sensor 110. Thereafter, at 514, the altitude estimation unit
402 may determine or qalculate the altitude of the apparatué
100 from the measurements using a suitable - function such aé'
one based on function Al or a look-up table with data derived
from such a function. ' /
[00110] Subsequently, at 516, the altitude validation unit
404 may evaluate the pléusibility of the altitude calculated
at 514. In one example, the altitude validation unit 404 may
evaluate the calculated altitude by comparing the altitude
calculated at 514 to a predetermined range of expected
altitudes,‘examples’of which are discussed earlier. In such a
case, the apparatus 100 may be implemented without an
altimeter. If the calculated altitﬁde falls outside the
predetgrmiﬁed range, the calculated altitude may be deemed
implausible or inaccurate. | Otherwise, if the calculated
altitude falls within the predetermined range of expected
altitudes, the calculated altitude may be deemed plausible and
the pressure sensor may be deemed acceptable for normal
operation of the apparatus 100.
[00111] Alternatively, the altitude validation unit 404 may
evaluate the plausibility of the calculatéd altitude by
comparing the calculated altitude to a reading of the

altimeter 112 if implemented in the apparatus 100. = The
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reading of the altimeter 112 may represent an accurate
_measuremeﬁt‘ of the altitude of the apparatus 100. If the
altitude calculated at 514 differs from the measured altitude
by more than a predefermihed amount, e.g., 600 feet. or 900
feet, then the calculated altitude may be taken as inaccurate
and the pressure sensor may be deemed not suitable fqr normal
operation. Otherwise, the calculated altitude may be taken as
acceptable and the pressure sensor may then be deemed suitable
for normal operation.
[00112] In another embodiment, the altitude validation unit
404 may evaluate the plausibility of the altitude calcuiated
at 514 by comparing it to a previously determined altitude,
such as one determined from a previoué session. with the
apparatus 100. The previously determined altitude Amay be
retrieved from the 'memory 118. The previously vde£ermined
altitude may be calculated by the altitude estimation unit 402
in a previous test procedure. '~ The previously determined
altitude may have been vadlidated by the altitude validation
404 in the previous test. The previously determined altitude
may be takén to represent the current altitude of the
appératus 100. If the altitude calculated at 514 differs from
the preViously determined altitude by-a predetermined amount
or threshold, é.g.,'400 feet, 500 feet, 600 feet, 700 feet,
800 feet or 900 feet, then the presently calculated altitude -
may be taken as inaccurate, and the pressure sensor may be
deemed unsuitable for normal operation of the apparatus 100.
Otherwise, the calculated altitude may be taken as acceptable,
and the pressure sensor 104 may be deemed suitable for.
operation. ' »‘ .
[00113] Once the calculated altitude is deemed implausible
or unacceptable, then at 522, the altitude validation{unit'404
may output a signal indicating that the pressure sensor 104 is

inaccurate or not suitable for normal operation. By contrast,
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if the calculated altitude is deemed plausible or acceptable,

‘then at 518, the altitude validation unit 404 may output a
signal indicatiné that the pressure sensor 104 is accurate or
suitable for normal operation. When the calculated altitude
is deemed plausible, the detector 120 may optionally, at step
520, store the calculated altitude in the memory 118. The
calculated altitude may be subsequently retrieved from the
memory 118 during dne or more periodic test procedures.

[00114] 'Iﬁ\ the example flow chart of the test procedure
illustrated in FIG. 5, the process of.the apparatus 100 may
evaluate the preséaie sensor 104 using one cycle‘of analysis,
which may include one instance of each of the following:
taking a pressure measurement using the pressure sensor 104,
taking a motor speed measurement‘using the motor speed sensof

108, optiocnally taking a temperature measurement using the

temperature sensor 110, and calculating or determining the

altitude based on these measurements . and evaluating the:

calcuiated altitude.

[00115] FIG. 6 illustrates an alternate flow chart 600
embodiment to the test procedure illustrated in FIG. 5. In
this embodiment, the detector 120 may take a fault-tolerant
approach to assess accuracy of the pressure sensor‘104 such as
by utilizing averages. For instance, the detector 120 may

determine .accuracy of the pressure sensor 104 based on a

collective result of multiple cycles of analysis. Each cycle’

of analysis may be identical to that described above with
respect to FIG. 5. Each cycle of analysis may occur at a
‘predetermined frequency. For example, the predetermined
fréquency may be between 1 and 10 hertz, such as 1,‘2, 3, 4,
5 6, 7, 8, 9 or 10 hertz sampling rate. The collective
result may be an average calculated altitude obtained from
multiple cycles of analysis that occur within a predetermined

period of time. The predetermined period of time may be, for
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example, 5’, 10, 15, 20 or 30 seconds or longer or shorter
periods of Eime. In the illustrated examplé, the detector 120
may include a timer to trigger multiple cycles for analysis or
otherwise‘ may implement a repeated measurement loop. The
. pressure sensor’ 104 - may be determined suitable for normal
operation or not when an average of calculated altitudes, or a
calculated altitude from averaged measureménts, determined
from multiple cydles is evaluated as previously described.
[00116] As shown in FIG. 6; the processes of 602;608 méy be
identical to 502-508 of FIG. 5. At 610, the detector 120 may
start a timer for the multiple cycles of analysis.
Subsequently, the altitude estimation unit 402 may perfofm at
612-616 in the manner described with reference to 510-514 of
FIG. 5. An iteration of 612-616 may be considered one cycle
of analysis. ‘The detector 120 may repeatedly iterate 612-616
to perform multiple cycles of analysis, until a predetermined
amount of time, e.g., 5'seconds“\has elapsed since the start
of the timer as determined at 618.
[00117] Theréafter, at_620, Fhe altitude estimation unit 402
may calculate an average of the altitudes calculated during
the mﬁltiple cycles of analysis. The altitude estimation unit
402 may output the average to the altitude validation unit
404. :
[00118] Then, at 622-628, the altitude validation unit 404
may’determine suitability of the pressure sensor 104 based on
plausibility of the average altitude as previously described
with reference to 516-522 of FIG. 5. ,
[00119] In another embodiment, the timer 610 may'b? replaced
with a counter configured to count the number of cycles and
step 618 may‘determine'if‘the desired number of cycles have
been performed. In such an arrangement the detector 120 may
~assess accuracy of the pressure sensor, 104 based on a

‘predetermined number of cycles of analysis, e.g., at least 2
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cycles of analysis or 5-10 cycles of analysis or more. The
predetermined number of cycles may or hay not be consecutive.
For example,'the detector 120 may conclude that the pressuré
sensor 104 is not suitable for normal operation when the
altitude calculated is deemed implausible in‘ each of 5-10
consecutive cycles of analysis. Alternatively, the detector
120 'may conclude that the pressure sensor 104 is inaccurate
when an average of the altitudes calculated in the 5-10 cycles
of analysis is determined implausible.

[00120] Subsequent to an initialization - procedure, the
detector 120 may periodically (e.g., continuously) monitor the
accuracy of /the pressure sensof 104 in one or more test
procedures as the apparatus 100 provides therapeutic treatment
to the patient. FIG. 7 illustrates af flowchart 700 of a
periodic test procedure according to one such embodiment. At
702, the detector 120 or the altitude validation unit 404 may
retrieve a predetermined or previously determined altitude
from the memory- 118. The predetermined altitude may be
calculated by the altitude estimation unit 402 during a
previous test, e.g., an initialization procedure test, which
had been previously stdred in the memory 118. The previously
determined altitude may represent an estimation of the
altitude of the apparétus 100 that has béen deemed plausible
of acceptable. Alternatively, the predetermined altitude may
be a reading obtained from the altimeter 112. The reading may
also represent an accurate‘estimationiof the altitude of the
apparatus 100.

[00121] With continued reference to FIG. 7, the process at
704-708 may be identical to the process at 510-514 of. FIG. 5,
in which the- altitude estimation unit 402 reads measurements
from the pressure sensor 104, the motor speed sensor 108, and,

optionally, the temperature sensor 110, and calculates the
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altitude of the apparatus 100 based on these measurements and
the functions or equations previously described.
[00122] Thereafter, at 710, the(altitude validation unit 404
may compare the altitude calculated by the altitude estimation
unit 402 at 708 to the predetermined altitude obtained at step
702. | If the altitude calculated at 708 reasonably
approximates the previously determined altitude of the
apparatus 100, then the measurements based on which . the
altitude 1is calculated may be deemed correct, which may
suggest that the pressure sensor 104 is accugate or continues -
to be suitable for normal operation of the apparatus 100. For
instance, if the difference between the calculated altitude
and the predetermined altitude does ﬁot exceed a predetermined
amount or threshold, e.g., 400 feet, 500 feet, 600 feet, 700
feet, 800 feet or 900 feet, then the pressure sensor 104 may
be deemed suitable or accurate. As a result, the altitude
validation unit 404 may, at 714, output a signal indicatihg
that the pressure sensor 104 is accurate. i
[00123] However, if the altitude calculated at 708 does not
reasonably approximaté the pfeviously determined altitude of
the apparatus 100, then the pressure sensor 104 may be deemed
faulty. For instancé, if the difference - between the
| calculated altitude and the predetermined altitude exceeds a
prédetermined threshold, e.g., 400 feet, 500 feet, 600 feet,
7001feet, 800 feet or 900 feet, the pressure Sensor 104 may be
deemed inaccurate. The altitud; validation unit 404 may, at
716, output a signal indicating that the pressure sensor 104
'is inaccurate. \ _’ )
[00124] The periodic test. procedure illustrated in FIG. 7
may assess the pressure sensor 104 using one ‘cycle of
analysis, which includes one. instance of each of the
following: taking a pressure measurement using the pressure

sensor 104, taking a motor speed measurement using the motor
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speed sensor 108, optionally taking a temperature measurement
using the temperature sensor 110, énd calculating and
_evaluating the altitude based on these measurements. Such a
periodic test procedure may optionally be implemented on a
frequency of 1—10>hertz, such as 1, 2, 3, 4, 5, 6, 7, 8, 9 or
10 hertz sampling rate. ' A
[00125] FIG. 8 illustrates an alternate flow chart 800
embodiment to the periodic test procedure illustrated in FIG.
7. In this embodiment, phe detector 120 may take a fault-
-tolerant approach to assess accuracy of the pressure sensor
104 based on averages. For instance, the detector 120 may
determine accuracy of the pressure sensor 104 based 'on a
coiléctive result or average of multiple cycles of analysis.
Each cycle of analysis ﬁay occurnat afpredetermined frequency,
e.g., between 1 and 10 hertz, such as 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 hertz sampling rate.
[00126]»U.As'showh in FIG. 8,. the pfocessing at 802 may be
&identical to the processing at 702. At 804, -the detector 120
may start a timer for the multiple cycles of aﬂalysis.
Subsequently, the altitude estimation unit 402 may perform the
processing at 806-810, which ma& be identical to the
processing at 704-708 of FIG. 7. An iteration of the
processing at  806-810 may be considered as one cycle of
analysis: The altitude estimation unit 402 may repeatedly
iterate the processing at 806-810 to perform multiple‘cycles
of analysis,_until’a predetermined amount of time, e.g., 5, 10
, 15, 20 or 30 seconds or longer or shorter pe;iods of time,
has elapsed since the start,of‘fhe timer as determined at 812.
[00127] Thereafter, at 814, the altitude estimation unit 402
may calculate an average of the altitudes calculated during
the multiple Cycles of analysi; or an altitude of average

measurements from the multiple cycles. The altitude
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estimation unit . 402 may output the averagé to the altitude
validation unit 404. _

[00128] Then, at 816-822, the altitude validation unit 404
may determine acéuracy of the preésure sensor 104 based on
analysis of the avérage altitude. In fhis regard, the
processing at 816-822 may be identical to the processing at
710-716 of FIG. 7. . |
[00129] In a  further embodiment, the timer 804 may = be
repiaced with a counter configured to count the numbef, of
cycles and step 812 may determine if the desired number of
cycles have been performed. In such an arrangement the
detector 120 may assess accuracy'of the pressure sensor 104
based on a predetermined number of cycles of analysis, e.g.,
at least 2 cycles of analysis or 5-10 cycles of analysis or
more. The pfedetermined number of cycles may or may not be
consecutive. For instance, the detector 120 may conclude that
‘the pressure sensor 104 is inaccurate when thé difference
between the calculated altitude and the previously determined
altitude exceeds the threshold amount in each of the at least
2 or 5-10 consecutive cycles of analysis. Alternatively, the
detector 120 may concluded that the pressure sensor 104 is
inaccurate when an average altitude calculated from the at
least 2 or 5-10 cycles of analysis differs from the previously
determined altitude by an = offset .greater than the‘
predetermined threshold. |
[00130] FIG. 9 includes a flowchart 900 of a periodic test
procedure\ accordingq to another embodiment. At . 902, the
detector 120 may retrieve a previously determined altitude of
the apparatus 100; Thus, the processing at 902 may be
identical to the processing at 702 or 802 of FIGS 7 and 8
respectivély. At 904( the detector 120 or the pressure
estimation unit 406 may obtain meésurements from the flow

sensor 106, the motor speed sensor 108, and,voptionally, the
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temperature sensor 110. Thereafter, at 906, the pressure
estimation unit 406 may calculate an expected pressure based
on the predetermined altitude and the flow, motor speed and/or
temperature measurements at 904 such as by the function
previously mentioned (e.gq., function 'Bl or a look-up table
based thereon)} ‘
[00131] Then, at 908-910, the pressure validation unit 408
may obtain pressure measurement from the pressure sensor 104,
and compare the measured.pressure to the expected pressure.
At 912, if the difference between the measured‘pressure and
the expected pressure is equal to or less than a predetermined
threshold, e.g., 5 cmH,;0, the pressure sensor 104 may be deemed
accurate. Then, at 914, the pressure validation unit 408 may
output a signal indicating that the pressure sensor 104 is
accurate. As .ndted» aboVe/ the predeterminéd threshold may
include other 1limits such as 1 cm HyO, 2 cmH,O, 3 cmeL. 4
cmH,0, or 6 cmHzolor similar such limits.
{00132] By contrast, if the difference between the measured
pressure and the expected pressure exceeds the predetermined
threshold, the pressure sensor 104 may be deemed inaccurate.
"Then, at 916, the pressure validation unit 408 may output a
signal indicating that the pressure sensor 104 is not suitable
for normal operation.
{00133} FIG. 10 illustrates an alternate flow chart 1000
embodiment to the test procedure illustrated in FIG. 9. In
this embodiment, the detector 120 may take a fault-tolerant
approach to assess accuracy of the pressure sensor 104 based
on multiple cycles of analysis over a predetermined period of
time. The predefermined period of time may be, for example,
5, 10 , 15, 20 or 30 seconds or longer or shorter periods of
time. The detector 120 may include a timer or other iterative
procedurevto/implement the repeated cycles of analysis. Each

cycle of analysis may occur at a predetermined frequency,
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e.g., between 1 and 10 hertz, such as 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 hertz. Each cycle of analysis may include measuring
flow, motor speed, and optioﬁally, temperature, calculating
expected pressure ‘based‘ on these measurements, comparing a
reading of the pressure sensor 104 to the expected preseure{
The pressure sensor 104 may be determined inaccurate or not
suitable for normal operation when each pressure measuirement
differs from the expected pressure by an offset exceeding a
threshold amount, e.g., 5 cmHzof over a predetermined period of
time. v | _ |

[00134] As shown in FIG. 10, the processing at 1002-1014 may
be identical to the processing at 902-914 of FIG. 9. An
iteration of the processing at 1004-1012 may be considered as
one cycle of analysis. The detector 120 may repeatedly
iterate steps 1004-1012 to perform multiple cycles of
analysis.. If the measured pressure differs from the expected
pressure by an offset greafer than a threshold amount, efg., 5
cmH0, at 1012, the detector 120 may proceed to 1016. At 1016,
the detector 120 may determine whether a timer for the
multiple cycles of'analysis has started. If the timer has not
started, the detector 120 may start the timer at 1018, and may
then proceed to 1004 to start a new cycle of analysis. If the
timer has‘already started, then the detector 120 may,‘at 1020,
determine whether the predetermined amount of time, e.g., 5,
10, 15, 20 or 30 seconds, has elapsed since the start of the
timer. If not, the detector 120 may proceed to 1004 to start
4 new cycle of analysis. If yes, the detector 120 may proceed
to 1022 to output a signal indicating that the pressure sensor
104 i's inaccurate. At that point, the detector 120 may
optional}y stop or reset the timer. As noted above the
predetermined threshold may include‘other limits sech as 1 cm
H,0, 2 cmH,0, 3 cmH,0, »4 cmH,0, or 6 cmHO or similar such

limits.
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[00135] If during any cycle Qf -analysis, the difference
between the measured pressure and the expected pressure does
not exceed the predetermined threshold at 1012, the detector
120 may, at 1014, output a signal indicating that the pressure
sensor 104 is accurate or suitable for normal operation.

[00136] In é further embodiment, the ‘timer 1018 may be
replaced with a counter configured to count the number of
cycles and step 1020 méy determine if the desired number of_
cycles have been performed. 1In such an arrangement the

detector 120 may assess accuracy of the pressure sensor 104
based on a prédetermined number of cycles of analysis, e.g.,
10 cycles of analysis. The predetermined number of cycles may
or may not be consecutive. For instance, the;detecﬁor 120 may

conclude that the pressure sensor 104 is inaccurate when the

difference between the calculated altitude and the -

predetermined ~altitude exceeds tﬁe threshold amount (e.g.,
((IPmﬂs—Rﬁtlj > 5 cmH,0)) in each of tﬁé 10 consecutive cycles
. of analysis. | ‘
[00137] In some embodiments, the detecfor 120 may perform an
initial test of the pressure sensor 104~accqrding to the steps -
described in FIG. 5 or FIG. 6 before the apparatus 100
provides therapeutic treatment to a patient. The detector 120
may continuously monitor the accuracy of the pressure sensor
104 in one ot more periodic tests as the apparatus 100
providés therapeutic treatment to the patiént according to
procedures desC;ibéd in any one of FIGS. 7-10. In one
embodiment; the predetermined altitude retrieved at one of the
steps, 702, 802, 902 and 1002 may be an altitude calculated by
the altitude estimation unit 402 in the. initial test. In
another embodiment, the predetermined altitude may be a
reading obtained from the altimeter 122. Alternatively, the
predetermined altifude may be a range of expected altitudes,

examples of which are described previously.
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[00138] In another embodiment, an, 6 initial test may be
implemented using procedures described in any one of FIGS. 7-
10. In this embodiment, the predetermined altitude retrieved
at any one of the processes 702, 802, 902 and 1002 may be an
altitude calculated by the altitude estimation unit 402 in a
previous test related to a previous therapeutic treatment.
Alternatively, the predetermined ‘altitude may be a reading
obtained from the altimeter 122} The predetermined altitude
may also represent a range ‘of expected altitude$ that the
apparatus 100 may operate.

[00139] In a further embodiment, the detector 120 may
constantiy test the accuracy of the pressure sensor 104 by
executing procedures deseribed in any one of FIGS. 5-10 at a
predetermined interval before and throughout the therapeutic
treatment to the patient.

Dual Pressure Sensors

[00140] While the examples previously described herein
permit eveluation of a measurement of a pressure seﬂsor»
without implementing a second pressure : sensor and in some
cases withoﬁt an altimeter, in some alternative embodiments,
measurements of a second or back-up pressure sensor .may be
' implemented to check the pressure of a first pressure sensor.
For example, the apparatus 100 may optionally include a second
pressure sensor 124 as illustrated in FIG. 1. ‘' The second
pressure sensor 124 may be positioned in a close prdximity to
the first preésure sensor 104, such that both pressure sensors
104, 124 may measure pressure of the gas at the same location.
For example, both pressure sensors 104, ‘124 may be positiened
| at the patient interface 132 or at the blower 130. If the
first pressure measurement differs from the second pressure
measurement by an boffset greater than a predetermined

threehold, e.g., 5 cmHéO, the first pressure sensor 104 may be

—-42-



WO 2014/000039 PCT/AU2013/000695

deemed inaccurate. Otherwise, the first pressure sensor 104
may be deemed accurate. . :
' [00141]  Alternatively the second pressure sensor 1124 may be
positioned‘ at a different location to the first pressure
sensor 104, such as the first pressure sensor 104 may be
positioned at the patient vinterface 132 and the Second
pressure sensor 124 positioned at the blower 130 or vice
versa. The pressure drop between the two pressure sensors may
be - known, estimated or characterized such that the pressure
drop between the pressure sensors is taken into consideration
when comparing the pressure measurements obtained from the
first pressure sensor 104 and the second pressufe sensor 124.
Thus the difference 'petween‘ the pressure measurements from
first pressure sensor 104 and the second pressure sensor 124
may not exceed a predetermined threshold that is determined ‘as
a function of the pressure drop between the first preséure
sensor 104 and the second pressure sensor 124.
[00142] FIG. 11 illustrates a flowchart 1100 of a method
- performed by the detector 120 according to the above
embodiment. ‘At 1102, the detector 120 may obtain a first
pressure measurement from the first pressure sensor 104. At
1104, fhe detector 120 may obtain a second pressure
measurement from the second pressure sénsor 124. At 1106, the
detector 120 may compare the first pressure measuremeﬁt to the
second pressure measurement. Thereafter, at 1108, fhe
detector 120 may determine if the first pressure measurement
differs from the second pressure measurement by an offset
greater than a threshold amount, e.g., 5 cmH0. = If no, the
‘detector 120 may at 1110 issue a signal indicating that the
first pressure sensor 104 is accurate. If yes, the detector
120 may, at 1112, issue a signal indicating that the first

pressure sensor 104 is inaccurate.
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[00143] As noted .above the predetermined threshold may
include other 1limits such as 1 cm HyO, 2 cmH;0, 3 cmH,0, 4
cmH,0, or 6 cmH;0 or similar such limits.

Response to Faulty Sensor Detection

[00144] If the detector 120 determines that the pressure
sensor 104 is inaccurate or not suitable for normal operation,
then é fault has been detected in the pressure sensor 104.
[00145] In the absence of such a fault, the apparatus 100
may operate normally (e.g., with a pressure control loop that
relies on the pressure measurements from the pressure sensor
104 for control of the blower 130 and the patiénth
treatment) .’ '
[00146] In the detection of a fault, thé appafatus 100 may
respond with an automatic shutdoﬁn to prevent further
execution. Alternatively, the apparatus 100 may record’data
of the fault and/or issue a warning or a fault message to the
~user via the user 1/0 devicés 114. For instance, a display
(not shown) may display a message to thev.user//that the
pressure sensor 104 is inaccurate and needs to be replaced.
In such a case, the controller, e.g., the processor 116, may
be configured to prevent operation of the blower 130;
t00147] In some embodiments, the apparatus 100 may include a
pressure sensor fault handler 122 to control the apparatus
100, once. a fault has been detected in the pressure sensor
104. " In these embodiments, the apparatus 100 may optionally
be permitted to operate in a safe mode, despite the detection
of a fault. For example; the handler 122 may include two
alternate operational safe modes: a pressure-controlled, speed
limited mode or a speed—conﬁrolled mode, in which the
apparatus 100 may operate. The handler 122 may enter either
one of the operational modes once the pressure sensor 104 is

determined to not be suitable for normal operation.
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[00148] In the pressure-controlled, speed limited mode, the
handler 122 may adjust the motor speed of the flow‘generator
102 by relying on the pressure measurement by the pressure
sensor 104 (e.g., controlling the blower 130 using a pressure
control loop), irrespective of the fact that pressure sensor
104 is deemed inaccurate. More specifically, the handler 122
may increase the motor speed until the measured pressure from
the pressure sensor 104 reaches a desired pressure level, but
in no event, may the motor speed exceed a predetermined
maximum motor speed; In such a case, a maximum ﬁotor speed
limit will act to override a pressure demand from the pressure

control loop to prevent further increase in‘the motor speed
beyond the limit deSpite a pressure éet pointvfalling short of
the measured pressure from the preséure sensor 104.

[00149] = FIG. 12 illustrates a flowchart 1200 describing

operations of the handler 122 in the pressure-controlled mode

according to K one embodiment. = At 1202, the handler 122 may
determine a desired pressure level setting for the gas to be

achieved with the flow generator 102. | The desired pressure

level may be the desired therapeutic treatment pressure to be

‘applied to the patient. In one example, the desired pressure
ievel may be manually entered by the user via the user I/0

. devices 114, In another example, the processor 114 or the

handler 122 may calgulate the desired pressure level based on
the condition of the patient. The desired pressure level may
be a constant pressure value expected to be maintained
throughout one therapeutic treatment session. Alternatively,

the desired pressure level may vary throughout one therapeutic
treatment session. For instance, during one therapeutic
treatment session, the desired pressufe level during
inhalation may be gréater than the desired pressure level

during exhalation. Additionally, the desired pressure level

may be automatically adjusted and determined based on detected
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breathing conditions (e.g., obstructive apnea, obstructive
hypopnea, flow limitation, sngring, other sleep disordered
breathing events, etc.).
[00150] . At 1204, the handler 122 may set a motor speed
threshold. The motor speed threshold may represent a maximum
motor speed that the flow generator 102 is allowed to attain,
 above which the flow. generator 102 or other'components of the
apparatﬁs 100 may deteriorate or malfunction or may be deemed
.danggrous.for a pétient. In one example, the handler 122 may
set the motor speed threshold to an RPM}threshold, such as
20,000 RrRPM, 30,000, RPM, 50,000 RPM, 100,000 RPM, 200,000 RPM
or other'suitable speeds. The RPM threshold may be determined
based on an appfoximate expected motor speed required to meet
the desired pressure or a maximum preSsure from previous
system characterization, and may, for example, be obtéined
from a loock-up table of the memory of the apparatus.,
[00151] ¢ At 1206, the .handler 122 méy obtain a .pressure
reading from the pressure sensor 104. At 1208, the handler
122 may compare the measured pressure to the desired pressure
level. If.the measured pressure reaches the desired pressure
level, the handler 122 may terminate the adjustment operation.
Otherwise, the handler 122 may, at 1210, change the next motor
speed for the flow generator 102. In‘one example, the nexf
motor speed may- be inqreased from the present motor speed by a
predetermined increment. Thereafter, at 1212, the handler 122
may determine if the next motor speed exceeds the.motor spéed
threshold. If vyes, the handler 122 may terminate the
adjustment operation. If not, the handler 122 may, at 1214,
instruct the flow generator 102 to change from its present
motor speed to the next motor speed. Tﬁereafter, the handler
122 may proceed to 1206 to measure pressure using the pressure

N

sensor 104.
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[00152] In the speed-controlled mode,'the apparatus 100 may
no longer operate by a pressure control loop but may operate
in a speed control loop. In such a mode, the handler 122 may
determine a desired motor speed of the flow generator 102 that
correlates to the desired pressure level (such as with a look-
up table or suitable function to relate pressure to a motor
speedvsetting), such that when the flow generator 102 operates
at the desired motor speed, the gas generated by the flow
'generator 102 may be deemed to be at the desired pressufe
level. Thus, in the speed-controlled mode, the handler 122
‘may determine the desired motor spéed without taking into
consideration . the preséure measurement obtained from the
pressure sensor 104. In one example, the handler 122 may.
include a look-up table that defines a correlation between a
plurality of different motor speeds and ~a plurality of
different pressure levels. The look-up table may define one-
on-one mappings between the plurality of difﬁerent motor .
speeds and the plurality‘of different pressure levéls. ‘Once a
desired pressure level is determined, the handler 122 may look
up its corresponding motor speed, i.e., the desired motor
speed, in the‘look-up table. The handler 122 may thén set the
flow génerator 102 to the desired motor speed. |
[00153] FIG. 13 illustrates a flowchart 1300 describing
operations of the handler. 122 in the speed-controlled mode
according to one embodiment. At 1302, the handler 122 may
determine a desired pressure level to be set. The processing
at 1302 may be identical to.the processing at 1202. At 1304,
.the handler 122 may look up a desifed motor speed correlated
to the desired pressure level in the look-up table. At 1306,
the handler 122 may servo-control the flow generator 102 to
‘the desired motor speed in a speed control loop.
[001541 = Although the invention herein has been described

with reference to particular embodiments, it is to be
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understood that these embodiments are merely illustrative of
the principles and applications of the present technology. It
is therefore to be understood that numerous modifications may
be made to the illustrative ‘embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present technology.

[00155] For example, although versions of the technology
described herein have generally referred to a determination,
estimation or measurement of altitude in its methodologies
such that the altitude (or elevation) ' is serving as a
subordinate or secondary characteristic of the respiratory
treatment apparatus that may be derived from pressure and/or
from which pressure is derivable by some calculable
function(s) that may involve some measured system variable(s),
it will be understood that some versions -of the present
technology may alternatively implement Components that make a
determination, estimation or measurement of some othef such
subordinate or secondary characteristic rather than altitude
in any of the previously described methodologies.

[00156] For example, in some such versions, the detector 120
may obtain a pressure measure fiom the pressure sensor 164.
The detector 120 may evaluate accuracy of the pressure sensor
'104 based on the pressure measure and a subordinate or
secondary characteristic, such as' atmospheric pressure or the
atmospheric pressure externalr to the apparatus 100; Such
atmospheric pressure of the apparatus 100 may include one or
more of (1) a ,previously calculated atmospheric pressure
estimate from a prior pressure measure of the apparatus 100
(e.g., a pressure measure in the flow path of the apparatus
which generating a pressure above atmospheric pressure), (2)
an expected atmdspheric pressure or atﬁéspheric pressure range
for the apparatuslloo, (3) an actﬁal 6r expected atmospheric

pressure input into the apparatus 100 for operation; and/or
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(4) an atmospheric pressure measured by an external sensor of
the apparatus 100 such as a baiometer. The detector 120 may
calculate an atmospheric pressure estimate based 'on the
pressure measure, and compare the atmospheric pressure
‘estimate to any one or more of the atmospheric pressure (1)-
(4) described above.  Still other secondary characteristics
may also be implemented in any of the methodologies described
herein. /

[00157] For example, in the case of the subordinate‘
' characteristic being atmospheric pressufe}' the altitude
estimation unit 402 may instead be an atmospheric pressure
estimation unit. Thus it may calculate an estimate of the
atmospheric pressure during operation of the apparatus 100 as
a function of some or all of the fdllowing: the measured
pressufe of the gas obtained from the pressure sensor 104, the
measured flow rate of the gas obtained the flow sensor 106,
the measured temperature obtained from the temperature sensor
110, and the measured motor speed obtained from the motor
_speed 'sensor 108. . For example, an atmospheric pressure
estimation unit may compute the,atmosphéric pressure of the

apparatus 100 according to the following function:

Atm = £,(P, Q, T and o)

where:

Atm is the estimated atmospheric pressure;

P is the measure of pressure;

Q is a measure of flow;

T is an optional measure of temperature that in some
émbodiments may be omitted; and

@ is a measure of motor speed.
[00158] fy may be a polynomial function (e.g., y=Ax?+Bx+c of
‘a suitable degree depending on the constants and parameters of
the function) applied to the measured values that may be

derived empirically, such as by a Gray Box Model or best fit
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model using suitable test data. Other Such functions may be
implemented similar to those previously descriged, with
reference to altitude. Similarly, the altitude validation
unit 404 may be implemented bas an atmospheric preséure
validation unit. ‘ '
Additional Technology Examples _
[00159] Example 1. A method for determining accuracy of a
pressure sensor in a respiratory device, comprising:
measuring pressure of a flow of breathable gas generated
by the respiratory device using the pressure sensor; and
determining, with a processor, accuracy of the\pressure
sensor based on the measured pressuré and a subordinate
characteristic of thé respiratory device.
[00160] Example 2. The method _of Example 1, wherein the
respiratory device includes a flow geherator with a motor
included therein to generate the flow of gas.
[00161] Example 3. The method of any one of Examples 1-2,
wherein the subordinate characteristic of the respiratory
device is input by a user.
[00162] Example 4. The method of any oné of  Examples 1-2,
wherein the subordinate ~characteristic of the respiratory
device is measured by an altimeter or barometer of the
respiratory device.
[00163] Example 5. The method of any one of Examples 1-4,
wherein the processor: calculates the subordinate
characteristic of the respiratory device:
[00164] Example 6. The method of Example 5, wherein the
processor determines the accuracy of the pressure sensor based
on an evaluation of the calculated subérdinate‘characteristic.
[00165] Example 7. The hethod of any one of Examples 5—6,
wherein "the processor calculates the. subordinate
characteristic of the respiratory device as a function of (a)

the pressure measured by the pressure sensor and one or both
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of (b) (1) a measured flow rate of the flow of breathable gas
and (b) (2) a measured motor speed of the flow generator.
[00166] Example 8. The method of Example 7, wherein the
processor calculates the subordinate characteristic of the
réspiratory device as a function of a measured temperature of
the flow of breathable gas. .
[00167] Ekample 9. The method of any one of Example 5-8,
wherein the processor calculates the subordinate
charactetristic of the respiratory device when the flow
generator controls the gas at a constant predetermined flow
rate. |

[00168] Example 10. The method of Example 9, wherein the
constant predetermined flow rate is 20 liters/minute.

[00169] Example 11. The method of Example 9, wherein the
constant (predetermined flow rate is less than 50
litefs/minute. _ .

[00170] Example 12. The method of Example 9, wherein the
constant predetermined flow rate is in the fange’between about
10 liters/minute and about ‘60 liters/minute.

[00171] Example 13. The method of any one of Examples 5-8,
wherein the subordinate characteristic of the respiratory
device ‘is calculated when the flow generator contfols a
constant predetermined motor speed.

[00172] Example 14. The method of any one of Examples 6-13,
wherein the processor evaluates the calculated subordinate
characteristic by comparing the calculated subordinate
characteristic with a predetermined range of the subordinate
characteristic.

[00173] Example 15. The method of Example 14, wherein the
predetermined range of the subordinate characteristic
corresponds to a range between 0 and 9000 feet above sea

level.

~51-



WO 2014/000039 PCT/AU2013/000695

[00174] Example 16. The method of Example 14, wherein the
predetermined range of the subordinate éharacteristic
corresponds to a range between 500 feet below sea level and
10,000 feet above sea level. v

[00175] Example 17. The method of any one of Examples 14-
16, wherein 'the processor deems the calculated subordinate
characteristic acceptable when the calculated subordinate
characteristic 1is within the predetermined range of the
subordinate characteristic.

.[00176] Example 18. The method of any one of Examples 14-
17( wherein the processor deems the calculated subordinate
lcharacteristic‘ unacceptable when the calculated subordinate
characteristic 1is outside the predetermined 'range "of the
subordinate characteristic.

[00177] Example 19. The method of any one of Examples 5-18,
wherein the processor " calculates the subordinate
characteristic of the respiratory device at a prédetermined
frequency over a predetérmined period of time;

[00178] | Example 20. ~The method of Example 19, wherein the
predetermined frequency is between 1 and 2 hertz. o
[00179] Example 21. The méthod.of any one of Example5’19—
20, wherein the predetermined period of time is 5 seconds.
[00180] Example 22. The method of any one of Examples 19—21,
wherein the processor evaluates the pressure sensor based on
an average of the calculated subordinate characteristic.

[00181] Example 23. The method ofbany one of Examples 19-
22, wherein the processor determines the pressure sensor
accurate . when an average of. the calculated subordinate
characteristic satisfies a threshold comparison.

[00182]} Ekample 24. The method of any one of the preceding
Examples, wherein the proééssor evaluatés the. pressure sensor
in .an iniqializétion process before the respiratory device

provides treatment to a patient.
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[00183] Example 25.» The method of any one of the preceding
Examples, further comprising storing the subordinate
characteriétic of the respiratory device in a memory.
[00184] Example 26. The method of any one of Examples 2-25,
wherein the processor evaluates accuracy of the pressure
sensor by:

calculating expected pressure of the gas generated by the
respiratory device; and

comparing the measured pressure with the expected
pressure.
[00185] Example 27. The method of Example 26, wherein the
processor calculates the expected pressure  from the
subordinate characteristic: of the respiratory ‘device, a
measured flow rate of the flow of breathable gas, and a
meaéured motor speed of the flow generator. /
[00186] Example'28. The method of Example 27, whérein the
processor calculates the expected pressure from a measured
tempefature of the flow of breathable gas.
[00187]) Examplé 29. The method of any one of'Examples 26-
28, wherein the processdr determines the accuracy of the
pressure sensor by comparing a difference between the measured
preSsuré and the expected pressure with a predeterminedf
threshold.
[00188] Example 30. The method of Example 29, wherein the
predetermined threshold is 5 cmH20. ' ,
[00189] Example 31. The method of any one of Examples 29-
30, wherein the processor determines the pressure sensor
inaccurate when the difference exceeds the predetermined
threshold. '
[00190] Example 32. The method of any one of Examples 29-
31, wherein the prodessor determines the pressure sensor
accurate when the difference is within the predetermined .

threshold.
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[00191] Example 33. The method of any one of Examgles 26—
32, wherein the measurément of the pressure, the oalculation
of the expected pressure, and the comparison of the measured
pressure with the expected . pressure are performed at a
predetermined frequency over a predetermined period of time.
[00192] Example 34; The method of Example 33, wherein the
predetermined frequency is between 1 and 2 hertz.
[00193] Example 35. The method of any one of Examples 33-
34, wherein the predétermined’period of time is 5 seconds.
[00194] Example 36. Thé method of any one of Examples 33-
35, wherein the processor determines the pressure sensor
inaccurate based on a plurality of comparisons between
measured pressures and expected pressures.
[00195] Example 37. The method of any one of Examples 2-25,
wherein thé subordinate characteristic of the respiratory
device 1is a first subordinate characteristic, and wherein the
processor determines the accuracy of the»pres;ure sensor by:
calculating a second subordinate characteristic of the
respiratory device; and |
comparing the "second subordinate characteristic of the
respiratory device with the first subordinate characteristic
of the respiratory device. _ ‘
[00196] Example 38. The method of Example 37, wherein the
processor calculates the second subordinate characteristic.of
the respiratory device from a measured flow rate of the flow
of breathable gas, a measured motor speed of the flow
generator, and the pressure measured by the pressure sensor.
[00197] Example 39. The method of Example 38, wherein the
processor calculates the second subordinate characteristic of
the réspiratory device from a measured temperature of the flow
of breathable gas. .
[00198] Example 40. The method of any one of Examples 37-
39, wherein the processor determineé the accuracy of the

\
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pressure sensor by comparing a difference between the first
subordinate characteristic and the second subordinate
characteriétic-with a predetermined threshold. |

[001991] Example 41. The method of Example 40, wherein the
predetermined threshold corresponds with 600 feet.

[00200] Example 42. The method of any one of Examples 40-.
41, wherein the processor determines the pressure sensor
inaccurate when the difference 4exceeds the predetermined
threshold. | R

(00201]  Example 43. The method of any‘one of Examples 40-
42, wherein the processor determines the pressure sensor
accurate when the difference is within the predetermined
threshold. \ | _ »
[00202]‘ Example 44. The method of any one of Examples 37-
43, wherein the processor calculates the second subordinate
characteristic at a  predetermined frequency for a
predetermined period of time. o
[00203] Example 45. The method of Example 44, wherein the
predetermined frequency'is between 1 and 2 hertz. '
[00204] Example 46. The method of any one of Exémples 44-
45, wherein the predetermined period of time is 5 seconds.
[00205] Example 47. .The method ofveny one of Examples 44-
46, wherein the processor determines the pressure sensor
inaccurate when an average of the second subordinate
characteristic calculated during the predetermined period of
time differs from the first subordinate characteristic by an
offset greater than a predetermined threshold.

[00206] Example 48. The method of any  one of Examples 44-
47, wherein the processor determines the pressure sensor
accurate | when an average of the second subordinate
characteristic calculated during the predetermined period of
time differs from the first subordinate characteristic by an

offset not greater than a predetermined threshold.
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[00207] Example 49. The method of any one of Examples 2-48,
further comprising ‘setting a motor speed for the flow
generator based on the measured pressure, when the processor
determines the pressure sensor inaccurate.

[00208] Example 50. The method of Example 49, further
comprising maintqining the motor speed under a speed limit
threshold. |

{00209] Example 51. The method of any one of Examples 2-48,
further comprising determining a desired gas pressure to be
generated by the flow generator, and determining a desired .
motor speed for the flow generator based on a predetermined
association between motor speed values and pressure values.
[60210] Example 52. A respiratory apparatus comprising:

‘ a. flow generator with a blower included therein to
génerate a flow of breathable gas for delivery to a patient
interface at a pressure above atmospheric préssure;

a preésure sensor coupled with the flow generator, the
pressure sensor configured to measure pressure of the flow of
breathable gas; and | | i

a processor coupled with the pressure sensor configured
to determine accuracy of\ the pressuré sensor based on the
measured preséure and an subordinate characteristic of the
respiratory apparatus. |
[00211] Example 53.  The respiratory apparatus of Example
52, further comprising a flow -sensor configured to measure a
flow rate of the flow of breathable gas.

[00212] Example 54. The respiratory apparatus of any one‘of

Examples 52-53, further comprising a motor speed sensor

Nl

configured to measure a motor speed of the flow generator.
[00213] Example 55. The respiratory apparatus of any one of
Examples 52-54, further comprising a . user I/0 device
configured to receive the subordinate characteristic of the

respiratory apparatus input by a user.
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[00214] Example 56. The respiratory apparatus of any one of
Examples 52-55, further comprising an altimeter or barometer
to determine the subordinate characteristic of the respiratory
apparatus. , _ )
[00215] Example 57. The respiratory apparatus of any one of
Examples 52-56, wherein the processor is configured to
calculate the subordinate characteristic of the respiratory
apparatus. -

[00216] Example 58. The respiratory apparatus of Example
57, wherein the processor determines accuracy of the pressure
sensor based on evaluation of /the calculated subordinate
characteristic.

[00217] ‘Example 59. The respiratory apparatus of any ohe of
Examples 57-58, wherein the processor calculates  the
subordinate characteristic of the respiratory apparatus as a
function of (a) the pressure measured by the pressure sensor
and_one‘or both of (bl) a measured flow rate of the flow of
breathable gas and (b) (2) a measured motor speed of the flow
generator.

[00218] Example  60. The respiratory apparatus of Example
59, wherein the processor calculates the | subordinate
characteristic of the respiratory apparatus asua function of a
measured temperature of the flow of breathable gas.

- [00219] Example 61. The respiratory apparatus of any one of
Examples 57-60, wherein the processor calculates the
subordinate characteristic of the respiratory apparatus when
the flow generator controls the gas at ; constant
predetermined flow rate.

[00220] Example 62. The respiratory apparatus of Example
61, wherein the constant predetermined flow rate is 20

B liters/minute.
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-[00221] Example 63. The respiratory apparatus. of Example
61, wherein the constant predetermined flow rate is less than
50 liters/minute. |

[00222] Example 64. The respiratory apparatus of Examplc
61, wherein the constant predetermined flow rate is in the-
range Dbetween about 10 liters/minute and about 60
liters/minute. | , . .
[00223] ExampleA65. The respiratory apparatus of any one of
Examples 57—60, wherein the processor calculates the
subordinate characteristic of the respiratory apparatus when
the flow generator controls a constant predetermined motor
speed.

'[00224] .~ Example 66. The respiratory apparatus of any one of
Examples 58-65, wheréin the processor evaluates the calculated
subordinate characteristic by comparing the calculated
subordinate characteristic with a predetermined range of the
subordinate'characteristic; ‘
[00225] Example 67. The respiratory apparatus ?f Example
66, wherein the predetermined range of the subordinate
characteristic is a range that corresponds with bétwecn 0 and
9000 feet above sea level.

[00226] Example  68. The respirarory apparatus of claim 66,
wherein the predetermined range ‘of the subordinate
characteristic is a . range that corresponds with between 500
feet below sea level and 10,000 feet above sea level.

[00227]C Example 69. “The respiratory apparatus of any one of
Examples 66-68, wherein the processor deems the calculated
subordinate characteristic acceptable when the calculated
subordinate characteristic is within the predetermined range
of the subcrdinate characteristic.

[00228] Example 70. The respiratory apparatus of any one of
Examples 66-69, wherein the processor deems the calculated

subordinate characteristic unacceptable when the calculated
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subordinate characteristic is outside the  predetermined range
of the subordinate characteristic.

[00229] Example 71. The respiratory apparatus of any one of
Examples 57-70, wherein @ the processor calculates the
subordinate characteristic of the respiratory apparatus at a
predetermihed frequency for a predetermined period of time.
[00230] Example 72. The respiratory apparatus of claim 71,
wherein the predetegmined frequency is between 1 and 2 hertz.
[00231] Example 73. The respiratory appératus of any'one of
Examples 71-72, wherein the predetermined period of time is 5
secbnds.‘

[00232] Example 74. The respiratory apparatus of any one of
Examples 71-73, wherein the processor evaluates the piessure
sensor based on an average of the calculated subordinate
characteristic. ‘ -

/[00233] Example 75. The respiratory apparatus of any one of
Examples 71-74, wherein the processor determines the pressure
sensor accurate when an average of the calculated subordinate
characteristic satisfies a threshold comparison.

» [00234] Example 76. The respiratory apparatus of any one of
Examples 52-75, wherein the processor evaluates the pressure

~ sensor in an initialization process Before the respiratory
apparatus provides treatment to a patient.‘

[00235] Example 77. The respiratory apparatus of any one of
Examples 52-76, further> comprising a memory to store the
subordinate characteristic of the respiratory appafatus.
[00236] Example 78. The respiratory apparatus of any one of
vExamples 52-77, wherein the processor evéluates accuracy of
the pressure 'sensor by: .
calculatiné expected pressure of the gas generated by the
respiratory apparatus; and
comparing the expected pressure with the pressure

measured by the pressure sensor.
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[00237] Example 79. The 'respiratory apparatus of Example
78, wherein the processor calculates thé exbécted pressure
using the subordinate characteristic of the respiratory
apparatus, a measured flow rate of the flow of breathable gas,
and a measured motor speed of_the flow generator.
[00238] Example 80. The respiratory apparatus of Example
79, wherein the processor calculates the expected pressure
using a méasured‘temperature of the flow of breathable gas.
[00239] Example 81. The respifatory apparatus of any one of,
Examples 78-80, wherein the processof determines the accuracy
of the pressure sensor by comparing a difference between the
expected pressure - and the measured pressure vwith' a
predetermined threshold. :
[00240] Example 82. The respiratory apparatus of Example
81, wherein the predetermined threshold is 5 cmH20.
[00241] Example'83. Thé respiratory apparatus of any one of
Examples 81-82, wherein the processor detérmines the pressure
sensor inaccurate when the difference exceeds the
predetermined threshold. )
[00242] Example 84. The respirafory apparatus of any one of
Examples 81-83, wherein the processor deéermines the pressure
- sensor accurate when the difference is within the
predetermined threshold. '
[00243] Example 85. The respiratory apparatus of any one of
Examples 78-84, wherein the processor reads measurement of the
pressure from the pressure sensor, calculates the expected
pressure, and compares the expected_bressure with the measured
pressure at a prédetermined frequeﬁcy over a predetermined
period time of time.
[00244] Example 86. The respiratory apparatus of Example
85, wherein the predetermined frequency is between 1 and 2

hertz.
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[00245] Example 87. The respiratory apparatus of any one of

- Examples 85-86, wherein the predetermined period of time is 5
seconds. | .

[00246] Example 88. The respiratory apparatus of any one of
Examples 85-87, wherein the processor determines the presSuie
sensor- inaccurate based on a plurality of comparisons between
measured pressures and expéctedxpressures,

[00247] Example 89. The respiratory apparatus of any one
of Examples 52-77, wherein the subordinate characteristic of
the ' respiratory appafatus is a first subordinate
chéracteristic, and wherein thé processor determines the
accuracy of the pressure sensor by:

calculating a second subordinate characteristic of the
respiratory apparatus; and |
comparing the second subordinate characteristic of the

respiratory . apparatus with the first subordinate
characteristic of the respiratory apparatus.

[00248] Example 90. The respiratory apparatus of Example
89, wherein the processor calculates the second subordinate
characteristic of the respiratory apparatus using a measured .
flow rate of the flow of breathable gas, a measured motor
speed of the flow generator, and a pressﬁre measured by the
pressure sensor. » ’
[00249] Example 91. fhe respiratory apparatus of Example
90, wherein the processor Qalculates the second subordinate
,charécteristic of the respiratory apparatus from a measured
temperature of‘the flow of breathable gas. ‘

'[00250] Example 92. The respiratory apparatus of any oﬁe,of’
Examples 89-91, wherein the processor determines the accuracy
of the pressure sensor by comparing a difference between. the
first subordinate characteristic and the second subordinate

characteristic with a predetermined threshold.
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- [00251] = Example 93. The respiratory apparatus of Example
‘92, wherein the predetermined threshold is 600 feet.
[00252] Example 94. The respiratory apparatus of any one of
Examples 92-93, wherein the processor determines the pressure
sensor inaccurate when  the » difference exceeds the
predetermined threshold. A
[00253] 'Example 95. The respiratoiy apparatus of eny one of
Examples 92-94, wherein the processor determines the pressure
sensor accurate when the difference is. within the
predetermined threshold. |
[00254] Example 96. The respiratory apparatus of any‘ohe’of
Examples 89-95, wherein the processor is configure to read a
measurement of the pressure from the pressure sensor and to
_calcUlate the second subordinate characteristic based on the
measurement at a predetermined frequency over a predetermined
period of time. |
[00255j _Example 97. @ The respiratory apparatus of Example
96, wherein the predetermined frequency is between 1 and 2
hertz.
[00256] Example 98. The respiratory apparatus of any one of
Examples 96-97, wherein the predetermined period of time is 5
seconds. |
[00257] Example 99. The respiratory apparatus of any one of
Examples 96-98, wherein the processor determines the pressure
sensor inaccurate when an average of the second subordinate
characteristic calculated during the predetermined period of
time differs from the first subordinate characteristic by an
offset greater than a predetermined threshold.
[00258] Example 100. The respiratory apparatus of any one
of Examples 96-99, wherein the pressure sensor is determined
accurate when an average of the second subordinate

characteristic calculate oVer the predetermined period of time
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differs from the first subordinate characteristic by an offset
not greater than a predetermined thfeshold.

[00259] Example 101. The respiratory apparatus of any one
of Examples 52-100, wherein the processor is further
configured to set the flow generator to a motor speed based on
the pressure measured by the pressure sensor, when the
processor deterﬁines the pressure sensor inaccurate.

[00260] - Example 102. The respiratory apparatus of Example

101, Qherein the processor is further configured to maintain
the motor speed under a speed limit threshold.

[00261] Example 103. The respiratory apparatus of any one
of Examples 52-100, wherein the processor is further

'configured to determine a desired gas'pressure to be generated
by the flow generator, and determine a desired motor speed for
the flow generator based on a predetermined association
between motor speed valués and pressure values.

'[00262] Example 104; The method or appdaratus of any one of
the preceding examples wherein the subordinate characteristic
is altitude.

" [00263] Example 105. The method or apparatus of any one of
the preceding examples wherein the subordinate characteristic
is atmospheric pressure in which the apparatus is operated.
[00264] Example 106. The method or apparatus of any one of
the preceding examples whe;ein the subordinate characteristic
is density altitude.

[00265] Example 107. The method or apparatus of any one of
the preceding examples wherein the subordinate characteristic

is pressure altitude.
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CLAIMS

1. A method for determining accuracy of a pressure
sensor 1in a respiratory device, the respiratory device
including a flow generator comprising a motor configured to
generate a pressurised flow of Dbreathable gas, the method
comprising:

measuring pressure of the flow of breathable gas
generated by the flow generator using the pressure sensor; and

determining, with a processor, accuracy of the pressure
sensor based on the measured pressure and an altitude of the

respiratory device.

2. The method of claim 1, wherein the altitude of the
respiratory device 1is input by a user or measured by an

altimeter of the respiratory device.

3. The method of any one of claims 1-2, wherein the

processor calculates the altitude of the respiratory device.

4. The method of c¢laim 3, wherein the processor
determines the accuracy of the pressure sensor based on an

evaluation of the calculated altitude.

5. The method of any one of claims 3-4, wherein the
processor calculates the altitude of the respiratory device as
a function of (a) the pressure measured by the pressure sensor
and one or both of (b) (1) a measured flow rate of the flow of
breathable gas and (b) (2) a measured motor speed of the flow

generator.

6. The method of c¢laim 5, wherein the processor
calculates the altitude of the respiratory device as a
function of a measured temperature of the flow of breathable

gas.
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7. The method of any one of claims 3-6, wherein the
processor calculates the altitude of the respiratory device
when the flow generator controls the breathable gas at a

constant predetermined flow rate.

8. The method of claim 7, wherein the constant
predetermined flow rate is one of more of the following:

(1) 20 liters/minute;

(i1) less than 50 liters/minute; or

(iii) in a range between about 10 liters/minute and about

60 liters/minute.

9. The method of any one of claims 3-6, wherein the
altitude of the respiratory device is calculated when the flow

generator controls a constant predetermined motor speed.

10. The method of any one of claims 4-9, wherein the
processor evaluates the calculated altitude by comparing the

calculated altitude with a predetermined range of altitudes.

11. The method of claim 10, wherein the predetermined
range of altitudes is between 0 and 92000 feet above sea level
or between 500 feet below sea level and 10,000 feet above sea

level.

12. The method of any one of claims 10-11, wherein the
processor deems the calculated altitude acceptable when the
calculated altitude 1is within the predetermined range of

altitudes.

13. The method of any one of claims 10-12, wherein the
processor deems the calculated altitude unacceptable when the
calculated altitude 1s outside the predetermined range of

altitudes.
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14. The method of any one of claims 3-13, wherein the
processor calculates the altitude of the respiratory device at

a predetermined frequency over a predetermined period of time.

15. The method of claim 14, wherein the ©processor
evaluates the pressure sensor based on an average of the

calculated altitudes.

16. The method of any one of claims 14-15, wherein the
processor determines the pressure sensor accurate when an
average of the calculated altitudes satisfies a threshold

comparison.

17. The method of any one of claims 1-16, wherein the
processor evaluates the pressure sensor in an initialization
process before the respiratory device provides treatment to a

patient.

18. The method of any one of claims 1-17, further
comprising storing the altitude of the respiratory device in a

memory.

19. The method of any one of claims 1-18, wherein the
processor evaluates accuracy of the pressure sensor by:

calculating expected pressure of the gas generated by the
respiratory device; and

comparing the measured pressure with the expected

pPressure.

20. The method of claim 19, wherein the processor
calculates the expected pressure from the altitude of the
respiratory device, a measured flow rate of the flow of
breathable gas, and a measured motor speed of the flow

generator.
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21. The method of c¢laim 20, wherein the processor
calculates the expected pressure from a measured temperature

of the flow of breathable gas.

22. The method of any one of claims 19-21, wherein the
processor determines the accuracy of the pressure sensor by
comparing a difference between the measured pressure and the

expected pressure with a predetermined threshold.

23. The method of claim 22, wherein the predetermined

threshold is 5 cmH,O0.

24, The method of any one of claims 22-23, wherein the
processor determines at least one of the following:

(i) the pressure sensor 1naccurate when the difference

exceeds the predetermined threshold; or

(ii) the pressure sensor accurate when the difference 1is

within the predetermined threshold.

25. The method of any one of claims 19-24, wherein the
measurement of the pressure, the calculation of the expected
pressure, and the comparison of the measured pressure with the
expected pressure are performed at a predetermined frequency

over a predetermined period of time.

26. The method of c¢laim 25, wherein the processor
determines the pressure sensor inaccurate based on a plurality
of comparisons between measured pressures and expected

pressures.

27. The method of any one of claims 1-18, wherein the
altitude of the respiratory device is a first altitude, and
wherein the processor determines the accuracy of the pressure

sensor by:
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calculating a second altitude of the respiratory device;
and
comparing the second altitude of the respiratory device

with the first altitude of the respiratory device.

28. The method of c¢laim 27, wherein the processor
calculates the second altitude of the respiratory device from
a measured flow rate of the flow of breathable gas, a measured
motor speed of the flow generator, and the pressure measured

by the pressure sensor.

29. The method of c¢laim 28, wherein the processor
calculates the second altitude of the respiratory device from

a measured temperature of the flow of breathable gas.

30. The method of any one of claims 27-29, wherein the
processor determines the accuracy of the pressure sensor by
comparing a difference between the first altitude and the

second altitude with a predetermined threshold.

31. The method of claim 30, wherein the predetermined

threshold is 600 feet.

32. The method of any one of claims 30-31, wherein the
processor determines the pressure sensor inaccurate when one
or more of the following occurs: (1) the difference exceeds
the predetermined threshold; or (ii) when the difference 1is

within the predetermined threshold.
33. The method of any one of claims 27-32, wherein the

processor calculates the second altitude at a predetermined

frequency for a predetermined period of time.
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34. The method of c¢laim 33, wherein the processor
determines the pressure sensor inaccurate when an average of
the second altitude calculated during the predetermined period
of time differs from the first altitude by an offset greater

than a predetermined threshold.

35. The method of any one of claims 33-34, wherein the
processor determines the pressure sensor accurate when an
average oI the second altitude <calculated during the
predetermined period of time differs from the first altitude

by an offset not greater than a predetermined threshold.

36. The method of any one of claims 14-16, 25-26 or 33-
35, wherein the predetermined frequency is between 1 and 2

hertz.

37. The method of any one of claims 14-16, 25-26 or 33-

36, wherein the predetermined period of time is 5 seconds.

38. The method of any one of claims 1-37, further
comprising setting a motor speed for the flow generator based
on the measured pressure, when the processor determines the

pPressure sensor inaccurate.

39. The method of claim 38, further comprising

maintaining the motor speed under a speed limit threshold.

40. The method of any one of c¢laims 1-37, further
comprising determining a desired gas pressure to be generated
by the flow generator, and determining a desired motor speed
for the flow generator based on a predetermined association

between motor speed values and pressure values.

41. A respiratory apparatus comprising:
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a flow generator with a blower included therein to
generate a flow of breathable gas for a patient interface at a
pressure above atmospheric pressure;

a pressure sensor coupled with the flow generator, the
pressure sensor configured to measure pressure of the flow of
breathable gas; and

a processor coupled with the pressure sensor configured
to determine accuracy of the pressure sensor based on the
measured pressure and an altitude of the respiratory

apparatus.

42. The respiratory apparatus of claim 41, further
comprising at least one of:

(i) a flow sensor configured to measure a flow rate of
the flow of breathable gas;

(ii) a motor speed sensor configured to measure a motor
speed of the flow generator;

(iii) a wuser 1I/0 device configured to receive the
altitude of the respiratory apparatus input by a user; or
(iv) an altimeter to determine the altitude of the

respiratory apparatus.

43. The respiratory apparatus of any one of claims 41-
42, wherein the processor 1is configured to calculate the

altitude of the respiratory apparatus.

44, The respiratory apparatus of claim 43, wherein the
processor determines accuracy of the pressure sensor based on

evaluation of the calculated altitude.

45. The respiratory apparatus of any one of claims 43-
44, wherein the processor calculates the altitude of the
respiratory apparatus as a function of (a) the pressure

measured by the pressure sensor and one or both of (bl) a
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measured flow rate of the flow of breathable gas and (b) (2) a

measured motor speed of the flow generator.

46. The respiratory apparatus of claim 45, wherein the
processor calculates the altitude of the respiratory apparatus
as a function of a measured temperature of the flow of

breathable gas.

47. The respiratory apparatus of any one of claims 43-
46, wherein the processor calculates the altitude of the
respiratory apparatus when the flow generator controls the gas

at a constant predetermined flow rate.

48. The respiratory apparatus of claim 47, wherein the
constant predetermined flow rate is at least one of:
(1) 20 liters/minute;
(1i1) less than 50 liters/minute; or
(iii) in a range between about 10 liters/minute and about

60 liters/minute.

49. The respiratory apparatus of any one of claims 43-
48, wherein the processor calculates the altitude of the
respiratory apparatus when the flow generator controls a

constant predetermined motor speed.

50. The respiratory apparatus of any one of claims 44-
49, wherein the processor evaluates the calculated altitude by
comparing the calculated altitude with a predetermined range

of altitudes.

51. The respiratory apparatus of claim 50, wherein the
predetermined range of altitudes 1is between 0 and 9000 feet
above sea level or between 500 feet below sea level and 10,000

feet above sea level.
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52. The respiratory apparatus of any one of claims 50-
51, wherein the processor is configured to deem at least one
of the following:

(1) the calculated altitude acceptable when the

calculated altitude is within the predetermined range of

altitudes; or

(id) the calculated altitude unacceptable when the

calculated altitude is outside the predetermined range of

altitudes.

53. The respiratory apparatus of any one of claims 43-
52, wherein the processor calculates the altitude of the
respiratory apparatus at a predetermined frequency for a

predetermined period of time.

54. The respiratory apparatus of claim 53, wherein the
processor evaluates the pressure sensor based on an average of

the calculated altitudes.

55. The respiratory apparatus of any one of claims 53-
54, wherein the processor determines the pressure sensor
accurate when an average of the calculated altitudes satisfies

a threshold comparison.

56. The respiratory apparatus of any one of claims 41-
55, wherein the processor evaluates the pressure sensor in an
initialization process before the respiratory apparatus

provides treatment to a patient.

57. The respiratory apparatus of any one of claims 41-
56, further comprising a memory to store the altitude of the

respiratory apparatus.
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58. The respiratory apparatus of any one of claims 41-
57, wherein the processor evaluates accuracy of the pressure
sensor by:

calculating expected pressure of the gas generated by the
respiratory apparatus; and

comparing the expected pressure with the pressure

measured by the pressure sensor.

59. The respiratory apparatus of claim 58, wherein the
processor calculates the expected pressure using the altitude
of the respiratory apparatus, a measured flow rate of the flow
of breathable gas, and a measured motor speed of the flow

generator.

60. The respiratory apparatus of claim 59, wherein the
processor calculates the expected pressure using a measured

temperature of the flow of breathable gas.

©6l. The respiratory apparatus of any one of claims 58-
60, wherein the processor determines the accuracy of the
pressure sensor by comparing a difference between the expected
pressure and the measured pressure with a predetermined

threshold.

62. The respiratory apparatus of claim 61, wherein the

predetermined threshold is 5 cmH,0.

©63. The respiratory apparatus of any one of claims 61-
62, wherein the processor is configured to determine at least
one of the following:

(i) the pressure sensor 1inaccurate when the difference

exceeds the predetermined threshold; or

(ii) the pressure sensor accurate when the difference 1is

within the predetermined threshold.
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©64. The respiratory apparatus of any one of claims 58-
63, wherein the processor reads measurement of the pressure
from the pressure sensor, calculates the expected pressure,
and compares the expected pressure with the measured pressure
at a predetermined frequency over a predetermined period time

of time.

65. The respiratory apparatus of claim 64, wherein the
processor determines the pressure sensor inaccurate based on a
plurality of comparisons between measured pressures and

expected pressures.

66. The respiratory apparatus of any one of claims 41-
57, wherein the altitude of the respiratory apparatus is a
first altitude, and wherein the processor determines the
accuracy of the pressure sensor by:

calculating a second altitude of the respiratory
apparatus; and

comparing  the second altitude of the respiratory
apparatus with the first altitude of the respiratory

apparatus.

©67. The respiratory apparatus of claim 66, wherein the
processor calculates the second altitude of the respiratory
apparatus using a measured flow rate of the flow of breathable
gas, a measured motor speed of the flow generator, and the

pressure measured by the pressure sensor.

©68. The respiratory apparatus of claim 67, wherein the
processor calculates the second altitude of the respiratory
apparatus from a measured temperature of the flow of

breathable gas.
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©69. The respiratory apparatus of any one of claims 66-
68, wherein the processor determines the accuracy of the
pressure sensor by comparing a difference between the first
altitude and the second altitude with a predetermined

threshold.

70. The respiratory apparatus of claim 69, wherein the

predetermined threshold is 600 feet.

71. The respiratory apparatus of any one of claims 69-
70, wherein the processor determines the pressure sensor

inaccurate when the difference exceeds the predetermined

threshold.
72. The respiratory apparatus of any one of claims 69-
71, wherein the processor determines the pressure sensor

accurate when the difference 1is within the predetermined

threshold.

73. The respiratory apparatus of any one of claims 66-
72, wherein the processor is configure to read a measurement
of the pressure from the pressure sensor and to calculate the
second altitude based on the measurement at a predetermined

frequency over a predetermined period of time.

74. The respiratory apparatus of claim 73, wherein the
processor determines the pressure sensor inaccurate when an
average of the second altitude <calculated during the
predetermined period of time differs from the first altitude

by an offset greater than a predetermined threshold.
75. The respiratory apparatus of any one of claims 73-

74, wherein the pressure sensor is determined accurate when an

average of the second altitude calculate over the
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predetermined period of time differs from the first altitude

by an offset not greater than a predetermined threshold.

76. The respiratory apparatus of any one of claims 53-
55, 64-65 or 73-75, wherein the predetermined frequency 1is

between 1 and 2 hertz.

77. The respiratory apparatus of any one of claims 53-
55, 64-65 or 73-76, wherein the predetermined period of time

is 5 seconds.

78. The respiratory apparatus of any one of claims 41-
77, wherein the processor 1is further configured to set the
flow generator to a motor speed based on the pressure measured
by the pressure sensor, when the processor determines the

pPressure sensor inaccurate.

79. The respiratory apparatus of claim 78, wherein the
processor is further configured to maintain the motor speed

under a speed limit threshold.

80. The respiratory apparatus of any one of claims 41-
79, wherein the processor is further configured to determine a
desired gas pressure to be generated by the flow generator,
and determine a desired motor speed for the flow generator
based on a predetermined association between motor speed

values and pressure values.
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