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(57) Abstract: A pressure support device implements compensation for variations in air density of its operating environment. A
pressurized flow of breathable gas is generated for delivery to the airway of a subject. One or more parameters associated with the
ambient environment of the pressure support device are determined. These parameters can include one or more of an ambient baro -
metric air pressure, an ambient air temperature, or ambient air humidity. In some embodiments, one or more assumed parameters as -
sociated with the ambient environment of the pressure support device are determined based on typical sleeping conditions of the
subject. An ambient air density of the ambient environment of the pressure support device is estimated based on one or more of the
parameters and/or assumed parameters. A flow rate of the pressurized flow of breathable gas is adjusted based on the estimated am -
bient air density of the ambient environment of the pressure support device.



[01]

[02]

[03]

[04]

WO 2013/128365 PCT/IB2013/051510

COMPENSATING FOR VARIATIONS IN AIR DENSITY IN A PRESSURE
SUPPORT DEVICE

BACKGROUND

1. Field of the Disclosure
The present disclosure relates to compensating for variations in air density

in a pressure support device.

2. Description of the Related Art

It is known to treat a medical disorder or to diagnose, treat, or monitor the
condition of a subject using medical equipment. For example, subjects suffering from a
pulmonary or respiratory disorder, such as obstructive sleep apnea (OSA), are often
treated with a pressure support device. One example of such a pressure support device is
a continuous positive airway pressure (CPAP) device. A CPAP device delivers a flow of
fluid to the airway of the subject throughout the subject’s breathing cycle in order to
“splint” the airway, thereby preventing its collapse during sleep.

Another example of a pressure support device provides a bi-level positive
pressure therapy, in which the pressure of fluid delivered to the subject’s airway varies or
is synchronized with the subject’s breathing cycle to maximize the medical effect and/or
comfort to the subject. This type of device may be known as a bi-level positive airway
pressure (BiPAP) device. With some BiPAP devices, a lower pressure is delivered to the
subject during the subject’s expiratory phase than during the inspiratory phase. It is also
known to provide an auto-titration positive pressure therapy in which the pressure
provided to the subject changes based on detected conditions of the subject. Such
detected conditions may include whether the subject is snoring or experiencing an apnea,
hypopnea, or upper airway resistance.

Once a subject is diagnosed with a breathing disorder, he or she is
typically prescribed a pressure support therapy, i.c., a mode of pressure support (e.g.,
continuous, bi-level, or auto-titration), and given a prescribed pressure support level. The
pressure support therapy (mode of pressure support and pressure settings) is typically

prescribed by a physician after the subject undergoes a sleep study at a sleep lab.
1
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Pressure support devices range from very simple to highly complex with
regard to the approaches used to measure and control the pressure level of the air that is
delivered to subjects. The simplest pressure support devices do not utilize any pressure
sensors at all. Rather, they rely on a known relationship between the base motor speed
and the output pressure for their pressure control, and they generally control the motor
speed to that same level as long as therapy is delivered. However, it is well known that
for a given motor speed, the output pressure of the blower will vary substantially with the
density of the air (which is closely related to the air temperature and the absolute pressure
(barometric pressure) of the air through the “ideal gas law™). Therefore, it is appropriate
for these simplest of the pressure support devices to establish the base motor speed
setting based on the local air density. Some existing pressure support devices include
“manual altitude compensation” in which the base speed setting is adjusted based on a
coarse setting for the local altitude, which is inputted to the pressure support device by a
user. The altitude setting may be as coarse as having only three settings. For example,
the altitude settings may include a setting of “1” for altitudes of 0 — 2500 ft above sca
level, “2” for 2500 — 5000 ft, and “3” for 5000 — 7500 ft.

In contrast, more complex pressure support devices typically utilize a
differential pressure sensor to directly measure the pressure support device’s output
pressure relative to the local ambient atmospheric pressure, and then control the blower
speed to drive that pressure measurement to the proper (i.e., prescribed) level. In this
scheme, the motor speed is generally and continuously driven to whatever RPM is
necessary to generate the proper pressure for the patient. In these pressure support
devices, the altitude compensation is fully automatic and does not require any
intervention from the user. Further, the pressure control algorithm used in this approach
does not require knowledge of the motor speed or of any of the local ambient variables of
altitude, barometric air pressure, or air temperature in order to operate.

Because of the significant differences in how the simplest pressure support
devices control pressure versus how the more complex pressure support devices control
pressure, there are consequential differences in the accuracy of the pressure delivered to

the subject, and there are significant cost differences in terms of components required by
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the respective approaches. In general, the more complex pressure support devices are far
more accurate than their simpler counterparts (especially after taking into account output
pressure variation that might occur due to ambient air pressure, temperature, and/or
humidity deviations that may be encountered in the operating environment). The more
complex pressure support devices are also generally more costly than their simpler
counterparts due to presence of the differential pressure sensor and its associated signal

paths and added complexities in the pressure support device’s air path.
SUMMARY

Accordingly, it is an object of one or more embodiments of the present
disclosure to provide a system configured for compensating for variations in air density
in a pressure support device. The system comprises a flow generator, at least one sensor,
and one or more processors. The flow generator is configured to generate a pressurized
flow of breathable gas for delivery to the airway of a subject. The at least one sensor is
configured to provide one or more output signals conveying information relating to one
or more parameters associated with an ambient environment of the pressure support
device. The one or more processors are configured to execute computer program
modules. The computer program modules comprise an ambient parameter determination
module, an ambient air density estimation module, and a flow generator control module.
The ambient parameter determination module is configured to determine individual ones
of the one or more parameters associated with the ambient environment of the pressure
support device based on individual ones of the one or more output signals provided by
the at least one sensor. The ambient air density estimation module is configured to
estimate an ambient air density of the ambient environment of the pressure support
device based on individual ones of the one or more parameters determined by the ambient
parameter determination module. The flow generator control module is configured to
control the flow generator to adjust a flow rate of the pressurized flow of breathable gas
based on the estimated ambient air density of the ambient environment of the pressure
support device.

It is yet another aspect of one or more embodiments of the present
disclosure to provide a method for compensating for variations in air density in a pressure

3
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support device. The method includes generating a pressurized flow of breathable gas for
delivery to the airway of a subject. The method includes determining one or more
parameters associated with the ambient environment of the pressure support device. The
method includes estimating an ambient air density of the ambient environment of the
pressure support device based on individual ones of the one or more parameters
associated with the ambient environment of the pressure support device. The method
includes adjusting a flow rate of the pressurized flow of breathable gas based on the
estimated ambient air density of the ambient environment of the pressure support device.

It is yet another aspect of one or more embodiments to provide a system
configured for compensating for variations in air density in a pressure support device.
The system includes pressure generating means for generating a pressurized flow of
breathable gas for delivery to the airway of a subject. The system includes ambient
parameter determining means for determining one or more parameters associated with the
ambient environment of the pressure support device. The system includes air density
estimating means for estimating an ambient air density of the ambient environment of the
pressure support device based on individual ones of the one or more parameters
associated with the ambient environment of the pressure support device. The system
includes flow rate adjusting means for controlling the pressure generating means to adjust
a flow rate of the pressurized flow of breathable gas based on the estimated ambient air
density of the ambient environment of the pressure support device.

These and other objects, features, and characteristics of the present
disclosure, as well as the methods of operation and functions of the related elements of
structure and the combination of parts and economies of manufacture, will become more
apparent upon consideration of the following description and the appended claims with
reference to the accompanying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding parts in the various figures. It
is to be expressly understood, however, that the drawings are for the purpose of
illustration and description only and are not intended as a definition of the limits of the

disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system configured for compensating for variations in
air density in a pressure support device, in accordance with one or more embodiments;
and

FIG. 2 is a flow chart illustrating a method for compensating for variations

in air density in a pressure support device, in accordance with one or more embodiments.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

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

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

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

FIG. 1 illustrates a system 10 configured for compensating for variations
in air density in a pressure support device 11, in accordance with one or more

embodiments. During the respiratory treatments, a pressurized flow of breathable gas is
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delivered to the airway of a subject 12 in accordance with a therapy regimen. The
therapy regimen may be designed to treat a respiratory condition, such as Obesity
Hypoventilation Syndrome, Obstructive Sleep Apnea, and/or other pulmonary or
respiratory disorders. According to exemplary embodiments, a flow rate of the
pressurized flow of breathable gas delivered to the airway of subject 12 is adjusted based
on an estimated ambient air density of an ambient environment of pressure support
device 11. The estimated ambient air density is determined based on one or more
measured and/or assumed parameters associated with an ambient environment of pressure
support device 11. In one embodiment, system 10 includes one or more of a flow
generator 14, electronic storage 16, a user interface 18, one or more sensors 20, a
processor 24, and/or other components.

In one embodiment, flow generator 14 is configured to generate a
pressurized flow of breathable gas for delivery to the airway of subject 12. The flow
generator 14 may control one or more parameters of the pressurized flow of breathable
gas (e.g., flow, pressure, volume, humidity, temperature, gas composition, ctc.) for
therapeutic purposes, or for other purposes. The one or more parameters may be
controlled in accordance with a therapy regimen. The therapy regimen may be
configured to sustain and/or otherwise improve the quality of life in subject 12. By way
of non-limiting example, flow generator 14 may be configured to control the pressure of
the pressurized flow of breathable gas in order to treat respiratory insufficiency or
obstructed airway syndrome. The flow generator 14 may include a positive flow
generator configured to provide a positive airway pressure therapy to subject 12. Such a
device is described, for example, in U.S. Patent No. 6,105,575, hereby incorporated by
reference in its entirety.

The pressurized flow of breathable gas is delivered to the airway of
subject 12 via a subject interface 26. Subject interface 26 is configured to communicate
the pressurized flow of breathable gas generated by flow generator 14 to the airway of
subject 12. As such, subject interface 26 includes a conduit 28 and an interface appliance
30. Conduit 28 conveys the pressurized flow of breathable gas to interface appliance 30,

and interface appliance 30 delivers the pressurized flow of breathable gas to the airway of
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subject 12. Some examples of interface appliance 30 may include, for example, an
endotracheal tube, a nasal cannula, a nasal mask, a nasal/oral mask, a full face mask, a
total face mask, or other interface appliances configured to communicate a flow of gas
with an airway of a subject. The present disclosure is not limited to these examples, and
contemplates delivery of the pressurized flow of breathable gas to subject 12 using any
subject interface.

Although FIG. 1 illustrates the configuration of system 10 with subject
interface 26 as being a single-limb, passive system, this is not intended to be limiting. It
will be appreciated that the scope of this disclosure includes embodiments in which the
subject interface 26 is formed as a two-limbed system including a second conduit
configured to receive exhalation from interface appliance 30. The second conduit may
exhaust such fluid to atmosphere, may convey such fluid to a filter, and/or convey such
fluid to other components including a component within system 10.

In one embodiment, electronic storage 16 comprises electronic storage
media that electronically stores information. The electronic storage media of electronic
storage 16 may include one or both of system storage that is provided integrally (i.e.,
substantially non-removable) with system 10 and/or removable storage that is removably
connectable to system 10 via, for example, a port (¢.g., a USB port, a firewire port, etc.)
or adrive (e.g., a disk drive, etc.). Electronic storage 16 may include one or more of
optically readable storage media (e.g., optical disks, ctc.), magnetically readable storage
media (e.g., magnetic tape, magnetic hard drive, floppy drive, etc.), clectrical charge-
based storage media (e.g., EEPROM, RAM, ctc.), solid-state storage media (e.g., flash
drive, etc.), and/or other electronically readable storage media. Electronic storage 16
may store software algorithms, look-up tables, information determined by processor 24,
information received via user interface 18, and/or other information that enables system
10 to function properly. Electronic storage 16 may be (in whole or in part) a separate
component within system 10, or electronic storage 16 may be provided (in whole or in
part) integrally with one or more other components of system 10 (e.g., flow generator 14,

user interface 18, processor 24, and/or other components of system 10).
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User interface 18 is configured to provide an interface between system 10
and one or more users (e.g., subject 12, a caregiver, a rescarcher, a therapy decision-
maker, and/or other users) through which the users may provide information to and
receive information from system 10. This enables data, cues, results, and/or instructions
and any other communicable items, collectively referred to as “information,” to be
communicated between the users and one or more of flow generator 14, electronic
storage 16, processor 24, and/or other components of system 10. Examples of interface
devices suitable for inclusion in user interface 18 include a keypad, buttons, switches, a
keyboard, knobs, levers, a display screen, a touch screen, speakers, a microphone, an
indicator light, an audible alarm, a printer, a tactile feedback device, and/or other
interface devices. In one embodiment, user interface 18 includes a plurality of separate
interfaces. In one embodiment, user interface 18 includes at least one interface that is
provided integrally with flow generator 14. User interface 18 may be configured to
receive input from subject 12 to modify tunable parameters of system 10. For example,
user interface 18 may be configured to receive input from subject 12 to modify or select
sensitivity or response time of the respiratory state detection (e.g., the threshold level for
breathing state transition detection may be adjusted for either an increase or a decrease in
sensitivity with a graduated knob or a digital interface displaying a number from 1 to 10).

It is to be understood that other communication techniques, cither hard-
wired or wireless, are also contemplated by the present disclosure as user interface 18.
For example, the present disclosure contemplates that user interface 18 may be integrated
with a removable storage interface provided by electronic storage 16. In this example,
information may be loaded into system 10 from removable storage (e.g., a smart card, a
flash drive, a removable disk, etc.) that enables the user(s) to customize the
implementation of system 10. Other exemplary input devices and techniques adapted for
use with system 10 as user interface 18 include, but are not limited to, an RS-232 port,
RF link, an IR link, modem (telephone, cable or other). In short, any technique for
communicating information with system 10 is contemplated by the present disclosure as

user interface 18.
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Individual ones of sensors 20 are configured to provide one or more output
signals conveying information relating to one or more parameters associated with an
ambient environment of pressure support device 11. The ambient environment includes
the atmosphere surrounding pressure support device 11. Examples of parameters
associated with the ambient environment of pressure support device 11 include one or
more of an ambient barometric air pressure, an ambient air temperature, ambient air
humidity, and/or other parameters. The location depicted in FIG. 1 of sensors 20 is not
intended to be limiting as individual sensors 20 may be disposed elsewhere in system 10.
For example, one or more sensors 20 may be disposed in or near an intake of pressure
generator 14. As another example, one or more sensors 20 may be disposed proximate to
a vent (not depicted in FIG. 1) that communicates air from immediately outside of an
enclosure (not depicted in FIG. 1) of pressure support device 11 to individual sensors 20.
As yet another example, one or more sensors 20 may be configured to probe
environmental conditions within an enclosure (not depicted in FIG. 1) of pressure support
device 11, which may be used to determine or estimate one or more parameters
associated with an ambient environment of pressure support device 11.

Generally speaking, ambient barometric air pressure describes the force
per unit area exerted on a surface by the weight of air above that surface in the
atmosphere of Earth. Ambient barometric air pressure may be referred to as “absolute
pressure.” Ambient barometric air pressure differs from differential pressure in that
differential pressure describes the difference between two or more pressures. Individual
ones of sensors 20 may include a piezoresistive-strain-gauge-based pressure sensor, a
capacitance-based pressure sensor, a resonance-based pressure sensor, and/or other
sensors configured to provide output signals conveying information relating to ambient
barometric air pressure.

An ambient air temperature is a measure of the warmth or coldness of the
air surrounding pressure support device 11. As such, individual ones of sensors 20 may
include a thermometer, a thermocouple, and/or other sensors configured to provide output

signals conveying information relating to ambient air temperature.
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Ambient air humidity describes the amount of water vapor in the air.
Ambient air humidity may be expressed as absolute humidity, relative humidity, and/or
specific humidity. Absolute humidity is defined in terms of the water content of air, and
can be expressed as the mass of water vapor per unit volume of air. Relative humidity is
the ratio of the partial pressure of water vapor in the air to the saturated vapor pressure of
water under the same conditions (e.g., same pressure and temperature), and is typically
expressed as a percentage. Specific humidity is the ratio of water vapor to dry air in a
particular mass of air, and is expressed as a ratio of mass of water vapor per mass of dry
air. Thus, individual ones of sensors 20 may include a psychrometer, a hygrometer, an
infrared-based humidity sensor, and/or other sensors configured to provide output signals
conveying information relating to ambient air humidity.

Although sensors 20 are illustrated as two separate sensors disposed in
pressure support device 11, this is not intended to be limiting. The sensors 20 may
include one or more sensors disposed in single location or a plurality of locations, such as
for example, adjacent to flow generator 14, adjacent to conduit 28, adjacent to interface
appliance 30, and/or other locations.

Other output signals conveying information relating to one or more
parameters associated with an ambient environment of pressure support device 11 are
contemplated. For example, sensors 20 may include a sensor that is separate and distinct
from pressure support device 11. In some embodiments, one or more of sensors 20 may
be placed outside of system 10. In such embodiments, the output signals generated by
the externally located sensors 20 can be relayed to processor 24 by wired and/or wireless
configuration. An independent user interface may be included with the externally located
sensors 20 that receives the output signals generated by sensors 20, processes the output
signals implementing some or all of the techniques described herein, and/or displaying at
least some of the determined information.

Processor 24 is configured to provide information processing capabilities
in system 10. As such, processor 24 may include one or more of a digital processor, an
analog processor, a digital circuit designed to process information, an analog circuit

designed to process information, a state machine, and/or other mechanisms for
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clectronically processing information. Although processor 24 is shown in FIG. 1 as a
single entity, this is for illustrative purposes only. In some embodiments, processor 24
may include a plurality of processing units. These processing units may be physically
located within the same device (e.g., flow generator 14), or processor 24 may represent
processing functionality of a plurality of devices operating in coordination.

As is shown in FIG. 1, processor 24 may be configured to execute one or
more computer program modules. The one or more computer program modules may
include one or more of an ambient parameter determination module 32, an ambient
parameter assumption module 34, an ambient air density estimation module 36, a flow
generator control module 38, and/or other modules. Processor 24 may be configured to
execute modules 32, 34, 36, and/or 38 by software; hardware; firmware; some
combination of software, hardware, and/or firmware; and/or other mechanisms for
configuring processing capabilities on processor 24.

It should be appreciated that although modules 32, 34, 36, and 38 arc
illustrated in FIG. 1 as being co-located within a single processing unit, in embodiments
in which processor 24 includes multiple processing units, one or more of modules 32, 34,
36, and/or 38 may be located remotely from the other modules. The description of the
functionality provided by the different modules 32, 34, 36, and/or 38 described below is
for illustrative purposes, and is not intended to be limiting, as any of modules 32, 34, 36,
and/or 38 may provide more or less functionality than is described. For example, one or
more of modules 32, 34, 36, and/or 38 may be climinated, and some or all of its
functionality may be provided by other ones of modules 32, 34, 36, and/or 38. As
another example, processor 24 may be configured to execute one or more additional
modules that may perform some or all of the functionality attributed below to one of
modules 32, 34, 36, and/or 38.

According to some embodiments, ambient parameter determination
module 32 is configured to determine one or more parameters associated with the
ambient environment of pressure support device 11 based on one or more output signals
provided by sensors 20. As discussed above, the one or more parameters associated with

the ambient environment of pressure support device 11 include one or more of an

11
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ambient barometric air pressure, an ambient air temperature, ambient air humidity, and/or
other parameters. In some embodiments, a given parameter can be determined using a
look-up table including parameter values corresponding to information conveyed by an
output signal of sensors 20. A given parameter may be determined by calculating the
given parameter, in accordance with some embodiments. For example, with relative

humidity H, the partial pressure of water vapor P, can be calculated as:
P,=H: Py, [EQN 1]

where Py, is the saturation pressure of water (at the temperature 7) when the relative
humidity H is 100% (i.e., H=1.00). Py, can be calculated from 7 using formulas or look
up tables.

According to some embodiments, ambient parameter assumption module
34 is configured to determine one or more assumed parameters associated with the
ambient environment of pressure support device 11 based on typical sleeping conditions
of subject 12. The one or more assumed parameters include one or more of an assumed
air temperature, an assumed air humidity, and/or other assumed parameters. Typical
sleeping conditions describe normal ambient air temperatures and/or normal ambient air
humidities in the environment in which subject 12 sleeps. In one embodiment, typical
sleeping conditions include an ambient air temperature of 70 °F and/or an ambient air
humidity of 50% (relative humidity). One or more assumed parameters can be entered
via user interface 18, in some embodiments. One or more assumed parameters may be
determined when the corresponding parameter(s) cannot be determined by ambient
parameter determination module 32.

According to some embodiments, ambient air density estimation module
36 is configured to estimate an ambient air density of the ambient environment of
pressure support device 11 based on one or more parameters determined by ambient
parameter determination module 32 and/or one or more assumed parameters determined
by ambient parameter assumption module 34. In some embodiments, the ambient air
density can be determined using a look-up table including air density values
corresponding to one or more parameters determined by ambient parameter determination
module 32 and/or one or more assumed parameters determined by ambient parameter

12
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assumption module 34. The ambient air density may be determined by calculating the
ambient air density, in accordance with some embodiments. For example, in one

embodiment, the ambient air density D is calculated as:
D=[P-P)/Ra D]+[P)/ (R, T)], [EQN. 2]

where R, is the Ideal Gas Constant for dry air, R, is the Ideal Gas Constant for water
vapor, P is the ambient air pressure, and P, is the vapor pressure of water (see, e.g.,
EQN. 1) at the ambient air temperature 7.

According to some embodiments, flow generator control module 38 is
configured to control flow generator 14 to produce and deliver a desired therapy via the
delivered breathable air. This may include controlling flow generator 14 to adjust a flow
rate of the pressurized flow of breathable gas. In some embodiments, adjustments to the
flow rate are based on the estimated ambient air density of the ambient environment of
pressure support device, as determined by ambient air density estimation module 36. In
some embodiments, flow generator control module 38 may be configured to calculate a
target shaft rotational speed W of flow generator 14 that will result in the desired pressure
of the pressurized flow of breathable gas delivered to the airway of subject 12. In one

embodiment, W may be calculated as:
W=K-[SQRT(Ps./ D)] , [EQN. 3]

where K is a known constant for the geometry of a particular flow generator 14 being
used and Py is the desired pressure. Flow generator control module 38 may control flow
generator 14 to adjust W such that a pressurized flow of breathable gas at Py is delivered
to the airway of subject 12. Calculations for W can be updated as often as necessary so as
to track changes in the ambient environmental conditions in order to meet performance
requirements.

In some embodiments, flow generator control module 38 may be
configured to determine W using a look-up table containing reference speed settings W.r
necessary to achieve various corresponding pressures (e.g., Ps.;). Values for W, can be

derived empirically with air at a known density level D,.. Here, W can be calculated as:
W= W+ [SQRT(D,r/ D)) . [EQN. 4]
13
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FIG. 2 is a flow chart illustrating a method 40 for compensating for
variations in air density in a pressure support device, in accordance with one or more
embodiments. The operations of method 40 presented below are intended to be
illustrative. In some embodiments, method 40 is accomplished with one or more
additional operations not described, and/or without one or more of the operations
discussed. Additionally, the order in which the operations of method 40 are illustrated in
FIG. 2 and described below is not intended to be limiting.

In some embodiments, method 40 is implemented in one or more
processing devices (e.g., a digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit designed to process information, a
state machine, and/or other mechanisms for electronically processing information). The
one or more processing devices may include one or more devices executing some or all
of the operations of method 40 in response to instructions stored electronically on an
electronic storage medium. The one or more processing devices may include one or
more devices configured through hardware, firmware, and/or software to be specifically
designed for execution of one or more of the operations of method 40.

At an operation 42, a pressurized flow of breathable gas is generated for
delivery to the airway of a subject. Operation 42 may be performed by flow generator
14, in accordance with one or more embodiments.

At an operation 44, one or more output signals are received from one or
more sensors. Individual output signals convey information relating to one or more
parameters associated with an ambient environment of a pressure support device (e.g.,
pressure support device 11). The one or more parameters associated with the ambient
environment of the pressure support device include one or more of an ambient barometric
air pressure, an ambient air temperature, ambient air humidity, and/or other parameters.
The one or more sensors may include sensors 20. Operation 44 may be performed by
processor 24.

At an operation 46, an ambient barometric air pressure associated with the
ambient environment of the pressure support device is determined based on the one or

more output signals received at operation 44. Operation 46 is performed by an ambient
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parameter determination module that is the same as or similar to ambient parameter
determination module 32, in accordance with one or more embodiments.

At an operation 48a, typically for embodiments where the one or more
sensors include a temperature sensor, an ambient air temperature associated with the
ambient environment of the pressure support device is determined based on the one or
more output signals received at operation 44. Operation 48a is performed by an ambient
parameter determination module that is the same as or similar to ambient parameter
determination module 32, in accordance with one or more embodiments.

At an operation 48b, typically for embodiments where the one or more
sensors do not include a temperature sensor, an assumed air temperature associated with
the ambient environment of the pressure support device is determined based on typical
sleeping conditions of the subject. Operation 48b is performed by an ambient parameter
assumption module that is the same as or similar to ambient parameter assumption
module 34, in accordance with one or more embodiments.

At an operation 50a, typically for embodiments where the one or more
sensors include a humidity sensor, an ambient air humidity associated with the ambient
environment of the pressure support device is determined based on the one or more
output signals received at operation 44. Operation 50a is performed by an ambient
parameter determination module that is the same as or similar to ambient parameter
determination module 32, in accordance with one or more embodiments.

At an operation 50b, typically for embodiments where the one or more
sensors do not include a humidity sensor, an assumed air humidity associated with the
ambient environment of the pressure support device is determined based on typical
sleeping conditions of the subject. Operation 50b is performed by an ambient parameter
assumption module that is the same as or similar to ambient parameter assumption
module 34, in accordance with one or more embodiments.

At an operation 52, an ambient air density of the ambient environment of
the pressure support device is estimated based on individual parameters (e.g., ambient
barometric air pressure, ambient air temperature, ambient air humidity, and/or other

parameters) and/or assumed parameters (e.g., assumed air temperature, assumed air
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humidity, and/or other assumed parameters) associated with the ambient environment of
the pressure support device. Operation 52 is performed by an ambient air density
estimation module that is the same as or similar to ambient air density estimation module
36, in accordance with one or more embodiments.

At an operation 54, a flow rate of the pressurized flow of breathable gas is
adjusted based on the estimated ambient air density of the ambient environment of the
pressure support device. Operation 54 is performed by a flow generator control module
that is the same as or similar to flow generator control module 38 in conjunction with
flow generator 14, in accordance with one or more embodiments.

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

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

combined with one or more features of any other embodiment.
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What is Claimed is:

1. A system configured for compensating for variations in air density in a
pressure support device (11), the system comprising:
a flow generator (14) configured to generate a pressurized flow of
breathable gas for delivery to the airway of a subject;
at least one sensor (20) configured to provide one or more output signals
conveying information relating to one or more parameters associated with an ambient
environment of the pressure support device; and
one or more processors (24) configured to execute computer program
modules, the computer program modules comprising:
an ambient parameter determination module (32)
configured to determine individual ones of the one or more parameters associated with
the ambient environment of the pressure support device based on individual ones of the
one or more output signals provided by the at least one sensor;
an ambient air density estimation module (36) configured
to estimate an ambient air density of the ambient environment of the pressure support
device based on individual ones of the one or more parameters determined by the ambient
parameter determination module; and
a flow generator control module (38) configured to control
the flow generator to adjust a flow rate of the pressurized flow of breathable gas based on
the estimated ambient air density of the ambient environment of the pressure support

device.

2. The system of claim 1, wherein the one or more parameters associated
with the ambient environment of the pressure support device include one or more of an

ambient barometric air pressure, an ambient air temperature, or ambient air humidity.

3. The system of claim 1, wherein the computer program modules further

comprise an ambient parameter assumption module (34) configured to determine one or

17
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more assumed parameters associated with the ambient environment of the pressure

support device based on typical sleeping conditions of the subject.

4. The system of claim 3, wherein the one or more assumed parameters
associated with the ambient environment of the pressure support device include one or

both of an assumed air temperature or an assumed air humidity.

5. The system of claim 3, wherein the ambient air density estimation
module is further configured to estimate the ambient air density of the ambient
environment of the pressure support device based on individual ones of the one or more

assumed parameters determined by the ambient parameter assumption module.

6. A method for compensating for variations in air density in a pressure
support device (11), the method comprising:

generating a pressurized flow of breathable gas for delivery to the airway
of a subject;

determining one or more parameters associated with the ambient
environment of the pressure support device;

estimating an ambient air density of the ambient environment of the
pressure support device based on individual ones of the one or more parameters
associated with the ambient environment of the pressure support device; and

adjusting a flow rate of the pressurized flow of breathable gas based on the

estimated ambient air density of the ambient environment of the pressure support device.
7. The method of claim 6, wherein the one or more parameters associated

with the ambient environment of the pressure support device include one or more of an

ambient barometric air pressure, an ambient air temperature, or ambient air humidity.

18
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8. The method of claim 6, further comprising determining one or more
assumed parameters associated with the ambient environment of the pressure support

device based on typical sleeping conditions of the subject.

9. The method of claim 8, wherein the one or more assumed parameters
associated with the ambient environment of the pressure support device include one or

both of an assumed air temperature or an assumed air humidity.

10. The method of claim 8, wherein estimating the ambient air density of
the ambient environment of the pressure support device is based on individual ones of the
one or more assumed parameters associated with the ambient environment of the pressure

support device.

11. A system configured for compensating for variations in air density in
a pressure support device (11), the system comprising:

pressure generating means (14) for generating a pressurized flow of
breathable gas for delivery to the airway of a subject;

ambient parameter determining means (32) for determining one or more
parameters associated with the ambient environment of the pressure support device;

air density estimating means (36) for estimating an ambient air density of
the ambient environment of the pressure support device based on individual ones of the
one or more parameters associated with the ambient environment of the pressure support
device; and

flow rate adjusting means (38) for controlling the pressure generating
means to adjust a flow rate of the pressurized flow of breathable gas based on the

estimated ambient air density of the ambient environment of the pressure support device.

12. The system of claim 11, wherein the one or more parameters

associated with the ambient environment of the pressure support device include one or
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more of an ambient barometric air pressure, an ambient air temperature, or ambient air

humidity.

13. The system of claim 11, further comprising assumed parameter
determining means (34) for determining one or more assumed parameters associated with
the ambient environment of the pressure support device based on typical sleeping

conditions of the subject.

14. The system of claim 13, wherein the one or more assumed parameters
associated with the ambient environment of the pressure support device include one or

both of an assumed air temperature or an assumed air humidity.

15. The system of claim 13, wherein estimating the ambient air density of
the ambient environment of the pressure support device by the air density estimating
means is based on individual ones of the one or more assumed parameters associated with

the ambient environment of the pressure support device.
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