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(57) Abstract: A heater unit (16) is adapted to determine
if a humiditication chamber (20) thermally coupled to a
hot plate (32) of the heater unit (16) is effectively dry
based on determining a thermal response of a hot plate
(32) of the heater unit (16). Also, the activation period
during which the hot plate (32) is being heated may be
adjusted toward an optimum period by adjusting the en-
ergization or power level to the heater element (40)
thereot in relation to the duration of a prior activation
period. Further, the air flow rate of gas through the hu-
midification chamber (20) may be estimated based on a
temperature of the hot plate (32) determined in predeter -
mined relationship to the beginning of an activation peri-
od.
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HEATER UNIT HUMIDIFICATION CHAMBER MONITOR

Field of the Invention

[0001] The present invention relates to heater units adapted to monitor humidification
chambers coupled thereto and used to heat and humidify gases, such as breathable gases in a

respiratory system.

Background of the Invention

[0002] Respiratory systems provide breathable gas, such as oxygen, anesthetic gas,
and/or air directly to a patient's mouth, nose, or airway to assist or facilitate breathing by the
patient. A ventilator may be used as part of the respiratory system to drive the breathable gas
to the patient through an inspiratory limb hose or conduit of a breathing circuit. The
breathing circuit may include an expiratory limb hose or conduit to carry expelled air and
other gas(es) from the patient back to the ventilator.

[0003] It is typically desired to warm and impart humidity to the breathable gas before it
is provided to the patient. For that purpose, many respiratory systems include a
humidification system having a humidification chamber for holding water and a heater unit to
which the humidification chamber may be releasably mounted. The humidification chamber
is typically a dome-shaped plastic member with a thermally conductive metal base plate, and
is typically intended to be disposable so as not to be reused from patient to patient. The heater
unit includes a heater, which may be comprised of one or more heater elements and a metal
plate defining a hot plate. A wall of the humidification chamber, such as the thermally
conductive metal base plate, is placed into thermal contact with the hot plate of the heater, to
thus heat the water in the humidification chamber. The breathable gas is coupled into and
passed through the humidification chamber to be heated and humidified before being passed
on to the patient, such as through the inspiratory limb of the breathing circuit. Examples of
heater unit and humidification chambers are shown in U.S. Patent Nos. 6,988,497 and
5,943,473, the disclosures of both of which are incorporated herein by reference as if fully set
forth herein.

[0004] Typical heater units may also include a processor-based control responsive to one
or more temperatures of the system by which to control the heater, as well as heater elements
which may be associated the inspiratory and/or expiratory limbs of the breathing circuit. For

example, a sensor such as a thermocouple thermally coupled to the hot plate indicates to the
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control the current temperature of the hot plate. By way of example, the gas temperature is
monitored either at the humidification chamber outlet or at the patient. In a typical
thermostatic controlled system, the hot plate heater element is energized with a fixed power
level when the monitored gas temperature drops to or below a low temperature threshold so
as to heat up the hot plate. The water, in turn, heats up which imparts heat and humidity to
the gas passing through the humidification chamber. The heater element is then turned off
when the gas temperature increases to a high temperature threshold, and the hot plate begins
to cool. The water and thus the gas temperature will in turn begin to cool until the gas
temperature decreases again to the low temperature threshold at which the heater element is
again energized. The period of time during which the heater element is energized may be
referred to herein as an "activation period" whereas the time during which the heater element
is not being energized may be referred to herein as a "cooling period." Together, an
activation period and a cooling period may be seen as making up a heating cycle.

[0005] Similarly, the gas temperature to the patient can be indicated by sensors associated
with the inspiratory limb adjacent the humidification chamber or adjacent the patient. One or
more of those temperatures can be utilized by the processor(s) to selectively energize the hot
plate heater elements and/or limb heater elements with the goal of attaining a desired
temperature set point of the humidified, breathable gas. Moreover, should any of the
temperatures being monitored exceed an applicable maximum level or differential, the heater
unit may be shut down and/or caused to set off an alarm. An example of a processor-based
control is shown in U.S. Patent Publication No. 2009/0110379, the disclosure of which is
incorporated herein by reference as if fully set forth herein.

[0006] As the breathable gas passes through the humidification chamber, the water
therein is depleted such as by evaporation. The humidification chamber may be manually
refillable, or there may be a water source to selectively fill the humidification chamber as it
empties. However, situations might arise where the water level in the humidification
chamber becomes so low that the humidification chamber is effectively dry. As a
consequence, the breathable gas passing through the humidification chamber exits into the
breathing circuit with insufficient humidity. Current heater units are not equipped to monitor
the water level in the humidification chamber, leaving it to the caregivers to devote
significant time and effort to manually monitor the humidification chamber and determine if
there is an acceptable level of water present. While it may be possible to automatically
monitor the level with a sensor associated with the humidification chamber, that approach is

not desirable. Not only is there the added cost of the sensor(s) for doing so, but the
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processor-based control of the heater unit would have to be adapted to communicate with an

additional sensor, thus adding cost and complexity to the heater unit.

Summary of the Invention

[0007] In one aspect, the present invention provides a method and apparatus for
automatically monitoring the water level in the humidification chamber without the need for
manual monitoring or additional sensors or the like. To that end, and in accordance with the
principles of that one aspect of the present invention, a determination of whether the
humidification chamber is effectively dry is accomplished by evaluating the thermal response
of the hot plate based on monitoring the temperature of the hot plate over a period of time
(which may be referred to as a "sampling period"), such as over all or part of an activation
period (although the period of time could instead be over all or part of a cooling period). The
hot plate temperature may be monitored with a sensor already provided for that purpose and
electrically coupled to the control, such that an additional sensor is not necessary. Instead,
the processor-based control is adapted to utilize the monitored hot plate temperature over the
sampling period to determine the thermal response and determine therefrom whether the
humidification chamber is effectively dry.

[0008] More particularly, we have determined that the thermal response of the hot plate
when the humidification chamber is effectively dry defines a curve that, if plotted, essentially
approaches a straight line temperature response over the sampling period, whereas the
thermal response when the humidification chamber has sufficient water results in a rate of
change of the temperature that varies over time to produce a curve which, if plotted, has a
substantial degree of arc as a temperature response over that same sampling period. To that
end, and in accordance with this one aspect of the present invention, the temperature of the
hot plate may be advantageously sampled over a period of time, such as during the activation
period while heat is being applied thereto or during the cooling period while heat is not being
applied thereto, to measure the thermal response of the hot plate. After a number of samples
have been obtained, the processor, in effect, determines the shape of the temperature response
from the temperature samples taken during the sampling period to determine if the degree of
the curve is sufficiently close to a straight line curve to indicate that the humidification
chamber is effectively dry, or if the degree of the curve sufficiently departs from a straight

line curve, such as by being sufficiently arced, that there is expected to be sufficient fluid in
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the humidification chamber, in which event the humidification chamber is not considered
effectively dry.

[0009] While a number of "curve fit" methodologies may be employed to make the
determination, one advantageous methodology involves the processor accumulating the
differences between the sampled temperatures and a starting temperature over the sampling
period to generate a thermal response value, and generating a base-line value correlated to the
difference between the starting temperature and the last-sampled temperature, the latter being
representative of the expected thermal response value of an effectively dry humidification
chamber. The processor compares the thermal response value to the base-line value to make
a determination whether the humidification chamber is effectively dry, the determination
being affirmative if, for example, the thermal response value is sufficiently close to the
base-line value.

[0010] To that end, the determination can be made by comparing the ratio of the thermal
response value to the base-line value against a threshold value. For example, if the ratio is
greater than the threshold value, the thermal response is deemed sufficiently arced that the
humidification chamber will be considered to have sufficient water. In that event, the
determination is not made that the humidification chamber is effectively dry (which, for
purposes of the present invention is considered the same as making a determination that the
humidification chamber has an acceptable level of water therein). By contrast, if the ratio is
below the threshold value, the thermal response is sufficiently close to a straight line that the
humidification chamber will be determined to be effectively dry. If the ratio is at the
threshold value, the determination may be made that the humidification chamber is
effectively dry or is considered to have sufficient water to avoid such a determination,
depending on the chosen threshold. The temperature readings from the hot plate sensor over
time can thus be accumulated by the processor in order to determine the thermal response.
Based thereon, the processor can automatically determine if the humidification chamber is
effectively dry, and if so, an alarm may be generated to alert the caregiver.

[0011] By virtue of the foregoing, in accordance with one aspect of the present invention,
there is thus provided a method and apparatus for automatically monitoring the water level in
the humidification chamber without the need for manual monitoring, or additional sensors or
the like.

[0012] While the low and high temperature thresholds are selected to cause the heater
unit to attempt to achieve a desired set point of the heated and humidified gas, the activation

period is not fixed but varies due to operational parameters over which the heater unit has no
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control, such as air flow rate of the gas through the humidification chamber and/or the
thermal mass of the water in the humidification chamber. We have determined, however,
that the sampling period should not be so short that even with sufficient water the effective
"curve" will be sufficiently close to a straight line as to cause the processor to determine that
the humidification chamber is effectively dry. Similarly, we have determined that the
sampling period should not be so long that even when effectively dry, the temperature
samples will result in an arced "curve" indicative of sufficient water in the humidification
chamber such that the processor will not determine that the humidification chamber is
effectively dry. In one embodiment, we have determined that the sampling period should be
about one minute, with temperature samples taken every second, such as starting no earlier
than when, or shortly after (such as about seven seconds after), the activation period begins
and during the activation period such that the sampling period ends no later than when, and
advantageously somewhat before, the activation period ends. In that regard, it is
advantageous to be sure the activation period will not stop before the end of the sampling
period. And while the activation period can also be substantially longer than the sampling
period, we have determined that if the activation period gets overly long, the heat input from
the hot plate may be insufficient to completely heat the gas passing through the
humidification chamber, and may also affect the ability of the processor to detect if the
humidification chamber is effectively dry.

[0013] To that end, and in accordance with the principles of a second aspect of the
invention, an optimum activation period of the hot plate heater cycle is selected and the
processor is adapted to adjust the power level to the hot plate heater element during an
activation period so as to increase or decrease the amount of time necessary to raise the gas
temperature from the low temperature threshold to the high temperature threshold based on
the duration of a prior activation period. The activation period may thus vary from heating
cycle to heating cycle in an effort to achieve an activation period that is at or sufficiently
close to the optimum activation period to provide a thermal response and base-line value that
can be relied upon to make the determination whether the humidification chamber is
effectively dry.

[0014] By way of example, an optimum activation period is selected at eighty five
seconds. With each heating cycle, the processor determines how long it takes to raise the
temperature of the gas from the low temperature threshold to the high temperature threshold,
which defines an activation period. If the duration of that activation period exceeds eighty

five seconds, the power level applied to the heater during the activation period of a
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subsequent heating cycle, such as the next heating cycle, will be increased in an effort to
reduce the time necessary to reach the high temperature threshold and thus drive the
activation period down toward the optimum activation period. If, however, the duration of
the activation period is less than eighty five seconds, the power level applied to the heater for
the subsequent heater cycle will be reduced in an effort to increase the time necessary to
reach the optimum activation period. In either case, the processor adjusts the power, such as
by varying the duty cycle of a triac used to switch the heater element on and off, by an
amount proportional to the difference between the prior activation period and the optimal
activation period, so that larger discrepancies result in larger power adjustments for the
subsequent activation period.

[0015] In one embodiment, a first activation period may begin with a predetermined
power level applied to the heater, such as 75 watts. As the activation period is monitored and
determined to depart from the optimum activation period, the power level for a subsequent
activation period is adjusted up or down in proportion or other relationship to the difference
from the optimum activation period.

[0016] In some situations, the higher temperature threshold may not be attained until long
after the desired optimum activation period. In such situations, if the duration of an
activation period extends beyond some multiple of the optimum activation period, such as 2.0
times the optimum activation period, the processor will automatically cause the power level
to the hot plate heater element to be increased by a fixed amount, such as 25 watts, and a new
activation period begun (along with making the determination whether the humidification
chamber is effectively dry as previously discussed). The power may be incremented again
each time if the duration of the activation period continues to exceed the multiple of the
optimum activation period until the maximum power level available is being supplied to the
heater element. If, at that maximum power level, the duration of the activation period still
exceeds the multiple, then the heater will be turned off to allow the hot plate to cool (until the
hot plate temperature drops by 8°C but not more than 20 seconds, by way of example). The
heater element is then turned on at full power, and the temperatures again taken over a
sampling period to, again, determine whether the humidification chamber is effectively dry.
[0017] If the maximum power level is being used, then turning off the heater element for
cooling using the same multiple of the optimum activation period might lead to less than
complete heating of the gas passing through the humidification chamber. Such situations
might occur if the air flow rate through the humidification chamber is very high, for example.

Once at the maximum power level, the time before the heater element is to be turned off for
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cooling may be increased for subsequent activation periods, such as by 5%. The increases
may be capped at a maximum, such as 160 seconds. However, once the duration of an
activation period falls below the optimum activation period, the power level will be decreased
in order to increase a subsequent activation period.

[0018] By virtue of the foregoing, there is thus provided by the second aspect of the
present invention, a method by which the heater element activation period in a heating cycle
of the hot plate may be maintained at, or sufficiently close to, a generally optimum time
period that the ability to determine if the humidification chamber is effectively dry is not
compromised.

[0019] In some situations, it may be helpful to know the air flow rate of the gas through
the humidification chamber such as for control or notification purposes. However, the
ventilator settings are unknown to the heater unit. The heater unit also typically lacks any
facility or structure to adjust or control the air speed or pressure through the humidification
chamber. A separate sensor could be provided to determine air flow rate, but that is
undesirable. We have made the surprising discovery that it is possible to approximate the
actual air flow rate from the temperature of the hot plate determined in predetermined
relationship to the beginning of an activation period. In that regard, we have determined that
the temperature of the hot plate, particularly during a cooling period between activation
periods, correlates to the flow rate of the gas through the humidification chamber.

[0020] More particularly, the higher the temperature at a particular point in the cooling
period, the higher the flow rate. Conversely, the lower the temperature at that particular
point, the lower the flow rate. To that end, and in accordance with a third aspect of the
present invention, the processor is adapted to determine, at least approximately, the air flow
rate based on the temperature of the hot plate taken between activation periods, and
advantageously, based on the last temperature sample taken before a new activation period
begins. In one embodiment, to conserve processor computational resources, a look-up table
is provided in the memory of the heater unit which correlates the temperature reading with a
flow rate based, for example, on empirical evidence developed for heater units having a
particular hot plate and full humidification chamber configuration (such as would apply to all
models of a particular heater unit and related, disposable humidification chambers).
Alternatively, for a given hot plate and humidification chamber configuration, it is
determined that there is a relationship, such as linear or proportional, between flow rate and
sample temperature, such that the processor may be programmed to compute at least an

approximation of the actual flow rate based thereon. While the foregoing may be
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advantageously adjusted based on the gas temperature set point, we have determined that for
heater units used with human patients, a sufficiently accurate indication of air flow rate is
obtained based on assuming that the set point is standard human body temperature, i.e., 98.6
°FF or 37 °C.

[0021] By virtue of the foregoing, there is thus provided with the third aspect of the
present invention, a simple and straightforward method and apparatus implemented in a
heater unit for estimating air flow rate of gas through a humidification chamber thermally
coupled to the heater unit.

[0022] The foregoing and other advantages and features of the invention will be apparent

in light of the accompanying drawings and detailed description thereof.

Brief Description of the Drawings

[0023] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate an embodiment of the invention and, together with the general
description of the invention given above and the detailed description of the embodiment
given below, serve to explain the principles of the present invention.

[0024] Fig. 1is a diagram of a respiratory humidifying system embodying principles of
the present invention;

[0025] Fig. 2 is a schematic diagram of the heater unit of Fig. 1;

[0026] Fig. 3 is a diagram showing various exemplary temperature samples and curves
related to operation of the heater unit of I'ig. 1 for purposes of explaining the principles of a
first aspect of the present invention; and

[0027]  Fig. 4 is a flow chart of a process to detect whether the humidification chamber of
the system of IMig. 1 is effectively dry based on the diagram of Fig. 3 in accordance with the

principles of the first aspect of the present invention.

Detailed Description of Drawings

[0028] Iiig. 1 illustrates an exemplary respiratory system 10 for supplying a heated and
humidified breathable gas as indicated by arrows 11 to a patient (not shown). The respiratory
system 10 includes a ventilator 12, a heating and humidifying system 14 having a heater unit
16 and a heatable container for water 18 such as a disposable humidification chamber 20, and
at least an inspiratory breathing circuit limb 22. The ventilator 12 drives breathable gas (as

indicated by arrows 23), such as oxygen, anesthetic gas and/or air, from a first gas supply
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conduit 24, which may be an expiratory limb of a breathing circuit or coupled to a source of
fresh gas (not shown), and expels it out through a gas conduit 26 and into humidification
chamber 20 such as at an air inlet 28 of the humidification chamber 20. Water 18 is received
in the humidification chamber 20, either by being poured in manually or automatically from a
water supply (not shown) such as a bag or bottle, and in the latter event, a float control
system (also not shown) may be included within the humidification chamber 20 to regulate
filling thereof. Heat and humidity are imparted to the gas 23 as it passes through the
humidification chamber 20 so that it is expelled as heated and humidified, or conditioned, gas
11 to the patient from the air outlet 30 of the humidification chamber 20 via the limb 22.
[0029] The heater unit 16 is adapted to removably receive the humidification chamber 20.
To that end, the heater unit 16 includes a hot plate 32 made of a thermally conductive
material, such as aluminum, aluminum coated with nickel, steel or any other suitable
conductive material. Similarly, the humidification chamber 20 has a main dome-shaped body
34 of plastic, and a bottom plate 36 also of thermally conductive material. The
humidification chamber 20 may be as shown in U.S. Patent No. 7,722,016, the disclosure of
which is incorporated herein by reference as if fully set forth herein. The humidification
chamber 20 is mounted to the heater unit 16 with their respective plates 32 and 36 in
confronting and contacting relationship so as to thermally couple the respective plates 32 and
36 such that heat applied to the hot plate 32 is coupled into the water 18 within the
humidification chamber 20 via the bottom plate 36. To provide the heat to the hot plate 32,
the heater unit 16 also includes a heater element 40 (which while shown as one such element,
may actually comprise a plurality of such elements) in thermal communication with the hot
plate 32. A temperature sensor 42, such as a thermocouple or the like, is also in thermal
communication with the hot plate 32 to provide plate temperature signals 44 corresponding to
the temperature of the hot plate 32. An example of a suitable configuration of the hot plate
32 and the related heater element(s) 40 and thermocouple 42 is shown in U.S. Patent
Publication No. 2009/0107980, the disclosure of which is also incorporated herein by
reference as if fully set forth herein. A temperature sensor in the form of a probe 46 provides,
via connector 47, gas temperature signals 48. The probe 46 may be coupled to the inspiratory
limb 22 at the connector 49 thereof coupled to the air outlet 30 of the humidification chamber
20 as shown in Fig. 1, or may be coupled to a remote end (not shown) of the limb 22, so as to
provide an indication of the temperature of the conditioned gas 11 either at the humidification

chamber 20 or at the patient, respectively.
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[0030] The heater unit 16 also includes a controller 50 which receives the plate
temperature signals 44 and the gas temperature signals 48, and utilizes those signals to
provide power signals 52 by which to selectively energize the heater element 40 to thereby
heat up the water 18 in the humidification chamber 20. The controller 50, or another
controller or processor (not shown), may also provide signals (not shown) by which to
selectively energize heater elements (not shown) associated with the inspiratory limb 22
and/or expiratory limb (such as the conduit 24). In any event, energization of the heater
element 40 causes the water 18 to heat up and/or to form water vapor 54 within the
humidification chamber 20. The gas 23 passing through the humidification chamber 20
becomes heated and humidified thereby before going on as conditioned gas 11 to the patient.
[0031] As seen in greater detail in Iig. 2, the controller 50 includes a processor 60, which
may be a microcontroller, a microprocessor, or other computer or programmable logic
device; at least first and second analog to digital (A/D) converters 62, 64; a power control
circuit such as a pulse width modulator or PWM 66; a power switch 68, such as a triac or the
like; a memory 70, which may include memory integrated with the processor 60; and a user
interface 72. The plate temperature signals 44 from the thermocouple 42 may be voltage
signals proportional to the temperature of the hot plate 32 which are converted into a digitally
readable form by the first A/D converter 62 and coupled via signal path 74 to the processor
60. In a similar manner, the gas temperature signals 48 from the probe 46 may be voltage
signals proportional to the temperature of the out-flowing stream of the breathable gas as it
exits the humidification chamber 20. Those voltage signals 48 are converted into a digitally
readable form by the second A/D converter 64 and coupled to the processor 60 such as over
signal path 76. Although shown as discrete A/D converters 62, 64, the respective functions
thereof may alternatively be integrated into the processor 60, in which case the voltage
signals 44 and 48 produced by the thermocouple 42 and the probe 46, respectively, may be
fed directly to the processor 60.

[0032] The user interface 72 may include a keypad, buttons, a dial, or other method for
entering data, such as a temperature set point at which the breathable, conditioned gas 11 is
desired to be delivered to the patient. The user interface 72 may also include one or more
displays to inform the operator of the operational status of the heater unit 16, such as current
temperature set point, breathable gas temperature, or any other operational parameter. The
user interface 72 communicates with the processor 60 over signal path 78. The memory 70
may store operating programs or algorithms and control data used by the processor 60, as

well as input data from the user interface 72, such as the temperature set point. The memory
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70 communicates with the processor 60 over signal path 80. As will be readily appreciated,
while the signal paths 74, 76, 78, and 80 are shown as being separate from each other, one or
more of them may be part of a common communication bus as is typical of microprocessor-
based devices.

[0033] The processor 60 utilizes the information from the memory 70 and/or the user
interface 72, along with the temperature signals 44 and 48 in order to control heating of the
hot plate 32. To that end, the processor 60 outputs a power signal 82 to the PWM 66 which,
in response thereto, selectively activates the power switch 68 in order to couple power to the
heater element 40 so as to raise the temperature of the hot plate 32. The power signal 82 may
be varied as will be described such that the duty cycle, i.e., the duration of the on time
relative to the off time, of the switch 68 will vary to thus increase or decrease the power or
energization level to the heater element 40. In the embodiment of the heater unit 16 shown,
when the switch 68 is closed, the heater element 40 is coupled to a suitable power supply
voltage, such as an alternating current (AC) voltage from a transformer 84 connected to AC
line voltage. When it is desired not to heat up the hot plate 32, the switch 68 is left open (or
the duty cycle is caused to be so low from the PWM 66 that, even though the heater element
40 is being minimally energized, it is at a level insufficient to effectively heat up the hot plate
32) such that the hot plate 32 will begin to cool down. The transformer 84 may also provide
power to a power supply 86, which may in turn provide one or more regulated direct current
(DC) voltage levels for use in powering various components of the system 14, including the
controller 50. Other taps (not shown) from the transformer 84 may be used to provide AC
voltage for heater elements, if present, in the limbs 22 and/or 24,

[0034] The memory 70 of the controller 50 may contain the operating program for the
processor 60 by which to regulate the temperature of the hot plate 32. By way of example, a
user of the system 10, such as a caregiver or medical provider, enters a desired temperature
set point for the conditioned gas 11 via the user interface 72. The temperature set point may
be stored in the memory 70 and utilized by the processor 60 to selectively cause the heater
element 40 to be turned on or off. The controller 60 may determine a low temperature
threshold and a high temperature threshold based on the temperature set point. For example,
the high temperature threshold may be 0.1° C above the temperature set point, and the low
temperature threshold may be 0.1° C below the temperature set point, giving the temperature
control system a hysteresis of 0.2° C, although other thresholds may be used as will be readily
appreciated. In any event, the gas temperature signals 48 are monitored, such as by being

sampled every second, by the processor 60. The sampled gas temperature data is utilized to
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turn on or energize the heater element 40 when the temperature of the breathable gas drops to
(or possibly below as compared to the last sample) the low temperature threshold and to turn
off (or de-energize) the heater element 40 when the temperature of the breathable gas reaches
(or possibly exceeds as compared to the last sample) the high temperature threshold. The
duration from the turn-on to the turn-off defines an activation period, whereas the duration
from the turn-off to the next turn-on defines a cooling period.

[0035] As the system 10 is being utilized, the humidity imparted to the breathable gas 23
passing through the humidification chamber 20 will tend to reduce the level of the water 18 in
the humidification chamber 20. Depending on the supply of the water 18 and other factors, it
is possible that the level of the water 18 in the humidification chamber 20 may become so
low as to result in the humidification chamber 20 being considered effectively dry such that it
is no longer considered possible to impart sufficient humidity to the breathable gas 23
supplied as conditioned gas 11 to the patient (not shown). To that end, and in accordance
with the principles of a first aspect of the present invention, a determination of whether the
humidification chamber 20 is effectively dry is accomplished by evaluating the thermal
response of the hot plate 32 based on monitoring the plate temperature signals 44 over a
period of time, such as a sampling period, including all or part of an activation period, so that
the determination can be made automatically by the heater unit 16 without the need for
manual monitoring or additional sensors or the like.

[0036] In particular, and with reference to Fig. 3, the thermal response of the hot plate 32
is determined based on samples taken over a sampling period starting at time tp and ending at
time t,. The starting time ty may be coincident with or shortly after the start of, an activation
period, i.e., not earlier than when the gas temperature has decreased to about the low
temperature threshold. And the ending time t, may be coincident with or somewhat before
the end of the activation period, i.e., not later than when the gas temperature has increased to
about the high temperature threshold. The thermal response will differ depending upon
whether there is a sufficient level of the water 18 in the humidification chamber 20 or if the
humidification chamber 20 is effectively dry. In one embodiment, the optimum duration of
an activation period is advantageously about 85 seconds, and the sampling period is about
sixty seconds starting about seven seconds after the activation period begins and ending about
18 seconds before the end of the activation period.

[0037] More specifically, if the humidification chamber 20 is effectively dry, the thermal
response over the sampling period would be expected to define a curve that approaches or is,

if plotted, a straight line between an initial temperature sample Tj; taken at or around time t,
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and a final temperature sample T, taken at or around time t,, as exemplified by the curve 100
of Fig. 3. In other words, the degree of the curve is minimal. However, with levels of the
water 18 in the humidification chamber 20 above a level at which the humidification chamber
20 would be considered effectively dry, the thermal response will vary over time such as by
defining an arc as exemplified by the curve 102 in Fig. 3. The curve 102 will move away or
"arc out" from curve 100 when the level of the water 18 is above a level that would be
considered effectively dry as exemplified by arrow 102A so as to increase the area 104
between curves 100 and 102 and present a substantial degree of curve. The degree of the
curve will quickly decrease, that is the arc of curve 102will quickly move toward, or tend to
flatten out to match, curve 100 as the level of the water 18 approaches or reaches a level that
would be considered effectively dry as exemplified by arrow 102B thereby decreasing the
area 104. Thus, except where the humidification chamber 20 is effectively dry, the thermal
response will define a curve that is arced such as curve 102, whereas when the humidification
chamber 20 is effectively dry, the thermal response will define a curve that is closer to a
straight line such as curve 100.

[0038] In accordance with the principles of this first aspect of the invention, a
temperature sample Ty is taken periodically, such as every second (as at ty) over the sampling
period to determine the thermal response of the hot plate 32. The thermal response defines a
curve and the processor 60 is adapted to evaluate the curve in order to perform a curve fitting
algorithm thereto to assess whether the degree of the curve is high enough to be consider
closer to an arced curve such as curve 102 or is so low that it is considered closer to a straight
line curve such as curve 100. If the processor 60 determines from the curve fitting algorithm
that the thermal response is sufficiently close to a straight line curve, a determination is made
that the humidification chamber 20 is effectively dry. Similarly, or alternatively, if the
processor 60 determines from the curve fitting algorithm that the thermal response is
sufficiently close to an arced curve, a determination is not made that the humidification
chamber 20 is effectively dry (or a determination being made that the humidification chamber
20 has a sufficient level of water 18 which, for purposes of the present invention, is the same
thing as not making a determination that the humidification chamber 20 is effectively dry).
[0039] A number of known "curve fit" methodologies may be employed to make the
determination. By way of example, an exponential curvefit may be conducted and the
resulting coefficients examined to measure a normalized slope of response (which correlates
to the degree of the curve). By way of further example, another curve fit methodology

utilizes shape estimation as used in image recognition.

-13 -



WO 2012/134631 PCT/US2012/024055

[0040] One advantageous methodology involves the processor accumulating the
differences between the sampled temperatures and a starting temperature over the sampling
period to generate a thermal response value. To that end, the thermal response ("TR")
represented by curve 102 is determined by accumulating the differences between the sampled
temperature Ty at each interval t, and the initial temperature T; at to until t, at which last
temperature sample Ty taken is considered as T,. The thermal response is thus represented by
the formula:

TR =3 (Tx-Ty) (forx =ito z)
The various values of Ty, and at least Tj, may be stored in the memory 70 and the other values
stored and/or used by the processor 60 on the fly to keep a running total for TR. Also, a base-
line value ("BL") represented by curve 100 is determined based on the temperature samples
T; and T, taken at or near the beginning and end of the activation period, respectively,
according to the formula:

BL =(T;-Ti) xn/2

Armed with the values for TR and BL,, the processor 60 can compare them to determine if
they exceed a threshold corresponding to a pre-selected differential between curves 100 and
102 below which (or at or below which in some embodiments) the humidification chamber
20 is determined to be effectively dry. For example, in the embodiment shown here, the
threshold is 1.1, such that the ratio of TR:BL. is taken and compared against the value of 1.1.
If the ratio exceeds the threshold, then the humidification chamber 20 is expected to have a
high enough level of water 18 therein as not to be considered effectively dry. The processor
60 may make the determination that the humidification chamber 20 is not effectively dry, i.e.,
that there is an acceptable level of water 18 in the humidification chamber 20. If, however,
the ratio does not exceed (i.e., is at or below) the threshold, then a determination is made that
the humidification chamber 20 is effectively dry and appropriate action may be taken, such as
initiating an alarm at the user interface 72 (or by sending an alarm signal over a network if
heater unit 16 is equipped for such communication).
[0041] An exemplary method in accordance with the first aspect of the present invention
will be described with further reference to Ilig. 4. In particular, the respiratory system 10 is
running and a water level process 110 is initiated at step 112, coincident with or shortly after
the controller 50 initiates an activation period. At step 112, the thermal response value (TR)
may be reset to zero. At step 114, the controller 50 obtains a sample of the plate temperature
44 from the temperature sensor 42 at or near to, and stores the sample in memory 70 as the

initial temperature sample Ti. The sample T; might be taken in conjunction with time ty, or
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might be the last sample taken before that time or the very first after that time, depending
upon the timing of the samples by the processor 60. At step 116, the controller 60 waits for
one iteration, such as one second, and then determines if the sampling period has ended at
step 118. If not, then another plate temperature 44 is obtained at time ty as temperature
sample Ty at step 120, and the initial temperature sample value (T;) is subtracted from the
current temperature sample Ty and the result accumulated as a running total for TR at step
122 with the process returning to step 116. Steps 116, 118, 120, and 122 may be repeated
until the end of the sampling period is reached as determined at a step 118, in which case the
process proceeds to step 124 to compute BL, and determine the ratio of TR:BL, such as by
dividing TR by BL based on the last temperature sample T, obtained up to or at the end t, of
the sampling period (or immediately thereafter in another embodiment).

[0042] The controller 50 then compares the ratio to a threshold at step 126. Where the
ratio is greater than the threshold, that correlates to the area between the curve 102 and curve
100 being sufficiently large that it can be assumed that the humidification chamber 20 is not
effectively dry. In that regard, the process goes on to step 128 whereat no determination is
made that the humidification chamber 20 is effectively dry and instead the process ends to
await the next activation period. Although not shown, a determination can be made at step
128 that the humidification chamber 20 has an acceptable level of water 18 therein. If at step
126 the ratio is not greater than the threshold (i.e., the ratio is less than or equal to the
threshold), that is an indication that the curve 102 has moved sufficiently close to or has
aligned with curve 100 such that the humidification chamber 20 can be considered to be
effectively dry. Thus, at step 130, the controller 50 makes a determination that the
humidification chamber 20 has effectively run dry and appropriate action may be taken
(examples of which might be causing an audible and/or visual alarm at the user interface 72
so as to alert a caregiver (not shown) that the heater unit 16 requires attention), after which
the process ends as at step 128 to await the next activation period.

[0043] Although shown as involving a sampling period during an activation period to
determine whether the humidification chamber 20 is effectively dry during heating, the
process described herein could be applied to a sampling period during a cooling period in
accordance with the principles of this first aspect of the invention by evaluating the thermal
response of the hot plate 32 as it cools down. In that regard, the thermal response has an
arced behavior relative to a straight line defined between samples at respective ends of the
sampling period during the cooling period which can be evaluated in generally the same

manner as described above.
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[0044] As will be appreciated, the foregoing utilizes a thermostatic type of control
algorithm by which the heater element 40 is turned on or energized at the beginning of the
activation period based on the gas temperature 48 falling to about the low temperature
threshold and turned off at the end of the activation period based on the gas temperature
rising to about the high temperature threshold, and with an activation period that is at least
long enough to encompass the duration. In accordance with the principles of a second aspect
of the invention, to reliably determine whether the humidification chamber 20 is effectively
dry, it is desirable to maintain an activation period that is at or close to an optimum time
period, such as eighty five seconds in the case of the hot plate 32 and the humidification
chamber 20.

[0045] To seek to maintain that optimum activation period, controller 50 is adapted to
vary the level of heating of hot plate 32 for an activation period by adjusting the power level
to heater element 40 based on the duration of a prior activation period, such as the
immediately preceding activation period. To that end, and in accordance with the principles
of this second aspect of the present invention, the duration of any first (meaning first in time
in relation to a later activation period and not necessarily the first in operation) activation
period (tq;) is determined, such as by subtracting the start time from the end time thereof. If
the value of t4; obtained exceeds the optimum activation period, then in a subsequent
activation period (referred to as a second activation period in that it occurs sometime after the
end of the first activation period and might be after one or more intervening cooling periods
of time and/or activation periods), the power level to heater element 40 is to be increased so
as to attempt to shorten tq; in that subsequent activation period. Similarly, if the value of ty;
obtained is less than the optimum activation period, then for a second activation period, the
power level to heater element 40 is to be decreased so as to attempt to increase tq; in that
second activation period. In either case, the processor 60 adjusts the power level to the heater
element 40 by issuing a power signal 82 to PWM 66 which causes the duty cycle of closing
of the power switch 68 to increase or decrease as appropriate. By way of example, where the
power level is to be equal to some percentage of the maximum power level (such as where
the switch is to be effectively closed at all times during an activation period), the power
signal 82 may cause the switch to be effectively closed for that same percentage of each
second during the activation period. Other duty cycles arrangements will be readily apparent
to those skilled in the art.

[0046] The power signal 82 may advantageously be initially set to cause a predetermined

power level to be supplied to the heater element 40, such as 75 watts. The power signal 82
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may then be adjusted in proportion to the magnitude difference between t4; and the optimum
activation period such that the larger the magnitude, the greater the increase or decrease in
duty cycle. By way of example, the duty cycle may be changed sufficiently to increase or
decrease the power level to the heater element 40 in proportion to the departure between the
previous activation period and the optimum activation period. By way of further example,
the new power signal 82 for a subsequent activation period (PSy.w) may be calculated by the
following formula:

PSnew = (PSorp x (0.7 + (0.3 X Dpyior)/Dopr)
where PSorp = the old power signal 82 for the prior activation period; Dpo, = the duration of
the prior activation period; and Doy = the optimum activation period.
[0047] In some situations, the higher temperature threshold may not be attained until long
after the desired optimum activation period, if at all. To that end, if the duration of the
present (i.e., the first) activation period extends beyond some multiple of the optimum
activation period ("extended period"), such as 2.0 times the optimum activation period, the
processor 60 will automatically increment the power level to the heater element 40 by a fixed
amount, such as 25 watts or, alternatively, by a multiple such as 1.2 times the current power
level. A new, i.e., a second, activation period will be deemed to have been started with the
new power level implemented in order to bring the duration of the activation period toward,
and advantageously within range of, the optimum activation period. Also, a new sampling
period may be started so as to again determine whether the humidification chamber 20 is
effectively dry. If the activation period at this higher power level is within the extended
period, then operation will continue as previously described. However, if the activation
period is still not within the extended period, the processor 60 will again automatically
increment the power level to the heater element 40 and the foregoing repeated until the
maximum power level available is supplied to the heater element 40. If, at that maximum
power level, the duration of the activation period still exceeds the extended period, then the
heater element 40 will be turned off to allow the hot plate 32 to cool ("cool down period").
The cool down period may be for a fixed period of time or for a fixed drop in temperature or
a combination thereof such as until the hot plate temperature drops by 8°C or for twenty
seconds, whichever first occurs. The heater element 40 is then turned on at full power (i.e., it
is full-on) to start another, second activation period and for taking of temperature samples
over a sampling period to again determine whether the humidification chamber 20 is

effectively dry.
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[0048] If the maximum power level is being used, another cool down period may be
initiated at a time equal to the extended period if the activation period has not ended by then.
In that case, thereafter using the same extended period to determine when to initiate a cool
down period might lead to less than complete heating of the gas 23 passing through the
humidification chamber 20. Such situations might occur, for example, if the air flow rate
through the humidification chamber 20 is very high, although other situations might create
that same condition. To that end, after a cool down period following an activation period
during which the heater element 40 was powered full-on, the processor 60 will use an
increased extended period, such as an extended period that has been extended by 5%. The
processor 60 will continue to increase the extended period, such as by 5%, for a subsequent
second activation period after a prior, first activation period which does not end before the
currently increased extended period. The extended period may be increased up to a cap, such
as 160 seconds. However, once the duration of an activation period falls below the optimum
activation period, the power level will be decreased in order to increase a subsequent
activation period as previously described.

[0049] With the foregoing, it is thus possible to adjust the duration of activation periods
to be at or sufficiently close to an optimum activation period so as not to compromise the
ability of the processor 60 to determine if the humidification chamber 20 is effectively dry. It
will be appreciated, however, that depending upon the dynamics of the particular system
involved, it may not be necessary to adjust the duration of an activation period or the
sampling period in order to determine if the humidification chamber 20 is effectively dry.
Similarly, the advantages of some or all features of this second aspect of the invention may
be employed for reasons other than, and without regard to a system that involves,
determination of whether the humidification chamber is effectively dry.

[0050] In addition to the foregoing, it may be helpful to know the air flow rate of the gas
23 through the humidification chamber 20, such as for control or notification purposes. In
accordance with a third aspect of the present invention, we have made the surprising
discovery that it is possible to approximate the actual, average air flow rate from the
temperature of the hot plate 32, without the need for added sensors or complex computations.
In that regard, it has been determined that for a given temperature set point, the average air
flow rate can be empirically determined based on single temperature sample of the hot plate
32 taken at a relatively fixed point in the heating cycle having a predetermined relationship to
the start of an activation period. Advantageously, the temperature sample is taken during the

cooling period. By way of example, in the embodiment shown here, the temperature sample
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used is the last plate temperature sample taken during the cooling cycle just prior to the
beginning of the next or second activation period (referred to for sake of reference as T.). In
an exemplary embodiment, we have determined that the air flow rate (A) can be
approximated by multiplying the plate temperature 44 taken at the last sample (T,) just
before, or coincident with the start of the activation period by a constant related to the set
point temperature (a[Tc]), and offset by a second constant related to the set point temperature
(b[Teh]), as exemplified by the following formula:

A = a[Ten] x Tc + b[Ten]
In an exemplary embodiment, for a temperature set point equal to the standard human body
temperature (i.e., .98.6 °F or 37 °C), a[T] is determined to be 1.61 and b[T] is determined
to be -73.52. Processor 60 may be adapted to compute the air flow rate using the above
formula using the last sampled temperature from thermocouple 42 before the beginning of the
activation period. Alternatively, to reduce the load on the processor 60, a look-up table (not
shown) may be loaded into memory 70 containing air flow rate numbers for a range of
temperature readings, and the last sampled temperature used as the look-up basis to obtain the
air flow rate number from the look-up table.
[0051] As the standard human body temperature is typical for set points in respiratory
systems, the foregoing will be sufficient to provide the air flow rate for system 10 which is
described here as in the case of use with a human patient. Where other set points are to be
used, the constants and/or the values in the look-up table may be different. On the other
hand, it may be sufficient, irrespective of the set point, to use the above-described formula
and/or look up table as it is considered typical that the set point for system 10 will not vary
sufficiently from the standard human body temperature to induce more than an acceptable
amount of error, say less than about 20%, between the actual air flow rate, and the estimated
air flow rate using the principles explained above. In any event, there is thus provided a
simple method by which the heater unit 16 may be adapted to estimate the air flow rate of the
gas 23.
[0052] Once the air flow rate estimate is obtained, it may be used by processor 60 for a
number of functions. By way of example, the air flow rate could be displayed on the user
interface 72. The caregiver (not shown) may use that information as a check on the system
10. Alternatively, or additionally, a notification could be given to the caregiver, such as an
alarm from the user interface 72, if the air flow rate suddenly changes from a prior estimate to
a present estimate. The air flow rate could also be used by the controller 50 to facilitate

management of the heater element 40 such as for adjusting the PID coefficients in a closed
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loop heating and humidification control system as exemplified by the aforementioned U.S.
Patent Publication No. 2009/0110379. Alternatively or additionally, the air flow rate could
be used to adjust one or more of the PID coefficients utilized by the processor 60 or another
processor (not shown) to control the heater elements (not shown) which may be associated
the inspiratory and/or expiratory limbs of the breathing circuit (also not shown), to adjust the
power levels applied to heater elements, if present, in the breathing circuit such as to facilitate
reduction in rain out therein.

[0053] In use, the humidification chamber 20 is mounted to the heater unit 16, and heater
unit 16 operates to conduct heating cycles aimed at outputting heated and humidified
breathable gas 11 at a desired gas temperature set point. The processor 60 of the controller
50 monitors the temperature of the hot plate 32 during an activation period of the heating
cycle to determine if level of the water 18 in the humidification chamber 20 is considered
acceptable or if, instead, there is either no water 18 left in the humidification chamber 20 or
there is so little of the water 18 left in the humidification chamber 20 that effective
humidification is not likely, as exemplified by the curve 102 having nearly or actually
approached the curve 100. In those situations, the humidification chamber 20 is determined
to be effectively dry by the processor 60. Further, the power level to the heater element 40
will be varied so as to attempt to maintain an activation period that is close to or at an
optimum activation period. Also, the air flow rate of the gas 23 through the humidification
chamber 20 is approximated by the processor 60. The foregoing is all accomplished using
the thermocouple 42 and the probe 46 as are typically included with a heater unit 16 in
operation, so as not to require additional sensors and the complications created thereby.
[0054] While the invention has been illustrated by the description of one or more
embodiments thereof, and while the embodiments have been described in considerable detail,
they are not intended to restrict or in any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will readily appear to those skilled in the art.
For example, temperature sample times and optimum activation period may be varied in
alternative embodiments of the invention. The various temperature samples could also be
averaged or otherwise processed to reduce noise or improve the accuracy of the
determination of whether the humidification chamber 20 is effectively dry and/or the air flow
rate. Measurements may also be used to update look-up table values or other system
parameters so that the system adapts to conditions specific to its particular environment.
Also, while ventilator 12 is shown as driving the gas 23 to and through humidification

chamber 20 , it will be appreciated that other gas systems could be employed, such as from a
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hospital oxygen supply, a CPAP or BiPAP pump, or other air or oxygen pumping system.
Moreover, the various temperatures may be monitored and heater unit 16 shut down and/or
an alarm set off if any of the temperature readings exceeds a maximum level, or if the
differential between the set point temperature and the gas temperature becomes too great.
Yet further, while humidification chamber 20 is shown as using water 18 as the liquid to
humidify the gas 23, it will be appreciated that other liquids could be used depending upon
the circumstances. In that same regard, while the heater unit 16 has been described in the
context of the system 10 for use with breathable gas 11 in a respiratory system, the principles
of the various aspects of the present invention may be individually and/or collectively applied
to other heater units adapted to provide heat into a chamber of liquid for heating and
humidifying a gas passed through the chamber. The invention in its broader aspects is
therefore not limited to the specific details, representative apparatus and methods and
illustrative examples shown and described. Accordingly, departures may be made from such
details without departing from the scope or spirit of Applicants' general inventive concept.

Having described the invention, what is claimed is:
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CLAIMS

1. A heater unit (16) to which a humidification chamber (20) is to be thermally coupled, said
humidification chamber (20) adapted to hold liquid (18) and to impart heat and humidity to a
gas (23) passing through said humidification chamber (20), the heater unit (16) comprising a
hot plate (32) thermally coupleable to said humidification chamber (20); a heater element
(40) thermally coupled to the hot plate (32); a temperature sensor (42) thermally coupled to
the hot plate (32) providing plate temperature signals (44); and a processor (60) receiving the
plate temperature signals (44) and determining therefrom a thermal response of the hot plate
(32) over a period of time, the processor (60) further determining based on the thermal
response of the hot plate (32) if said humidification chamber (20) thermally coupled to the
hot plate (32) is effectively dry.

2. A heater unit (16) to which a humidification chamber (20) is to be thermally coupled, said
humidification chamber (20) adapted to hold liquid (18) and to impart heat and humidity to a
gas (23) passing through said humidification chamber (20), the heater unit (16) comprising a
hot plate (32) thermally coupleable to said humidification chamber (20); a heater element
(40) thermally coupled to the hot plate (32); and a processor (60) selectively energizing the
heater element (40) to begin an activation period when the temperature of conditioned gas
(11) from said humidification chamber (20) decreases to about a low temperature threshold
and de-energizing the heater element (40) to end an activation period when the temperature of
conditioned gas (11) from said humidification chamber (20) increases to about a high
temperature threshold, the thresholds correlated to a gas temperature set point, the processor
(60) determining a duration of a first activation period and, if the duration departs from an
optimum activation period, adjusting the energization level of the heater element (40) for a
subsequent activation period in relation to the duration whereby to change a duration of the

subsequent activation period toward the optimum activation period.

3. A heater unit (16) to which a humidification chamber (20) is to be thermally coupled, said
humidification chamber (20) adapted to hold liquid (18) and to impart heat and humidity to a
gas (23) passing through said humidification chamber (20), the heater unit (16) comprising a
hot plate (32) thermally coupleable to said humidification chamber (20); a heater element
(40) thermally coupled to the hot plate (32); a temperature sensor (42) thermally coupled to
the hot plate (32) providing plate temperature signals (44); and a processor (60) receiving the

plate temperature signals and selectively energizing the heater element (40) when the

-22 -



WO 2012/134631 PCT/US2012/024055

temperature of conditioned gas (11) from said humidification chamber (20) decreases to a
low temperature threshold to begin an activation period and selectively de-energizing the
heater element (40) when the temperature of conditioned gas (11) from said humidification
chamber (20) increases to about a high temperature threshold to begin a cooling period, the
thresholds correlated to a gas temperature set point, the processor (60) further determining an
air flow rate of gas through said humidification chamber (20) based on one of the plate
temperature signals (44) received in predetermined relationship to the beginning of an

activation period.

4. A heater unit (16) as claimed in claim 1, the processor (60) determining if said
humidification chamber (20) is effectively dry by determining a curve of the thermal
response and determining whether the humidification chamber (20) is effectively dry based

on the degree of the curve.

5. A heater unit (16) as claimed in claim 1, the processor (60) determining if said
humidification chamber (20) is effectively dry by determining the thermal response of the hot
plate (32) by accumulating the difference in the plate temperature signals (44) at a plurality of
samples over the period of time relative to a first plate temperature signal (44) at or near the
beginning of the period of time; determining a base-line value by correlating the difference
between the plate temperature signals (44) at or near the beginning and the end of the period

of time; and comparing the thermal response to the base-line value.

6. A heater unit (16) as claimed in claim 5, the processor (60) determining if said
humidification chamber (20) is effectively dry if the comparison between the thermal

response and the base-line value does not exceed a threshold value.

7. A heater unit (16) as claimed in claim 5, the processor (60) not determining if said
humidification chamber (20) is effectively dry if the comparison between the thermal

response and the base-line value exceeds a threshold value.

8. A heater unit (16) as claimed in any of claims 1 and 4 through 7 wherein the period of
time defines a sample period within an activation period during which the heater element (40)

is energized.

9. A heater unit (16) as claimed in claim 8, the processor (60) further selectively energizing

the heater to begin an activation period when the temperature of conditioned gas (11) from
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said humidification chamber (20) decreases to about a low temperature threshold and
selectively de-energizing the heater element (40) to end the activation period when the
temperature of the conditioned gas (11) increases to about a high temperature threshold, the

thresholds correlated to a gas temperature set point.

10. A heater unit (16) as claimed in claim 10, the processor (60) determining a duration of a
first activation period and, if the duration departs from an optimum activation period,
adjusting the energization level of the heater element (40) for a subsequent activation period
in relation to the duration whereby to change a duration of the subsequent activation period

toward the optimum activation period.

11. A heater unit (16) as claimed in 2 or claim 10, the processor (60) increasing the
energization level if the duration of the first activation period exceeds the optimum activation
period and decreasing the energization level if the duration of the first activation period is

less than the optimum activation period.

12. A heater unit (16) as claimed in claim 2 or claim 10, the processor (60) adjusting the
energization level proportional to the difference between the duration of the first activation

period and the optimum activation period.

13. A heater unit (16) as claimed in claim 2 or claim 9, the processor (60) increasing an
energization level of the heater element (40) if the activation period exceeds a multiple of an

optimum activation period.

14. A heater unit (16) as claimed in claim 9, the processor (60) further selectively
de-energizing the heater element (40) during a cooling period subsequent to a first activation
period during which the gas temperature of conditioned gas (11) from said humidification
chamber (20) decreases toward the low temperature threshold and selectively re-energizing
the heater element (40) for a second activation period, processor (60) further determining an
air flow rate of gas through said humidification chamber (20) based on one of the plate
temperature signals (44) received in predetermined relationship to the beginning of the

second activation period.

15. A heater unit (16) as claimed in claim 2, or any of claims 11 through 13 when dependent
on claim 2, further comprising a temperature sensor (42) thermally coupled to the hot plate

(32) providing plate temperature signals (44), the processor (60) receiving the plate
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temperature signals (44) and determining an air flow rate of gas through said humidification
chamber (20) based on one of the plate temperature signals (44) received in predetermined

relationship to the beginning of an activation period.

16. A heater unit (16) as claimed in claim 3, the processor (60) determining an air flow rate
of gas through said humidification chamber (20) based on one of the plate temperature

signals (44) received in the cooling period.

17. A heater unit (16) as claimed in claim 3, the processor (60) determining an air flow rate
of gas through said humidification chamber (20) based on the plate temperature signal (44)
last received during the cooling period before the beginning of a subsequent activation

period.

18. A heater unit (16) as claimed in any preceding claim in combination with a
humidification chamber (20), the humidification chamber (20) having a plastic dome-shaped
body (34) and a bottom plate (36), the bottom plate (36) being in thermal communication
with the hot plate (32), the humidification chamber (20) adapted to hold liquid (18) and to
impart heat and humidity to a gas (23) passing therethrough.

19. A method of determining if a humidification chamber (20) thermally coupled to a hot
plate (32) of a heater unit (16) is effectively dry, the humidification chamber (20) adapted to
impart heat and humidity to a gas (23) passing therethrough, the method comprising applying
heat to the hot plate (32) for a first activation period to increase gas temperature of the gas
(23) to which heat and humidity are being imparted; determining a thermal response of the
hot plate (32) from temperature samples taken of the hot plate (32) for a period of time during
the first activation period; and determining, based on the thermal response, if the

humidification chamber (20) is effectively dry.

20. A method as claimed in claim 19 further comprising determining a curve of the thermal
response and determining whether the humidification chamber (20) is effectively dry based

on the degree of the curve.

21. A method as claimed in claim 19, wherein determining the thermal response includes
accumulating the difference in a plurality of the temperature samples over the period of time
relative to a first temperature sample at or near the beginning of the period of time, the

method further comprising determining a base-line value by correlating the difference
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between temperature samples taken at or near the beginning and the end of the period of time,
and wherein determining if the humidification chamber (20) is effectively dry includes

comparing the thermal response to the base-line value.

22. A method as claimed in claim 21, wherein the determination that the humidification
chamber (20) is effectively dry is made if the comparison between the thermal response and

the base-line value does not exceed a threshold value.

23. A method as claimed in claim 21, wherein the determination that the humidification
chamber (20) is effectively dry is made if the comparison between the thermal response and

the base-line value is below a threshold value.

24. A method as claimed in any of claims 19 through 23 further comprising monitoring the
gas temperature and starting the first activation period when the gas temperature decreases to
about a low temperature threshold and ending the first activation period when the gas

temperature increases to about a high temperature threshold.

25. A method as claimed in claim 24, the period of time starting after the first activation

period starts and ending before the first activation period ends.

26. A method as claimed in claim 24, wherein applying heat includes applying a power level
to a heater element (40) thermally coupled to the hot plate (32) for the first activation period,
the method further comprising applying heat to the hot plate (32) for a second, subsequent
activation period after the gas temperature has again decreased to about the low temperature
threshold, determining a duration of the first activation period, and if the duration of the first
activation period departs from an optimum period adjusting the power level to the heater
element (40) for the second activation period in relation to the duration whereby to change a

duration of the second activation period toward the optimum period.

27. A method as claimed in claim 26, the power level applied to the heater element (40) for
the second activation period being increased if the duration of the first activation period
exceeds the optimum period and being decreased if the duration of the first activation period

is less than the optimum period.
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28. A method as claimed in claim 26, the power level applied to the heater element (40) for
the second activation period being adjusted proportional to the difference between the

duration of the first activation period and the optimum period.

29. A method as claimed in any of claims 24 through 28, the method further comprising
increasing an energization level of a heater element (40) thermally coupled to the hot plate

(32) if the duration of the first activation period exceeds a multiple of an optimum period.

30. A method as claimed in any of claims 19 through 29 further comprising not applying

heat to the hot plate (32) for a cooling period after the first activation period to decrease gas
temperature toward a low temperature threshold, re-applying heat to the hot plate (32) for a
second activation period, and determining an air flow rate of the gas based on a temperature
of the hot plate (32) in predetermined relationship to the beginning of the second activation

period.

31. A method of controlling a period of heating of a humidification chamber (20) thermally
coupled to a hot plate (32) of a heater unit (16), the humidification chamber (20) adapted to
impart heat and humidity to a gas (23) passing therethrough, the method comprising applying
heat to the hot plate (32) for a first activation period to increase gas temperature of the gas
(23) to which heat and humidity are being imparted, the heat being applied by applying a
power level to a heater element (40) thermally coupled to the hot plate (32); applying heat to
the hot plate (32) for a subsequent, second activation period; determining a duration of the
first activation period , and if the duration of the first activation period departs from an
optimum period adjusting the power level to the heater element (40) for the second activation
period in relation to the duration of the first activation period whereby to change a duration of

the second activation period toward the optimum period.

32. A method as claimed in claim 31 further comprising increasing the power level for the
second activation period if the duration of the first activation period exceeds the optimum
period and decreasing the power level for the second activation period if the duration of the

first activation period is less than the optimum period.

33. A method as claimed in claim 32 further comprising adjusting the power level for the
second activation period proportional to the difference between the duration of the first

activation period and the optimum period.
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34. A method as claimed in claim 32 further comprising increasing the power level if the

duration of the first activation period exceeds a multiple of the optimum period.

35. A method as claimed in any of claims 32 through 34 further comprising determining an
air flow rate of the gas based on a temperature sample taken of the hot plate (32) in

predetermined relationship to the beginning of the second activation period.

36. A method as claimed in claim 36 further comprising allowing the gas temperature to
decrease during a cooling period between the first and second activation periods and
determining an air flow rate of the gas based on a temperature sample taken of the hot plate
(32) during the cooling period in predetermined relationship to the beginning of the second

activation period.

37. A method of determining air flow rate of a gas passing through a humidification chamber
(20) thermally coupled to a hot plate (32) of a heater unit (16), the humidification chamber
(20) adapted to impart heat and humidity to the gas (23) passing therethrough, the method
comprising applying heat to the hot plate (32) for a first activation period to increase gas
temperature of the gas to which heat and humidity are being imparted; applying heat to the
hot plate (32) for a second activation period; obtaining a temperature sample of the hot plate
(32) in predetermined relationship to the beginning of the second activation period; and

determining an air flow rate of the gas based on the temperature sample.

38. A method as claimed in claim 37 further comprising allowing the gas temperature to cool
during a cooling period between the first and second activation periods, and wherein the

temperature sample is obtained during the cooling period.

39. A method as claimed in claim 37, wherein the temperature sample is obtained as the last

sample before the second activation period.
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