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(57) Abstract: A breathing assistance system for delivering a stream of heated, humidified gases to a user, comprising a humidifi-
er unit which holds and heats a volume of water, and which in use receives a flow of gases from a gases source via an inlet port,
the flow of gases passing through the humidifier and exiting via an exit port, the system further having a temperature sensor which
measures the temperature of the gases exiting the humidifier unit, an ambient temperature sensor which measures the temperature
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CONTROL OF HUMIDIFIER CHAMBER TEMPERATURE FOR ACCURATE
HUMIDITY CONTROL
FIELD OF THE INVENTION

This invention relates to methods and apparatus for. controlling the humidity level and
flow rate of gases in a de;rice that provides a stream of heated, humidified gases to a user for
therapeutic purposes. This invention particularly relates‘ to methods and apparatus for
controlling the humidity of a gases stream in devices that provide humidified air for: respiratory
humidification therapy, high-flow oxygen therapy, CPAP therapy, Bi-PAP therapy, OPAP

therapy, etc, or humidification of gases used for insufflation or keyhole surgery.
BACKGROUND

Devices or systems for providing a humidified gases flow to a patient for therapeutic

purposes are well known in the art. Systems for providing therapy of this type (for example

_respiratory humidification) have a structure where gases are delivered to a humidifier chamber

from a gases source. As the gases pass over the hot water, or through the heated, humidified air
in the humidifier chamber, they become saturated with water vapour. The heated humidified
gases ate then delivered to a user or patient downstream from the humidifier chamber, via a gases
conduit and a user interface. The gases delivery system can be a modular system that has been
assembled from separate units, with the gases source being an assisted breathing unit or blower
unit. That is, the humidifier chamber/heater and the blower unit are separate (modular) items.
The modules are in use connected in series via connection conduits to allow gases to pass from
the blower unit to the humidifier unit. Alternatively, the breathing assistance apparatus can be an
integrated system, where the blower unit and the humidifier unit are contained within the same
housing in use. In both modular and integrated systems, the gases provided by the blower unit
are genefally sourced from the surrounding atmosphere. A third general form of breathing
assistance system, which is typically used in hospitals, is one where the breathing assistance
system receives at least a portion of the gases which it uses from a central gases source, typically
external to the area of use (e.g. a hospital room). A gases conduit or similar is connected between
an inlet which is mounted e.g. in the wall of a patients room (or similar). The gases conduit is
either connected directly to the humidifier chamber in use, or a step-down control unit or similar
can be connected in series between the gases inlet and the humidifier chamber if required. This
type of breathing assistance system is generally used where a patient or user may require oxygen

therapy, with the oxygen supplied from the central gases source. It is common for the pure

. oxygen from the gases source to be blended with atmospheric air before delivery to the patient ot
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uset, for example by using a venturi located in the step-down control unit. In systems of the type
where at least some of the gases are delivered from a central soutce, there is no need for a
separate flow generator or blower — the gases are delivered from the inlet under pressure, with

the step down control unit altering the pressure and flow to the required level.

An example of a known, prior art, type of modular system using atmospheric gases only

1s shown 1n Figure 1.

In typical integrated and modular systems, the atrﬁospheric gases are sucked in or
otherwise enter a main ‘blower’ or assisted breathing unit, which provides a gases flow at it’s
outlet. The blower unit and the humidifier unit-are mated with or otherwise rigidly connected to
the blower unit. For example, the humidifier unit is mated to the blower unit by a slide-on or
push connection, which ensures that the humidifier unit is rigidly connected to and held firmly in
place on the main blower unit. An example of a system of this type is the Fisher and Paykel
Healthcare ‘slide-on’ water chamber system shown and described in US 7,111,624. A variation of
this design is a slide-on or clip-on design where the chamber is enclosed inside abportion of the

integrated unit in use. An example of this type of design is described in WO 2004/112873.

One of the problems that has been encountered with systems that provide a flow of
heated, humidified gases to a patient via a gases conduit and an interface is that of adequately
controlling the characteristics of the gas. Clearly, it 1s desirable to deliver the gas to the patient
(i.e. as it exits the user interface) with the gas at precisely the right temperature', humidity, flow,
and oxygen fraction (if the patient is undergoing oxygen therapy) to provide the required therapy.
A therapy regime can become ineffective if the gases are not delivered to the patient with the
correct or required characteristics. Often, the most desirable situation is to deliver gases that are
fully saturated with water vapour (L.e. at substantially 100% relative humidity) to a user, at a
constant flow rate. Other types or variations of therapy regime may call for less than 100%
relative humidity. Breathing circuits are not steady-state systems, and it is difficult to ensure the
gases are delivered to a user with substantially the correct characteristics. It can be difficult to
achieve this result over a range of ambient temperatures, ambient humidity levels, and a range of
gas flows at the point of delivery. The temperature, flow rate and hurnidity of a gases stream are
all interdependent characteristics. When one characteristic changes, the others will also change.
A number of external variables can affect the gases within a breathing circuit and make it difficult
to deliver the gases to the user at substantially the right temperature, flow rate and humidity. As
one example, the delivery conduit between the patient or user and the humidifier outlet 1s

exposed to ambient atmospheric conditions, and cooling of the heated, humidified gases within
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the conduit can occur as the gas travels along the conduit between the exit port of the humidifier
chamber and the user interface. This cooling can lead to ‘rain-out’ within the conduit (that is,
condensate forming on the inner surface of the conduit). Rain-out is extremely undesirable for

reasons that are explained in detail in WO 01/13981.

In order to. assist in achieving delivery of the gases stream with the gases having the
desired characteristics, prior art systems have used sensors (e.g. temperature and humidity
sensors) located at various positions throughout the breathing circuit. Thermistors are generally
used as tempe_raturé sensors, as these are reliable and inexpensive. Humidity sensors such as the
one described in US6,895,803 are suitable for use with systems that deliver heated humidified

gases to a user for therapeutic purposes.

In order to achieve delivery of the gases to the patient at the correct temperature and
humidity, it is necessary either to measure or sense the gases characteristics at the point of
delivery, or to calculate or estimate the gases characteristics at the point of delivery from
measurements taken from elsewhere in the system. In order to directly measure the gases
parameters at the point of delivery, sensors must be located at or close to the point of delivery —
either at the end of the patient conduit or within the interface. Sensors located at or close to the
point of gases delivery will give the most accurate indication of the gases state. However, one
consideration when designing a breathing circuit is to ensure that the components used in the
breathing circuit can be repeatedly connected and disconnected to and from each other, with
high reliability. Another consideration is to keep the weight carried by the patient in use to a
minimum, and therefore it is desirable to keep the number of sensors at the patient end of the
conduit to a minimum, ot remove the need for these altogether. It is also desirable to keep the
total number of sensors in the system to a minimum, in order to reduce costs and complexity

(e.g. an increased number of electrical and pneumatic connections).

In order to overcome or sidestep the problem or trade-off of accurate measurement of
the gases characteristics vs complexity vs cost vs weight carried by the patient vs reliability,
sensors can be located at various other points within the system to measure the parameters of the
gas at those points, and the readings from these sensors can be used by a controller to estimate or
calculate the charactetistics of the gases at the point of delivery. The controller then adjusts the
output parameters of the system (e.g. fan speed, power to the humidifier chamber heater plate,
etc) accordingly. One example of a system and method where this type of calculation is carried
out is disclosed in WO 2001/13981, which desctibes an apparatus where there are no sensors at

the patient end of the conduit. A tempetature sensor is located proximal to the heater plate in
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order to measure the heater plate temperature. The flow of gases through the humidifier
chamber is estimated, and the appropriate power level for the heater piate 1s then determined by
a central controller. The controller estimates the power supply to the heater humidifier plate, and
the power required by the conduit heater wire for achieving optimal temperature and humidity of

the gases delivered to a patient.

One possible disadvantage of systems and methods which estimate the gases
characteristics (such as the system and method disclosed in WO 2001/13981) is that the
estimations and algorithms used are not as accurate as is necessary. There are many variable
factors that can detrimentally effect the accuracy of the calculation algorithms used by the
controller. These factors may not have been taken into consideration when the algorithm was
designed. For example, the apparatus and in particular the humidifier chamber can be subject to
convective heat loss (‘draft’) Which is created by external airflows, particularly in ventilated
spaces. The flow velocities of the air vary in magnitude, direction and fluctuation frequency.
Mean air velocities from beiow 0.05 m/s up to 0.6 m/s, turbulence intensities from less than 10%
up to 70%, and frequency of velocity fluctuations as high as 2 Hz that contribute up to 90% of
the measured standard deviations of fluctuating velocity have been identified in the occupied
zone of rooms — for one example, see Volume 13, number 6 of HVAC&R Research — paper
titled: ‘accuracy limitations for low velocity measurements and draft assessment in rooms’, by A

Melikov, Z Popiolek, and M.C.G. Silva.

The system disclosed in WO 2001/13981 is unlikely to be able to provide the control
precision necessary to control humidity accurately without substantial rainout occurring. A user
or manufacturer may be forced to trade-off delivery of gases at a lower humidity level, against an
increased possibility of rain-out, against the number of sensors used and their location in the
breathing circuit. For example, when the incoming gas delivered to the humidifier chamber from
the comptessor or blower (particularly in an integrated blower/humidifier breathing assistance
system) has an increased temperature, the chamber temperature should be accurately
compensated to achieve the desired dew point. If the air coming into the chamber is warm and
the air temperature is increasing with an increase in flow, then the inaccuracy of a set calculation

algorithm will increase.

It should further be noted that prior art systems frequently measute/calculate and display
the humidifier chamber outlet temperature. Displaying the temperature reading is often

inadequate for a user to make an informed decision, as the temperature does not always directly
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relate to the gases humidity state. This is due to a number of factors, of which the following are

examples, but not an exhaustive list.
1. High temperature of the incoming gas.
2. Very low or very high flow rate.

3. Cooling of the humidifier chamber by convection of the ambient air around the

humidification chamber.
4, Mixing of outgoing and incoming gases inside the chamber.

5. Condensation of water at the chamber wall or connection tubes particularly at low

ambient temperature conditions.

0. Problems with accurate temperature measurements at high humidity (the ‘wet
bulb’ effect).
7. Variations in the level of the humidity of the incoming gas.

Furthermore, a user may not always require gases warmed to body temperature and 100%
humidity. A specific therapy regime may call for a high or 100% humidity level, but this can be
undesirable for users who use a mask, as the conditioned gas with high hufnidity can feel

uncomfortable for a user on their skin.

A further problem in system of this type can be outlined as follows: It is normal in
systems such as those outlined above for the fan speed (modular and integrated units) or
pressure/flow level (hospital, remote soutce units) to be set to a constant level, with the
assumption that this will provide a constant flow rate throughout the system (or alternatively, if
using a central gases source in the system, the flow rate of the incoming gases from the remote
source is assumed to remain constant). A constant flow rate is desirable for the same or similar
reasons as outlined above. A constant flow rate is also very desirable when using additional or
supplementary oxygen, blending this with atmospheric gases. A constant flow rate will help to

keep the oxygen fraction at the desired level.

As the gases characteristics are interdependent, a change in the flow rate may lead to a
significant change in the hurhidity, temperature or oxygen fraction of the gases delivered to a
user. However, the flow through the system may be affected by a number of different |
interdependent variables which are independent of the gases source (e.g. the speed of the fan). -
These can include increased (or decreased) resistance to flow caused by changes in the position

of the user interface on a user, changes in the way the delivery conduit is bent in use, etc. The
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flow rate will also change if, for example, the interface is changed to a different size or shape of

interface, or a different type of interface altogether.

There is therefore a need for a system and method which provides incteased control
precision for controlling the humidity, or temperature, or both, of the gases flow, while at the
same time delivering gases to a patient at the correct temperature, humidity and pressure for
effective therapy. There is also the need for a system which compensates for changes in the
resistance to flow through the system during use in order to provide a substantially constant flow

rate at the desired level.
SUMMARY OF THE INVENTION

"It is an object of the present invention to provide an integrated blower/humidifier system
that goes some way towards overcoming the above disadvantages, or which provides users with a

useful choice.

In a first aspect the invention may broadly be said to consist in a breathing assistance system for

delivering a stream of heated, humidified gases to a user for therapeutic purposes, comprising;

a humidifier unit that has an inlet port and an exit port, said humidifier unit adapted to in
use receive a flow of gases from a gases source via said inlet port, said humidifier unit further
adapted to hold and heat a volume of water in use, in use said flow of gases passing through said
humidifier unit and becoming heated and humidified, said heated humidified gases exiting said

humidifier unit via said humidifier unit exit port,

an exit port temperature sensor adapted to measure the temperature of gases exiting said

humidifier unit,

an ambient temperature sensor adapted to measure the temperature of gases at a point

before said gases enter said humidifier unit,

a flow sensor adapted to measure the actual flow rate of said gases stream through said

systetn,

a controller adapted to receive data from said ambient temperature sensor relating to the
measufed temperature, data from said exit port temperature sensor relating to the measured
temperature, and data from said flow sensor relating to said actual flow rate, said controller
determining a control output in response, said control output adjusting the power to said

humidifier unit to achieve a desired output at said humidifier unit exit port.
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In 2 second aspect the invention may broadly be said to consist in a breathing assistance system

for delivering a stream of heated, humidified gases to a user for therapeutic purposes, comprising;

2 humidifier unit that has an inlet port and an exit port, said humidifier unit adapted to in
use receive a flow of gases from a gases source via said inlet port, said humidifier unit further
adapted to hold and heat a volume of water in use, in use said flow of gases passing through said
humidifier unit and beco‘ming heated and humidified, said heated humidified gases exiting said’

humidifier unit via said humidifier unit exit port,

a delivery conduit and.user interface configured to in use receive said heated humudified
gases from said exit port for delivery to said user, said delivery conduit having a heater wire

adapted to heat the gases within said conduit,

a patient end temperature sensor adapted to measure the temperature of said gases flow

at or close to said patient,

a flow probe adapted to measure the actual flow rate of said gases stream through said

system,

said breathing assistance system further comprising a controller adapted to receive data
from said patient end temperature sensor relating to the measured temperature, and data from
said flow probe relating to said actual flow rate, said controller determining a control output in
résponse, said control output adjusting the power to at least said heater wire to maintain or alter
the temperature of said flow of gases within said conduit to achieve a desired patient end

temperature and absolute humidity at said interface.

Preferably said control output relates to a target temperature at said exit port for a given flow
level, and said desired output is a target temperature, said control output adjusting said power to
said humidifier unit to match said measured temperature at said exit port with said target

temperature.
Preferably said control output is determined from a rule-based system loaded in said controller.

Alternatively said control output is determined from at least one mathematical formula loaded in

said controllet.
Alternatively said control output is determined from a look-up table loaded in said controller.
Preferably said desired output is a target dew point temperature.

Preferably said target dew point temperature is in the range 31 — 39°C.



10

15

20

25

30

CA 02726116 2010-11-26
WO 2009/145646 PCT/NZ2009/000091

_8-

Preferably said user set target dew point temperature provides an absolute humidity level of

substantially 44mg H,0 / litre of air.
Alternatively said desired output is a target absolute humidity.
Alternatively said desired output is a target temperature and relative humidity.

Preferably said breathing assistance system also has user controls adapted to enable a user to set a

desired user-set flow rate of gases through said system.

Preferably said breathing assistance apparatus further comprises a control unit adapted to in use
receive a flow of gases from a remote central source, said control unit located in the gases path
between said central source and said humidifier unit, said control unit receiving said flow of gases
and passing said flow on to said humidifier unit via a gases connection path between said
humidifier unit and said control unit, said user controls adapted to enable a user to set a desired

user-set flow rate through said control unit.

Preferably said control unit further comprises a venturi adapted to mix said flow of gases from

said central source with atmospheric gases before passing these to said humidifier unit.

Prefefably said gases source is a blower unit fluidically connected in use to said humidifier unit,
said blower unit having an adjustabl¢, variable speed fan unit adapted to deliver said flow of gases
over a range of flow rates to said humidifier unit and user controls adapted to enable a user to set
a desired user-set flow rate, said controller adapted to control the power to said blower unit to

produce said user-set flow rate.

Preferably said humidifier unit is a humidifier chamber having a heater base, and said breathing
assistance system further has a heater plate adapted to heat the contents of said humidifier

chamber by providing heat energy to said heater base,

said breathing assistance system further having a heater plate temperature sensor adapted
to measure the temperature of said heater plate and provide this temperature measurement to
said controllet, said controller determining said control output by assessing all of said measured

temperatures and said measured flow rate.

Preferably if a target value of said chamber gases outlet temperature is reached and the
corresponding heater plate temperature is higher than a set value stored in the memory of said
controller for a given pre-set time peﬁod, said controller assesses that said humidifier unit is
experiencing high convective heat loss and determines said control output according to an altered

or different rule set, mathematical formula or look-up table.
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Preferably said controller is further adapted to measure the power drawn by said heater plate for
a given pre-set time period and if the power drawn is higher than a value stored in the memory of
said controller, said controller assesses that said humidifier unit is experiencing high convective
heat loss and determines said control output according to an altered or different control

A

algorithm, mathematical formula or look-up table.

Preferably said controller is further adapted to measure the power drawn by said heater plate for
a given pre-set time period and compare this to a pre-stored set of values stored in the memory
of said controller, said controller applying an inversely linear correction factor if the measured

power drawn is not substantially similar to said pre-stored set of values.
Preferably said measured data values and said stored data values must be within +/-2%.

Preferably said ambient temperature sensor 1s located at or close to said inlet port to measure the

temperature of gases substantially as they enter said humidifier unit.

Alternatively said ambient temperature sensor is adapted to measure the pre-entry temperature of
gases substantially as they enter said breathing assistance system, said controller applying a

correction factor to said pre-entry temperature.

Preferably said controller is adapted to receive at least said user set flow rate and said actual flow
rate data from said flow probe or flow sensor, said controller having a coarse control parameters
and fine control parameters, said controller comparing said user set flow rate and said actual flow
rate, said controller using said fine control parameters to adjust the output of said fan to match
said actual flow rate to said user set flow rate as long as said actual flow rate matches_ said user set
flow rate to within a tolerance, the value of said tolerance stored within said controller, said
controller using said coarse control parameters to adjust the output of said fan to match said
actual flow rate to said user set flow rate if the difference between said user set flow rate and said

actual flow rate 1s outside said tolerance.

Preferably said coarse control parameters are a first P.LD. filter and said fine control parameters

are a second P.I.D. filter.

Alternatively said controller further comprises a compensation filter, a low pass filter, a high pass
filter, and a P.I.D. filter, said signal indicative of actual flow rate from said flow probe passed in
parallel through said low pass filter and said high pass filter, said low pass filter producing a low
pass output signal, said high pass filter producing a high pass output signal that is passed through
said compensation filter, said low pass output signal subtracted from said user set flow rate signal

and passed into said P.I.D filter, the output signal from said P.I.D filter and the output signal
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from said compensation filter summed and compared to said user set flow rate, said controller
using said coatse control parameters to adjust the output of said fan to match said actual flow
rate to said user set flow rate if the difference between the sum of said output signals and the user

set flow rate is outside a pre-set tolerance contained in the memory of said controller.

Alternatively said controller 1s adapted to receive at least said user set flow rate and said actual
flow rate data from said flow probe, said controller having a coarse control parameters and fine
control parameters, said controller comparing said user set flow rate and said actual flow rate,
said controller using said fine control parameters to adjust the output of said fan to match said
actual flow rate to said user set flow rate as long as said actual flow rate matches said user set
flow rate to within a tolerance, the value of said tolerance stored within said controller, said
controller using said coarse control parameters to adjust the output of said fan to match said
actual flow rate to said user set flow rate if the difference between said user set flow rate and said

actual flow rate is outside said tolerance.

Alternatively said controller further comprises a compensation filter, a low pass filter, a high pass
filter, and a P.L.D. filter, said signal indicative of actual flow rate from said flow probe passed in
parallel through said low pass filter and said high pass filter, said low pass filter producing a low
pass output signal, said high pass filter producing a high pass output signal that is passed through
said compensation'ﬁlter, said low pass output signal subtracted from said user set flow rate signal
and passed into said P.I.D filter, the output signal from said P.I.D filter and the output signal ‘
from said compensation filter summed and compared to said user set flow rate, said controller
using said coarse control parameters to adjust the output of said fan to match said actual flow
rate to said user set flow rate if the difference between the sum of said output signals and the user

set flow rate is outside a pre-set tolerance contained in the memory of said controller.

Preferably said controller also includes a feedback signal from said fan to said compensation fiiter
so that the input signal to said fan unit comprises the output signal from said P.L.D. filter and the

output signal from said compensation filter.

Preferably said actual flow rate data is measured by said at least one flow probe, said actual flow
rate data subtracted from said user set flow data and a signal indicative of the difference sent to

both said first and second P.I.D. filters, said controller using either the output of said first P.1D.
filter or said second P.I.D. filter to adjust the output of said fan to match said actual flow rate to

said user set flow rate.

Preferably said flow rate is sampled at a sample rate of between 20 and 30 Hz.
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Even more preferably said sample rate is 25 Hz.

Preferably said actual flow rate data is passed through a first low-pass filter before being

subtracted from said user set flow data.

Preferably said first low-pass filter has a cut-off frequency high enough to allow intra breath flow

variation to pass unattenuated.
Preferably said actual flow rate data is also passed through an averaging filter.
Preferably said averaging filter is a second low pass filter.

Preferably the output of said averaging filter is fed back to said controller in place of said direct

flow data from said flow probe.

Preferably said controller receives said averaged flow from said averaging filter and compares this
to said user set flow rate, said controller using coarse control parameters to adjust the flow rate to
said user set rate if the difference between said user set flow rate and said actual flow rate is
outside a tolerance value stored in the memory of said controller, said controller using fine

control parameters if said difference is inside said tolerance.
Preferably said tolerance is 3 L./min.

Alternatively said tolerance is variable, and is a percentage value of said actual flow rate as

measured by said flow probe.

Preferably said percentage value is between 1-3%.
Alternad;rely said percentage value is between 3-5%.
Alternatively said percentage value is between 5-7%.
Alternatively said percentage value is between 7-10%.

Preferably said control unit is particularly adapted to receive oxygen as said gases from said
remote source, said at least one flow probe adapted to measure said flow rate of gases received
from said remote source and pass said flow rate measurement on to said controller, said
controller adapted to determine the flow rate of said gases from atmosphere based on the known
system dimensions, said controller determining the fraction of oxygen in said blended air from

said flow rate and said system dimensions.

‘Preferably said control unit is adapted to receive oxygen as said gases from said remote source,

said at least one flow probe adapted to measure said flow rate of gases received from said remote

source, said system further comptising a second flow probe adapted to measure the flow rate of
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said gases received from atmosphere, said controller determining the fraction of oxygen in said

blended air from said flow rates.

Preferably said system is adapted so that when a user alters said user set flow rate this alters said

oxygen fraction.

Preferably said system further has a display adapted to show chamber outlet dew point

temperature.

Alternatively said display is adapted to show the absolute humidity level of gases exiting said

chamber.

Alternatively said display is adapted to show absolute humidity and chamber outlet dew point

temperature.

Preferably said breathing assistance system also has a humidity sensor adapted to measure the
humidity of atmospheric gases entering said breathing assistance system, said controller recetving

data relating to the measured humidity,

said controller determining said control output by also using said data relating to the

measured humudity.

Preferably said system also has a pressure sensor adapted to measure the pressure of atmospheric
gases entering said breathing assistance system, said controller receiving data relating to the

measured pressure,

said controller determining said control output by also using said data relating to the

measured pressure.

Preferably said system further comprises a delivery conduit and user interface configured to in
use receive said heated humidified gases from said exit port for delivery to said user, said delivery

conduit having a heater wire adapted to heat the gases within said conduit.

Preferably said breathing assistance system further has a patient end temperature sensor adapted
to measure the temperature of said gases flow at or close to said patient, the measured patient
end temperature fed back to said controller, said controller adjusting the power to said heater

wite to maintain the temperature of said flow of gases within said conduit.

Preferably said controller teceives said measured patient end temperature data, said controller
determining said control output by also using said data relating to the measured patient end

temperature data.
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Preferably said controller is further adapted to measure the power drawn by said heater
wire for a given pre-set time period, and if said power drawn by said heater wire is higher
than a value stored in the memory of said controller, said controller assesses that said
humidifier unit is experiencing high convective heat loss and determines said control

output according to an altered or different rule set, mathematical formula, or look-up table.

Accordingly, in one aspect the present invention resides in a breathing assistance
system for deliyering a stream of heated, humidified gases to a user for therapeutic
purposes, comprising; a humidifier unit that has an inlet port and an exit port, said
humidifier unit adapted to in use receive a flow of gases fro a gases source via said inlet
port, said humidifier unit further adapted to hold and heat a volume of water in use, in use
said flow of gases passing through said humidifier unit and becoming heated and
humidified, said heated humidified gases exiting said humidifier unit via said humidifier
unit exit port, an exit port temperature sensor adapted to measure the temperature of gases
exiting said humidifier unit, an ambient temperature sensor adapted to measure the
temperature of gases at a point before said gases enter said humidifier unit, a flow sensor
adapted to measure the actual flow rate of said gases stream through said system, a
controller adapted to receive data from said ambient temperature sensor relating to the
measured temperature, data from said exit port temperature sensor relating to the measured
temperature, and data from said flow sensor relating to said actual flow rate, ~determine a
target temperature for said exit port based on at least the data from said ambient
temperature sensor and said flow sensor and adjust the power to said humidifier unit to

achieve said target temperature at said humidifier unit exit port.

This invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application, individually or
collectively, and any or all combinations of any two or more of said parts, elements or
features, and where specific integers are mentioned herein which have known equivalents
in the art to which this invention relates, such known equivalents are deemed to be

incorporated herein as if individually set forth.

The term ‘comprising’ as used in this specification means ‘consisting at least in part
of’, that is to say when interpreting statements in this specification which include that term,
the features, prefaced by that term in each statement, all need to be present but other

features can also be present.
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BRIEF DESCRIPTION OF THE DRAWINGS
One preferred form of the present invention will now be described with reference to

the accompanying drawings in which:

Figure 1 shows a schematic view of a user receiving humidified air from a modular

blower/humidifier breathing assistance system of a known, prior art, type.

Figure 2a shows a schematic view of a user receiving humidified air from one
variant of the present invention, with the user wearing a nasal mask and receiving air from

a modular blower/humidifier breathing assistance system.

Figure 2b shows a schematic view of a user receiving humidified air from another
variant of the present invention, where the user is wearing a nasal cannula and receiving air

from a modular blower/humidifier breathing assistance system.

Figure 3 shows a schematic view of a user receiving humidified air from another
variant of the present invention, where the user is wearing a nasal mask and receiving air

from an integrated blower/humidifier breathing assistance system.

Figure 4 shows a schematic view of a user receiving humidified air from another
variant of the present invention, where the user is wearing a nasal cannula, the breathing
assistance system receiving gases from a central source via a wall inlet and providing these

to a control unit,
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which provides the gases to a humidifier chamber in line with and downstream of the control

unit.

Figure 5 shows a graphical representation of a data set for use with the breathing
assistance system of Figures 2 or 3, the graph showing curves representative of seven different
constant flow rates over a range of ambient atmospheric temperatures, and a range of target .
temperatures for a given flow and ambient temperature, the data loaded into the system.

controller in use.

Figure 6 shows a graphical representation of an alternate data set for use with the
breathing assistance system of Figures 2, 3 or 4, the alternative data compared to or used
alongside the equivalent data from the table shown gréphically in Figure 5, the graph lines
showing curves representative of two different steady flow rates for a range of ambient
atmospheric temperatures with little movement of the ambient air, and a range of target
temperatures for a given flow and ambient temperature, and the same steady flow rates shown
over a range of ambient temperatures with high convective heat loss from the humidification

chamber, the data from the look-up table loaded into the system controller in use.

Figure 7 shows a schematic representation of some of the connections between a
controller suitable for use with the breathing assistance system of Figures 2, 3 or 4, and other

components of the preferred form of breathing assistance system as shown in Figure 2, 3, or 4.

" Figure 8a shows a graph of measured experimental data of flow, dew point, chamber
exit or chamber outlet temperature under conditions of high ambient temperature using a

breathing assistance system such as that shown in Figures 2, 3 or 4.

Figure 8b shows a similar graph to Figure 8a, for conditions of low ambient temperature. -

Figure 9 shows a schematic representation of part of the programming for a control
system that is used by the breathing assistance s$ystem of Figure 2 or Figure 3 to adjust the flow
rate through the system so that it remains substantially constant when the geometry of the system
changes, the control mechanism containing two P.I.D. control filters, one for large deviation and
one for small deviation from the set flow rate, the control mechanism also containiﬁg an

averaging filter located in a feedback path to compare the measured flow with the set flow rate.

Figure 10a shows a schematic representation of part of the programming for a control
system that is used by the breathing assistance system of Figure 2 or Figure 3 so that average and
intra breath flow can be controlled with a low-pass filter also incorporated as part of the

programming and used for determining whether coarse or fine flow control is used.
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Figure 10b shows a schematic representation of part of the programming for a control
system which incorporates dual feedback loops for improved flow control in the system of
Figure 2 or Figure 3, the dual feedback loops allowing separate control filters, so that average and

intra breath flow can be controlled.

Figure 11 shows a schematic diagram of the system of Figure 10b, with the addition of a
further feedback path from the flow generator to the compensation filter, to assist in

compensating for the non-linear nature of the breathing system shown in Figures 2, 3 and 4.

Figure 12 shows a graph of motort speed for a number of example interfaces,
demonstrating that humidity can be controlled to an appropriate level for either a mask or a nasal
cannula (which require different motor speeds, with the system remaining stable and producing

an appropriate humidity level at both high-speed and at low-speed).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A schematic view of a user 2 receiving air from a modular assisted breathing unit and
humidifier system 1 according to a first variant or embodiment of the invention is shown in
Figures 2a and 2b. The system 1 provides a pressurised stream of heated, humidified gases to the
user 2 for therapeutic purposes (e.g. to reduce the incidence of obstructive sleep apnea, to
provide CPAP therapy, to provide humidification for therapeutic purposes, or similar). The

system 1 is described in detail below.

The assisted breathing unit or blower unit 3 has an internal compressor unit, flow
generator or fan unit 13 — generally this could be referred to as a flow control mechanism. Air
from atmosphere enters the housing of the blower unit 3 via an atmospheric inlet 40, and 1s
drawn through the fan unit 13. The output of the fan unit 13 is adjustable — the fan speed is
variable. The pressutised gases stream exits the fan unit 13 and the blower unit 3 and travels via
a connection conduit 4 to a humidifier chamber 5, entering the humidifier chamber 5 via an entry
port or inlet port 23. The humidifier chamber 5 in use contains a volume of water 20. In the
pfeferred embodiment, in use the humidifier chamber 5 1s located on top of a humidifier base
unit 21 which has a heater plate 12. The heater plate 12 is powered to heat the base of the
chamber 5 and thus heat the contents of the chamber 5. A_s the \x;ater in the chamber 5 is heated
it evaporates, and the gases within the humidifier chamber 5 (above the surface of the water 20)
become heated and humidified. The gases stream entering the humidifier chamber 5 via inlet
port 23 passes over the heated water (ot through these heated, humidified gases — applicable for
large chamber and flow rates) and becomes heated and humidified as it does so. The gases

stream then exits the humidifier chamber 5 via an exit port or outlet port 9 and enters a delivery
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conduit 6.‘ When a ‘humidifier unit’ is referred to in this speci'ﬁca-tion with reference to the
inventioh, this should be taken to mean at least the chamber 5, and if appropmiate, the base unit
21 and heater plate 12. The heated, humidified gases pass along the length of the delivery
conduit 6 and are provided to the patient or user 2 via a user interface 7. The conduit 6 may be
heated via a heater wire (not shown) or similar to help prevent rain-out. The user interface 7
shown in Figure 2a is a nasal mask which surrounds and covers the nose of the user 2. However,
it should be noted that a nasgl cannula (as shown in Figure 2b), full face mask, tracheostomy
fitting, or any other suitable user interface could be substituted for the nasal mask shown. A
central controller or control system 8 is located in either the blower casing (controller 8a) or the
humidifier base unit (controller 8b). In modular systems of this type, it 1s preferred that a
separate blower controller 8a and humidifier controller 8b are used, and it is most preferred that
the controllers 8a, 8b are connected (e.g. by cables or similar) so they can communicate with one
another in use. The control system 8 receives user input signals via user controls 11 located on
either the humidifier base unit 21, or on the blower unit 3, or both. In the preferred
embodiments the controller 8 also receives input from sensors located at various points
throughout the system 1. Figure 7 shows a schematic representation of some of the inputs and
outputs to and from the controller 8. It should be noted that not all the possible connections
and inputs and outputs are shown — Figure 7 is representative of some of the connections and is
a representative example. The sensors and their locations will be described in more detail below.
In response to the user input from controls 11, and the signals received from the sensors, the
control system 8 determines a control output which in the preferred embodiment sends signals to
adjust the power to the humidifier chamber heater plate 12 and the speed of the fan 13. The
programming which determines how the controller determines the control output will be

described in more detail below.

A schematic view of the user 2 receiving air from an integrated blower/humidifier system
100 according to a second form of the invention is shown in Figure 3. The system operates in a
very similar manner to the modular system 1 shown in Figure 2 and described above, except that
the humidifier chamber 105 has been integrated with the blower unit 103 to form an integrated
unit 110. A pressurised gases stream is provided by fan unit 113 located inside the casing of the
integrated unit 110. The water 120 in the humidifier chamber 105 is heated by heater plate 112
(which is an integral part of the structure of the blower unit 103 in this embodiment). Air enters
the humidifier chamber 105 via an entry port 123, and exits the humidiﬁer chamber 105 via exit

port 109. The gases stream is provided to the user 2 via a delivery conduit 106 and an interface
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107. The controller 108 is contained within the outer shell of the integrated unit 100. User

controls 111 are located on the outer surface of the unit 100.

A schematic view of the user 2 receiving air from a further form of breathing assistance
system 200 is shown in Figure 4. The system 200 can be generally characterised as a remote
source system, and receives air from a remote source via a wall inlet 1000. The wall inlet 1000 is
connected via an inlet conduit 201 to a control unit 202, which receives the gases from the inlet
1000. The control unit 202 has sensors 250, 260, 280, 290 which measure the humidity,
temperature and pressure and flow respectively of the incoming gases stream. The gases flow 1s
then provided to a humidifier chamber 205, with the gases stream heated and humidified and
provided to a user in a similar manner to that outlined above. It should be noted that when
‘humidifier unit’ is referred to for a remote source system such as the system 200, this should be
taken to mean as incorporating the control unit 202 — the gases from the remote source can
either be connected airecﬂy to an inlet, or via the control unit 202 (in order to reduce pressure or
similar), but the control unit and the humidifier chamber should be interpreted as belonging to an
overall ‘humidifier unit’. If required, the system 200 can provide O, or an O, fraction to the user,
by having the central source as an O, soutce, or by blending atmospheric air with incoming O,
from the central source via a venturi 90 or similar located in the control unit 202. It 1s preferred
that the control unit 202 also Has a valve or a similar mechanism to act as a flow control

mechanism to adjust the flow rate of gases through the system 200.
SENSORS

The modular and integrated systems 1, 100 and 200 shown in Figures 2, 3 and 4 have
sensors located at points throughout the system. These will be described below in relation to the

breathing assistance system 1.

The preferred form of modular system 1 as shown in Figure 2 has at least the following

sensors in the following preferred locations:

1) An ambient temperature sensor 60 located within, near, or on the blower casing,
configured ot adapted to measure the temperature of the incoming air from atmosphere. Itis
most preferred that temperature sensor 60 is located in the gases stream after (downstream of)

the fan unit 13, and as close to the inlet or entry to the humidifier chamber as possible.

2) A humidifier unit.exit port temperature sensor 63 located either at the chamber
exit port 9, or located at the apparatus end (opposite to the patient end) of the delivery conduit 6.

Outlet temperature sensor 63 is configured or adapted to measure the temperature of the gases
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stream as it exits chamber 5 (in either configuration the exit port temperature sensor 63 can be

considered to be proximal to the chamber exit port 9).

Similarly, sensors are arranged in substantially the same locations in the integrated system
100 shown in Figure 3 and the system 200 of Figure 4. For example, for the integrated system of
Figure 3, an ambient temperature sensor 160 is located within the blower casing in the gases
stream, just before (upstream of) the humidifier chamber entry port 123. A chamber exit port
tempetature sensor 163 is located either at the chamber exit port 109 and is configured to
measure the temperature of the gases stream as it exits chamber 105 (in either configuration the
exit port temperature sensor 163 can be considered to be proximal to the chamber exit port 109).
Alternatively, this sensor can be located at the apparatus end (opposite to the patient end) of the
delivery conduit 1006, for either embodiment. A similar numbering system is used for the
breathing assistance system shown in Figure 4 — ambient temperature sensor 260, fan unit 213,

chamber exit port temperature sensor 263 located at the chamber exit port 209, etc.

It is also preferred that the breathing assistance system 1 (and 100, 200) also has a heater
plate temperature sensor 62 located adjacent to the heater plate 12, configured to measure the
tempefature of the heater plate. The breathing assistance system(s) having a heater plate
temperafure sensor 1s preferred as it gives an immediate indication of-the state of the heater plate.
However, it is not absolutely necessaty to for the system(s) to have the heater plate temperature

sensor in order to reduce the invention to practice.

It is also most preferred that the systems also have a flow probe — flow probe 61 in
system 1 — located upstream of the fan unit 13 and configured té measure the gases flow. The
preferred location for the flow probe is upstream of the fan unit, although the flow probe can be
located downstream of the fén, or anywhere else appropriate. Again, it 1s preferred that a flow
probe forms part of the system, but it is not absolutély necessary for a flow probe to be part of

the system to reduce the invention to practice.

The layout and operation of the breathing assistance system 1 will now be described

below in detail. The operation and layout of the systems 100 and 200 is substantially the same,

and will not be described in detail except where necessary.

Fort the breathing assistance system 1, the readings from all of the sensors are fed back to

the control system 8. The control system 8 also receives input from the user controls 11.

Further alternative additional sensors and their layout will be described in more detail

later.
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HUMIDITY CONTROL METHOD

In the most prefetred embodiment, the control system 8 has at least one data set pre-
loaded into the controller. The data that forms the data set is pre-measured or pre-calculated
under controlled conditions (e.g. in a test area or laboratoty) for a specific system configuration
with specific components (e.g. system 1 or sysfem 100, or system 200, with a particular, specific
blower unit and humidifier unit used to gather the data). The data is gathered under a number of
condition ranges that will typically be encountered in use, with the pre-measured (pre-set) data
then being loaded as integral software or hardware into the controller 8 for the production

systems, or as data to be used in e.g. a fuzzy logic algorithm for humidity control.

A data set particularly suitable for use with system 1 is shown as a graph in Figure 5. The
X-axis shows a range of ambient temperatures, from 18°C to 35°C. In use, the ambient
temperature of the gases in the breathing assistance system before or upstream of the chamber 5
is measured by the ambient temperature sensor 60, and the ambient temperature data 1s relayed
to the controller 8. It is most prefetred that the temperature sensor 60 measures the ambient
temperature of the gases just before the gases enter the chamber 5. In order to create the data
set, a typical system 1 is placed in an environment where the ambient temperature can be kept at

a known, constant level over a range of temperatures.

In the preferred form in use, a user chooses a flow rate by adjusting the controls 11. The
controller 8 receives the input from the user controls 11 and adjusts the fan speed to substantially
match this requested flow rate (either by altering the speed of the fan to a speed thét 1s known to
substantially correspond to the required flow for the particular breathing circuit configuration, or
by measuring the flow using flow probe 61 and using a feedback mechanism via controller 8 to
adjust the flow rate to the level required or requested). Seven different constant flow rates are
shown in the graph of Figure 5, for seven different constant fan speeds. The lines 70-76
correspond to different flow rates as follows: Line 70 — a flow rate 15 litres /minute. Line 71 —a
flow rate of 20 litres/minute. Line 72 — a flow rate of 25 litres/minute. Line 73 — a flow rate of
30 littes/minute. Line 74 — a flow rate of 35 litres/minute. Line 75 — a flow rate of 40

litres/minute. Line 76 — a flow rate of 45 litres/minute.

The Y-axis shows a range of target chamber temperatures. That 1s, for any given fan
speed (flow rate and pressure), and any given ambient temperature, there is a ‘best’, or ‘ideal’
target outlet temperature for the gases in the chamber 5 above the water 20 — the target outlet
temperature as shown on the Y-axis. This ‘ideal’ temperature is the dew point temperature for a

given constant flow and constant ambient temperature. That is, the temperature at which the
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- gases can exit the chamber 5 at the required saturation (required level of humidity) and then be

delivered to the user 2 at the correct temperature and pressure for effective therapy. As the gases

~ exit the chamber 5, the gases temperature is measured by the chamber exit port temperature

sensor 63. The controller 8 is adapted to receive the temperature data measured by the chamber
exit temperature sensor 63 and the data relating to the temperature of the gases entering the
chamber 5 (as measured by ambient temperature sensor 60). The flow rate has been previously
set to a constant value, as outlined above, so the controller 8 already knows’ the constant flow
rate. As the controller 8 ‘knows’ both the flow rate and the ambient temperature, it can, for
example, look up the ‘ideal’ target outlet temperature from the range incorporated into the pre-
loaded data set (e.g. the data shown graphically in Figure 5). The controller 8 then compares the
measured value of chamber exit temperature' to the ‘ideal’ target chamber temperature for the
given, known flow rate and ambient temperature. If the measured value of target temperature
does not match the ‘ideal’ target value, the controller 8 generates or determines a suitable control
output, and adjusts the power to the heater plate accordingly, either increasing the power to
increase the temperature of the gases within the chamber 5, or decreasing the power to decrease
the gases temperature. The controller 8 adjusts the power in this manner in order to match the
temperature measured at the outlet or exit port with the required target temperature. In the
preferred embodiment, the mechanism by which the controller 8 adjusts the output
characteristics is via a Proportional-Integral-Derivative controller (P.I.D. controller) or any one

of a number of similar mechanisms which are known in the art.

The controller could also generate or determine a suitable control output by, for example,
using a fuzzy logic control algorithm loaded into the controller 8, or mathematical formulae

which utilise the measured temperature and flow data as variables in the equations.

Examples of mathematical formulae are shown below. These correspond generally to the

data shown graphically in figure 5, for the range of flow rates from 15 to 45 litres/min.

45 T = -0.0005T, ' + 0.055T, ,° - 2.1234T,__ > + 35.785T,_, - 186.31
40 T = -0.0005T, ,*+ 0.0578T,_,° - 2.2311T__,> + 37.554T,_, - 196.98 -
35 T = -0.0006T,_,* + 0.0625T,_,> - 2.4283T, > + 41.178T__, - 221.29
30 T = -0.0006T, ,* + 0.0669T,_,° - 2.6156T,_,° + 44.613T __, - 244.25
25 T, = -0.0006T, ,* + 0.0696T,_,° - 2.7315T, > + 46.76T__, - 258.75
20 T = -0.0007T,,* + 0.0736T,_,° - 2.8942T, > + 49.651T,, - 277.53
15 T = -0.0007T, % + 0.0776T,_,” - 3.0612T, > + 52.611T,_, - 296.71

Example: the therapy regime of a user 2 specifies a certain flow rate and pressure, for

example a flow of 45 litres/min. The speed of the blower or fan unit 13 is set (via the controls



10

15

20

25

30

CA 02726116 2010-11-26
WO 2009/145646 PCT/NZ2009/000091

_21-

11) to deliver gases at this flow rate. If a flow probe 61 is part of the system, this flow rate can be
dynamically adjusted by feeding back a real-time flow reading from the flow sensor or flow probe
61 to the controller 8, with the controller 8 adjusting the fan speed as necessary. This can be
done via a P.LD. controller that comprises part of the controls 8 as described in detail below, or
similar. It 1s preferfed that the flow rate is dynamically adjusted and monitored. However, if a
flow probe is not part of the system, then the flow rate is assumed or calculated from the fan
speed, and is assumed to be constant for a constant fan power level. The flow rate of 45
litres/minute is shown by line 76 on the graph of Figure 5. In this example, the user 2 is sleeping
in a bedroom having an ambient temperature of substantially 30°C. Air at 30°C enters the
breathing assistance apparatus and as it passes through the fan and connecting passages within
the casing, it warms up slightly. The temperature of the air just before it enters the humidifier
chambef is measured by the ambient temperature sensor 60. As the ambient temperature and the

flow rate are known, the controller 8 can calculate the required target temperature, as shown on

- the Y-axis of the graph of Figure 5. For this particular example, it can be seen that the chamber

target temperature is 42°C. The chamber exit temperature sensor 63 measures the temperature of
the gases as they exit the chamber 5 (the gases temperature at the exit point will be substantially
the same temperature as the gases in the space above the chamber contents 20). If the gases
temperature as measured by the chamber exit temperéture sensor 63 is not 42°C, then the
controller 8 determines and generates a suitable control output which alters the power to the
heater plate 12 accordingly. As above, if the ambient temperature as measured by the ambient
temperature sensor 60 changes, this can be fed back to the controller 8 and the outputs altered as

appropriate using a P.I.D. control algorithm or similar.

One of the advantages of this system over the systems disclosed in the prior art 1s as
follows: in prior art systems, as the ambient temperatures approach the target dew point
temperature, the heater plate will draw less power and not raise the temperature of the water in
the humidifier chamber as much. Therefore the gases will tend not be fully saturated as they exit
the chamber. The method outlined above overcomes this problerﬁ by using values of ambient
temperature or more preferably chamber inlet temperature, chamber exit temperature and flow
rate for a system of a known configuration, in order to produce a target chamber exit
temperature which is considered to be substantially the best or ‘ideal’ temperature for gases

saturation and delivery to a user for a set flow rate and a particular ambient temperature.

Another advantage is that the system 1 can accurately control the humidity level without

the need for an accurate humidity sensor.
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Another advantage is that when gas is delivered to the humidifier chamber from the
compressor or blower, and this incoming gas has an increased temperature, the chamber
temperature can be accurately compensated to achieve the desired dew point. This is particularly
advantageous if the air or gases entering the chamber are warm, and also in situations when the
temperature increases as the flow increases. In operation, any flow generator causes an increase
in air temperature between the inlet from atmosphere and the outlet. This change in temperature
can be more pronounced in some types of flow generator. The temperature of components of
the system can change bétween the time at which the system is fitst activated and some time
afterwards (e.g. over a reasonably prolonged period of time such as 1-2 hours). That is,
components of the system can heat up as the system is operating, with the system taking some
time to reach a steady state of operation. If these components are located in or adjacen-t to the
air path between the point at which air enters the system, and the point at which the air enters the
chamber, then the temperafure of these gases is going to change — there is going to be some heat
transfer from these components to the gases as the gases travel along this path. It can therefore
be seen that measuring the temperature of the gases as they enter the chamber reduces the |
likelihood of introducing a temperature measurement error into the control calculations, as the
temperature of the gases at the point of entry to the system when the system has reaches a steady
staté of operation may be different from the temperature of the gases at the point of entry to the
chamber. However, it has generally been found that although it is most preferable to measure
gases temperature at the point of entry to the chamber, it is also acceptable in most

circumstances to measure atmospheric gases temperature.

The method desctibed above is substantially similar for the integrated apparatus 100, or
the apparatus 200, although the pre-set or pre-measured and pre-loaded values in the look-up
table may differ as the apparatus has a slightly different configuration. In other forms, the user
could choose a pressure rate (and the data set would be modified for pressure values rather than

flow values).

The apparatus and method described above has been found to provide improved control
of the gases characteristics at the point of delivery to the user 2, over systems and methods
known in the prior art. The system and method described above goes some way towards
overcoming the problems with prior .ért methods and apparatus. The system and method
described above controls the output characteristics with the aim of producing gases at the‘
chamber exit which are fully saturated — that is, the gases exiting the chamber are at dew point or
very close to dew point for a given temperature. The system output characteristics are varied for

the target dew point temperature, rather than the chamber exit temperature.
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If the system has a user display, the dew point (or alternatively, the absolute humidity, or
both dew point and absolute humidity) can be displayed rather than the chamber outlet
temperature. As outlined above, the chamber outlet temperature can be an inaccurate indication
of the hurnjdit\y level of the gases exiting the humidifier chamber. This has been experimentally
verified with a modular system substantially similar to that of Figure 2. Data was measured over
a full range of flow rates, from approximately 15 litres/minute to approximately 45 litres/ minute.
The chamber outlet temperature and the dew point at the chamber outlet formed part of the
measured data. The data was measured for one substantially constant ambient temperature
(although this was also measured throughout the test to remove uncertainty). The data collected
is shown graphically in Figure 8a and Figure 8b, which show flow rate on the Y-axis against time
on the X-axis. In the graph of Figure 8a, the data was gathered for conditions of higil ambient
temperature. The measured flow rates are shown on the graph by the points 801. Line 802
shows the ambient temperature. Line 803 shows the measured chamber outlet temperature.

Line 804a shows the measured dew point (T'd measured). Line 805a shows the displayed dew
point (Td displayed). As can be seen, the ambient temperature remains substantially the same
(increasing slightly with time). The chamber outlet temperature changes from 39°C to 41°C. The
actual measured outlet dew point fluctuates around a substantially constant level. However, these
fluctuations or variations mostly occur during flow transitions. The displayed dew point remains

constant for the entire flow range.

Figure 8b shows a similar graph to Figure 8a, but for conditions of low ambient
temperature (that is, 18 — 20°C) and flow rates over the range 45 - 15 Litres/min. The chamber
outlet temperature is not displayed as it is very close to dew point. It should be noted that in the
preferred form, dew point is displayed when the temperature reaches 30°C only. Patients should
not use the humidifier when humidity is too low. It can be seen that ambient temperature
oscillations have caused transient behaviour fo appeart in the measured dew point. However,
despite this, the displayed dew point (T'd displayed) as shown by line 805b can be seen to be
‘tracking’ the actual dew point (Td measured as shown by line 804b) very consistently. It should
be noted that at 12 minutes, the flow rate was turned briefly from 45 Litres/min to 15
Litres/min, causing a small overshoot, as can be seen on the graph of Figure 8b. At high flows
of 45 - 40 Litres/min, the heater plate could not maintain the targeted temperature and the

humidity output was lower than Td 37 °C. This is reflected in the displayed dew point.

Further preferred variations and embodiments will now be described, which add to the

improved control of the gases characteristics.
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FURTHER ALTERNATIVE SENSOR LAYOUTS

In a variant of the apparatus and method outlined above, the system (system 1 or system

100 or system 200) also has additional sensors as outlined below.

1) A patient end temperature sensor 15 (or 115 or 215) is located at the patient end
of the delivery conduit 6 (or alternatively in or on the interface 7). That is, at or close to the
patient or point of delivery. When read in this specification, ‘patient end’ or ‘user end’ should be
taken to mean either close to the user end of the delivery conduit (e.g. delivery conduit 6), or in
or on the patient interface 7. This applies unless a specific location is otherwise stated. In either
configuration, patient end temperature sensor 15 can be considered to be at or close to the user
or patient 2. The reading from the patient end temperature sensor 15 is fed back to the
controller 8 and is used to ensure that the temperature of the gases at the point of delivery
substantially matches the target patient temperature of the gases at the chamber exit (the target
patient temperature is the target dew point temperature at the chamber exit). If the reading from
the patient end temperature sensor 15 indicates that the gases temperature is dropping as it
travels the length of the delivery conduit 6, then the controller 8 can increase the power to the
conduit heater wire (shown as wire 75 on figure 2a — not shown but present in the alternative
preferred forms of breathing assistance system 200 and 400 shown in Figures 3 and 4, and the
systemn shown in Figute 2b) to maintain the gases temperature. If the power available to the
conduit heater wire 75 is not capable of allowing the gases at the point of delivery to equal the
dew point temperature at the chamber exit 9 then the controller 8 lowers the target chamber exit
temperature (to lower the dew point temperature). The controller 8 lowers the chamber exit
tempetrature to a level at or close to the maximum gases temperature the conduit heater wire 1s
able to deliver to the patient as measured by the patient end temperature sensor 15. The
controller 8 is loaded with a predetermined data set, and adjusts the power to the heater plate, or
the conduit heater wire, ot both, by using this data (which is similar to that shown in graphical
form in Figure 5). For a constant flow level and for a measured ambient temperature as
measured by ambient temperature sensor 60 (which may change), there is an ideal patient end
temperature. The céntroller 8 adjusts the power output or outputs of the heater plate and the
conduit to match the temperature at the patient end of the conduit (as measured by temperature

sensor 15) with this ideal temperature.

The above method can be further refined for accuracy if other conditions of the gases in
the system ate known — the gases conditions. For example, if the humidity level of the incoming

gases to the blower is known, or the gases pressure of the incoming gases. In order to achieve
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this, alternative embodiments of the systems 1, 100 and 200 described above can also have a
gases condition sensor located in the incoming gas path (e.g. 2 humidity sensor or a pressure
sensor). For the modular system 1, a humidity sensor 50 is shown located proximal to the
atmospheric inlet 40. For the integrated system 100, this is shown as humidity sensor 150 (and
so on). In a similar fashion to the control methods outlined above, the controller 8 is pre-loaded
with a humidity level data set. For a constant flow rate, and known ambient or external humidity
level, there is an ideal gases temperature at the chamber exit (or at the point of delivery to a user).
The data set contains these ideal values for a range of ambient humidities and flow rates, similar
to the values shown in graphical form in Figure 5. The controller 8 adjusts the power output of
the heater plate, or the heater wire, or both, to match the measﬁred chamber exit temperature (or
pétient end temperature) with the ‘ideal’ temperature retrieved from the datﬁ set in the memory
of the controller).In a similar manner, the above method can be refined for accuracy if the
pressure level of the incoming gases to the humidification chamber blower is known, locating a
pressure sensor in the incoming gas path to the humidification chamber (pressure sensor 80
shown in the incoming gases path in Figure 2 for the modular system. Pressure sensor 180 is
shown in the incoming gases path in Figure 3 for the integrated system. Pressure sensor 280 1s
shown in the incoming gases path in Figure 4 for the central gases source system). It should be
noted that if the data for the data set was plotted graphically for conditions of constant flow,
ambient temperature and another gases condition (e.g. humidity or pressure), the graphs would
be required to be plotted on three axes — X, Y and Z — the graphs would be ‘three-dimensional’

when plotted.

A further variation on the layout or construction of the breathing assistance system 1s as

outlined below:

It is intended in some embodiments that the gases exit the chamber at 41°C. As the gases
pass along the main delivery tube or conduit towards the interface, they are heated from 41°C at
the chamber exit to 44°C at the end of the main delivery hose 6. At the end of the main delivery
hose the gases enters a smaller secondary, unheated deh?ery hose - e.g. 6a as shown on Figure
2b. As they pass through the secondary hose 6a the gases cool from a temperature of 44°C, to
37°C as they enter the user interface 7. 37°C is considered to'be the optimum delivery

temperature for the patient.

A further refinement of the method outlined above, with or without the additional

sensors, will now be described.
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COMPENSATING FOR CONVECTIVE HEAT LOSS AND HEAT GAIN OF FLOW
GENERATORS

As outlined in the prior art section, one problem that is known in the art is that of
accurately controlling the output characteristics of a system when there are a large number of
variables which can affect the output characteristics. It has been found that one of the variables
that has an effect on the gases output characteristics 1s convective heat loss from the humidifier
chamber 5. This convection can be caused by natural factors such as temperature gradients in
the room — “natural or free convection” bor by forced movement of air — “forced convection”.
Forced convection could for example be caused by a ventilator or an air conditioner. Convection
cooling of the humidifier chamber can substantially affect the dew point temperature at the
humidifier chamber outlet. A flow of air over the outside surfaces of the hurrﬂchiﬁer chamber —
e.g. chamber 5 of system 1 — will cause the temperature inside the chamber to drop. In order to
compensate for this, more power is required at the heater plate to increase the temperature of the
contents of the chamber 5. The output temperature at the chamber outlet is measured by outlet
temperature sensor 63, and the temperature loss will be ‘seen’ by the controller 8 as it records a
drop in temperature at the chamber outlet. The controller 8 will increase the power to the heater
plate 12 to compensate for this (with a corresponding increase in heater plate temperature
measured by the heater plate temperature sensor 62). The effect of this increase in power is to
increase the heat transfer ratio from water to gas and the partial water pressure of gas inside the

chamber, and consequently there is an increase in the dew point temperature.

Evaporation of non-boiling water is governed by Low Mass Transfer Rate Theory and
mass (water) transfer airectly related to heat transfer. So the evaporation depends on the
temperature of the incoming gas (and less so on its humidity), temperature of water, flow and
pressute. Flow determines not only flow of gas over water but also the movement of water. For
example, stirring (forced convection) of water will increase the evaporation. The evaporation rate
is higher during a transition mode of a heater plate controller. The transition mode 1s
characterized by larger oscillations of temperature in the heater plz;te and likely causes an
increased turbulence (free convection) in water by raising the Nusselt numbér and its mass
transfer analogue the Sherwood number. This is more noticeable at high ambient temperature,
or more particularly under conditions where gases entering the humidifier are at a high
temperature, and when chamber outlet gas temperature is significantly higher than dew point.

Convective heat loss causes dew point to increase close to the temperature of the gas.
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Elevated chamber outlet temperature over dew point causes instability in the control
system. Any fluctuations of flow or convective heat loss will cause a quick increase in mass

(water) transfer and subsequently humidity of the gas. This instability is illustrated in Figure 8a

" where measured dew pdint (804) of the air at high ambient temperature cycles while measured

temperature at the chamber outlet (803) remains relatively stable.

This'is a typical problem of humidity output control in respiratory support devices that

have incorporated both a flow generator and humidifier (such as CPAP blower, BiPAP or non-

_invasive ventilators etc - see Figures 1, 2 and 3 for example) and have a typically targeted dew

point at 31 — 32 degrees, rather than dew point close to a body temperature of 37°C (high
humidity with dew point 37°C is typically used in high flow therapy and invasive ventilation).
The flow generator will cause the temperature at the chamber inlet to be increased above usual
ambient temperature (22 — 24°C) by several degrees. The inlet temperature may become very
close to or even exceed 31 - 32°C. Increased ambient (atmospheric) temperature significantly
aggravates the problem. The increased chamber inlet temperature requires air to be heated to
approximately 36 — 41°C or even higher (depending on the flow rate) to achieve a dew point of
31 — 32°C. The patients’ physiological breathing or mechanical ventilation may also affect flow in
the humidification chamber and as a result exposure time of air in the chamber. All these
conditions combine to produce variable humidity output at the chamber outlet. If the
humidification chamber is exposed to environment, which is usually the case for practicality, the

convection heat loss can also significantly alter the humidity output.

The convective heat loss (‘draft’) is created by airflows over and around the ventilation
equipment, and particulatly the humidifier chamber. This can be particularly significant in
designs where the chamber is at least partially exposed, particularly in ventilated spaces. The flow
velocities of the air vary in magnitude, direction and fluctuation frequency. Mean air velocities
from below 0.05 m/s up to 0.6 m/s, turbulence intensities from less than 10% up to 70%, and
frequency of velocity fluctuations as high as 2 Hz that contribute up to 90% of the measured

standard deviations of fluctuating velocity have been identified in the occupied zone of rooms.

The convective heat loss can also be estimated by measuring flow intensity or turbulence
intensity (or both) over the chamber. This can be achieved using thermal, laser or sonic
anemometty, with sensors mounted on the equipment (e.g. the humidifier base unit 21) so as to

measure the flow or turbulence intensity at or close to the humidifier chamber 5.

For precision humidity control, compensation for convective heat loss is desirable. This

compensation is made easier if the controller 8 has the advantage of a ‘convection compensation’
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data set or sets to rely on, or if the controller has the advantage of an alternative ‘convection
compensation’ method. ‘The controller could be programmed with a fuzzy-logic type rule-based

Sys tem.

The data set shown graphically in Figure 5 is calculated under conditions where there is
little to no convective heat loss. This data is suitable for use undet conditions where there is low
movement of the ambient air. In alternative forms, or variants of the apparatus and method
outlined above, the controller 8 will switch to using alternative data as input when the convective
heat loss reaches a certain level — for example, if the controller 8 notes a large step change in the
heater plate temperature as measured by the heater plate temperature sensor 62. For example,
the data will be used as input for a fuzzy logic control algorithm, a mathematical formula or

formulae, or similar.

Figure 6 shows part of the data for use if or when ambient conditions change during use
to a ‘high convection’ condition — if during use there is a flow of air over the apparatus, and in
particular the humidifier chamber, and as a consequence there is a change from a low convective
heat loss condition to a high convective heat loss condition. The alternate data of Figure 6 is
created in the same way as the table shown in Figure 5, but the pre-measured and pre-loaded
conditions (flow and ambient temperature) are for a system where at least the chamber 5 (or 105
ot 205) is experiencing a high level of convective heat loss. The target ternperaturé changes
accordingly. In Figure 6, part of the alternative data for use in a ‘high convective heat loss’
condjtion is shown. Two curves 501 and 502 are shown, representative of a steady flow rate of
15 litres/minute (501) and 45 litres/minute (502). A range of ambient temperatures (X;axis) and
a range of target chamber exit temperatures for a given steady flow rate and ambient temperature
are shown (Y-axis), in a similar manner to the data shown in Figure 5. For the purposes of
compatison, the two equivalent steady flow lines (15 litres/minute and 45 litres/ minute) from
Figure 5 are also shown on the graph as lines 503 (15 litres/minute) and 504 (45 litres/minute).
It can be seen that when the apparatus is subject to a ‘high-flow’ condition, the target chamber
outlet temperature as shown on the Y-axis is lower than when the apparatus is subject to a low-

draft’ or low level of convective heat loss condition.

Similarly, alternate rule sets can be calculated and pre-loaded into the controller 8. The
controller can switch between alternate fuzzy logic rule-sets depending on the ambient conditions
as measured or assessed by the method(s) outlined above — for example when the convective
heat loss reaches a certain level assessed by the controller 8 noting a large step change in the

heater plate temperature as measured by the heater plate temperature sensor 62.
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In order for the controller 8 to assess whether it should be using data representative of
low convective heat loss or high convective heat loss, an assessment of the heat loss 1s required.
In the preferred embodiment, this is calculated from the power required at the heater plate 12 to
maintain the correct chamber exit temperaturé. The controller 8 is pre—léaded with data values of
heater plate power for known ambient temperatures and flow rates (alternatively the controller
utilises fuzzy logic rule sets). The controller 8 assesses whether the humidifier chamber is
operating in a condition of high convective heat loss, or a condition of low convective heat loss,
and adjusts or alters it’s control output accordingly (e.g. by utilising the fuzzy logic rule sets to
change operating condition). The condition of ‘highest convective heat loss’ is defined as the
condition (fast moving air) when the controlled chamber outlet temperature is close to dew point
and further cooling of the chamber does not increase the humidity. ‘Low convective heat loss’ is
defined as the condition (still aif) when the controlled chamber outlet temperature is raised above

the dew point temperature. This is explained further below:

Normally the controller 8 uses an algorithm or rule set of ‘low convective heat loss’ (still
air, or low convective heat loss). When the chamber 5 is cooled from outside by convection
(‘high convective heat loss’) the humidity output will increase. The target chamber outlet
temperature for the method outlined above (i.e. using the data shown in Figure 5) uses look up
table data (or a rule set) that corresponds to a heater plate temperature range and/or duty cycle of
the heater plate. The controller 8 will switch to daéa representative of ‘high convective heat loss’
if a target value of the chamber gas outlet temperature is reached and the corresponding heater
plate temperature is higher than a set limit for a given time period (this change could also be
incorporated as one of the rules in a fuzzy logic rule set). It should be noted that if a system 1s
used that does not have a heater plate temperature sensor, the heater plate power duty cycle can
be used instead of the heater plate temperature to calculate the switchover point — that is, if a
target chamber gas outlet temperature is reached and the po{ver drawn by said heater plate 1s

higher than a set value for a given time period.

The controller 8 will decrease the target chamber gas outlet temperature by an

appropriate value.

Example: In the preferred embodiment, for the system 100 of Figure 3, if a target value
of 39.5 °C of the chamber gas outlet temperature is reached and the corresponding heater plate
temperature (ot calculated power) is higher than 60 — 65°C for five minutes, the controller 8 will

determine a control output that decreases the target chamber gas outlet temperature by 0.25°C.
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This new value also has a new corresponding heater plate temperature and/or duty cycle
(i.e. chamber gas outlet temperature 38.4°C and heated plate temperature 87°C). So, the targeted
dew point temperature is titrated until it has proper corresponding heated plate temperature (by a
fuzzy logic algorithm in the controller 8). If the heater plate temperature is significantly higher
than the corresponding chamber gas outlet temperature then the new targeted value is
approached quicker. For example, if the heater plate temperature is more than 10°C higher then
the new targeted value is reached in less time (i.e. 0.5°C lower) etc. This drop of the targeted
chamber gas outlet temperature may vary according to flow and/or ambient/gas chamber inlet
temperature. For example, at a flow rate of 45 Litres/minute and an ambient temperature of
23°C this drop can be of 0.1°C for every 5°C of heater plate temperature. At an ambient
temperature 30°C it can be 0.7°C for every 5°C of the heater plate temperature. Moreover, the

drop of the target temperature can be non-linear.

In alternative embodirnents,-the heater plate temperature, the heater plate duty cycle, the
heater plate power, the duty cycle of the heated tube, or the heated tube power can be used for
estimation of the convective heat losses. The heated tube has a larger surface area and will

therefore react quicker to convectton changes.

The same principle as outlined above 1s applied in reverse when the convective heat loss
is decteasing after it has increased. Time limits and steps of the chamber gas outlet temperature

increase or decrease may vary.

The displayed dew point can be corrected in a way that tracks actual dew point during the

transition time.

In other alternate embodiments, multiple sets of data can be used for different levels of

- convective heat loss, with the controller 8 using one, some or all of the data sets to determine the

control output for different convective heat loss ranges, for example by using fuzzy logic control

algorithms, mathematical formulae or similar.

In yet another alternative embodiment, the use of multiple data sets can be avoided by
using a single data set, and modifying the targét chamber outlet temperatures as follows. If the
flow rate, the ambient temperature and the heater plate power use or heater plate temperature are
knowﬁ, the target charnber outlet temperature can be modified according to the (known and
changing) level of heater plate power (or temperature) for any given ambient temperature and
flow rate. In this way, the level of ‘draft’ or convective heat loss, for example, can be calculated
from heater plate power used. The target chamber outlet temperature is modified to provide

accurate dew point control for a range of convective heat loss conditions, by applying a
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correction factor or correction algorithm to the data in e.g. the data set used to create the graphs
of Figure 5. For example, if using heater plate power, the calculation can be made as follows:
The required heater plate power for any given target chamber outlet temperature and flow rate
for low convective heat loss conditions is known, and these values are stored in the memory of
the controller 8. In use, the controller 8 receives data relating to the power used by the heater
plate, and compatres this to the stored data. If the measured data values and the stored data
values are not substantially similar (within +/- 2% in the preferred form), the controller applies
an inversely linear correction factor. For example, if the measured heater plate power is 10%
greater than the stored values (indicative of a high convective heat loss condition), the controller

decreases the target chamber outlet temperature by 10%.

1t should be no.ted that heater plafe temperature or any of the other methods outlined
above (e.g. heater plate temperature, conduit power, etc) could be used instead of the heater plate

power as outlined in the example above.

In a similar fashion, if one or more of the conditions of the gases is known, then a
correction algorithm or correction factor can be applied to the (ambient condition) data stored in
the memory of the controller 8. The ambient conditions under which the data was measured and
loaded are known (e.g. humidity and pressure). If the measured gases condition deviates from
these base line conditions by a certain percentage (e.g. more than 2%), then the controller can

apply a correction factor to the target chamber outlet temperature.

In the embodiments of a coupled blower and humidifier presented schematically in
Figures 1, 2 and 3, the chamber inlet temperature will usually be augmented with an increase of
flow, or pressure, 6r both, from a flow generator. A fuzzy logic algorithm or algorithms can be
used to define the corrected chamber inlet temperature according to ambient temperature or
chamber entry/inlet temperature, and motor speed. An increase in the motor speed is usually
accompanied by an increase of the chamber inlet temperature. Furthermore the known motor
speed can be used by the controller for defining humidity and temperature regimes according to a
known interface attached at the patient end of the delivery conduit. For example, the lower
motor speed associated with a mask interface (as opposed to a nasal cannula) can be used in the
algorithrﬁ to control humidity output from the system to an appropriate level for a mask. When
a mask is used, a dew point of 31°C is required. A small or large nasal-cannula, or a tracheostomy
fitting, require a dew point of 37°C. This is shown in Figure 12, which shows a graph of motor
speed for a number of example interfaces — a higher fan RPM is required for nasal cannula

applications, and a lower fan RPM is requited for mask applications. The RPM output of the
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motor can be kept more stable by using the control method outlined above. The experimental
results shown in Figure 12 demonstrate that humidity can be controlled to an appropriate level
for either a mask or a nasal cannula (which require different motor speeds, with the system
remaining stable and producing an approptiate humidity level at both high-speed and at low-
speed). The x-axis shows time in use (in seconds). The y-axis shows motor speed (RPM). Line

1201 shows the motor speed for the system in use with a small nasal cannula. Line 1202 shows

_the motor speed for the system in use with a large nasal cannula. Line 1203 shows the motor

speed for the system in use with a tracheostomy interface. Line 1204 shows the motor speed for

the system in use with a mask.

There are other potential ways in which the delayed ‘self heatiflg’ effect of the blower as it

gradually warms up or heats up during use can be compensated for.

Firstly, after a petiod of time of steady work (e.g. one hour, two hours, etc), the humidity
control algorithm can switch from using the chamber outlet temperature as a variable, to using

the heater plate temperature.

Secondly, a time component can be implemented in the control algorithm (e.g. after one

hour of work the target chamber outlet temperature can be increased by e.g. 0.5°C.

Thitdly, “the heat-up compensation factor” can be used. This factor can be calculated
using: time of work, duty cycle of heater, and heater plate temperature. If the duty cycle or heater
plate temperature changes over time, under conditions of steady flow rate and ambient
temperature, then this indicates that the air coming from the blower is becoming hotter with

time, and this has to be compensated for.
CONTROL FOR CONSTANT FLOW RATE

In the most preferred forms of the invention, the systems 1, 100 or 200 also have a flow
control system, which is adapted to control the flow through the system and keep this aligned as
closely as possible to the desired, user set, level. As outlined above, the flow and the humidity of
the gases in the system ate intetlinked. As outlined above, in prior art systems, it 1s normal for
the fan to be set to a constant speed, and it is assumed that the flow rate will remain substantially
constant if the fan speed remains constant, or that the pressure at the point of delivei‘y to the
patient is constant. However, the flow can be affected by changes in the system (which affects
the humidity), even if the power to the fan remains constant, or the fan speed remains constant.
This is especially true if the conduit, or intetface, or both, have a relatively low resistance to flow.

The difference or deviation between the magnitude of the measured or actual flow against the
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magnitude of the user-set flow can be characterised as a ‘large deviation’ or a ‘small deviation’. In
the preferred embodiment, the difference between the actual flow rate and the desired (user-set)
flow rate determines whether the controller 8 uses fine control or coarse control to match the

actual flow rate to the desired flow rate.

For example, in the preferred form of system 1, when the system is first turned on or
activated, it ‘warms up’ priot to use. As it warms up, the flow rate approaches the user set point.
A user will generally not be wearing their interface during the warm up period, and the interface
may not be connected to the delivery conduit. When a user puts their interface on, or connects
the interface to the conduit, the flow rate will decrease as the resistance to flow will increase.
This can cause a user discomfort. Other unwanted side effects can also occur — for example a
change in the concentration of oxygen delivered, or a change in the delivered humidity. The
change in' flow rate due to the increased resistance to flow will be large or a large proportion or
percentage of the overall flow rate, and can result in a large deviation of the measured flow from
the user set flow. Another example of a large flow deviation would be for example if the user
interface is changed or swapped e.g. from a full face mask to a nasal mask or a nasal cannula.
There will be a change in the flow rate that may be characterised as a large deviation from the
user set flow — the difference between the measured flow and the user set flow will be large.
Large deviations can also occur if e.g. small-bore nasal cannulas are swapped for large-bore

cannuias.

In contrast, there are changes to the flow rate through the system that can be
characterised as ‘small deviations’. Some examples of changes to the system which cause ‘small
deviations’ from the user-set flow rate are as follows: If the geometry of the delivery conduit
changes (e.g. if a user turns over in their sleep and alters the way the delivery conduit is flexed or
bent), then there will be a small relative or small change or percentage change in the flow rate,
and the deviation of the actual flow rate from the user set flow rate will also be small. Small
deviations from the user set flow may also occur for example if the position of the user interface

on the user’s face or in their nostrils changes.

For the purposes of this Speciﬁcation, a base flow rate is set as follows: by the user
defining the ‘user set flow rate’. The flow rate through the system is measured, continuously or

petiodically giving the ‘actual flow rate’ (e.g. via the flow probe 61). As long as the actual flow

- rate as measured matches the user set flow rate to within a predefined tolerance — e.g. 3

litres/minute, the controller 8 characterises the flow rate as within tolerance — that is, there 1s not

a ‘large deviation’ between the actual measured flow rate and user set flow rate. If the measured
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flow rate is different from the user-set flow rate by more than the predefined tolerance of 3

litres /minute or more from the set base ﬂbw rate, the controller 8 characterises this as a ‘large
deviation’ in a similar manner to that outlined above. In contrast, if there is a difference between
the measured flow rate and the user-set flow rate that is smaller than 3 litres/minute, this is
characterised as a small deviation. It should also be noted that in alternative embodiments, the
controller could work from a percentage deviation from the user set flow rate, rather than an

empirical change such as the 3 litres/minute of the preferred embodiment described above.

In the preferred embodiment, the control system or control algorithm loaded mto the
controller 8 is designed to switch between coarse control and fine control, depending on whether
there has been a large deviation or a small deviation. If the controller ‘sees’ a large deviation or a
step change in the flow rate, it uses coarse control parameters to restore the flow rate to the rate
set by a user. If the flow rate is changing slowly, or if there is a small deviation in the flow rate,

the controller 8 uses fine control parameters to adjust the flow rate.

To avoid system or measurement deviations associated with noise or with a patient
breathing on the system triggering coarse control, the actual measured flow used is an average
flow calculated over a period of time greater than-a few breath periods, rather than the

instantaneously measured flow.

A pre-loaded control system or systems (or a control algorithm or algorithms, or fuzzy
logic rule set) which is incorporated as part of the controller 8, and which acts on the system 1
(ot 100, or 200) to smooth the flow rate with the aim of d.elivering constant flow to a user
undergoing humidification therapy is useful as it allows the flow to be set, and known. The flow
1s independent _of the interface being used, the fit of the interface on a user, and the depth of the
users breathing. This is particularly useful if a user is undergoing O;,_ therapy for example by
using the system 200. If the flow of O, provided by e.g. a central gases supply (provided to the
humidifier chamber via a wall inlet and conduit) is known (measured by the flow probe), and the
flow rate from a separate atmospheric supply is known (either measured by a separate flow
probe, or calculated from the system dimensions (e.g. the venturi dimensions) and the measured
flow rate, using an algorithm in thé controller), then a look-up table loaded in the controller 208
can calculate the O, fraction in the blended humidified air. For example, the difference in aitflow
between a cannula interface and a trachea interface is typically 5 litres/minute or greater for the
same user. If the separate flow rates from atmosphere and the central supply are known, the O,
fraction can be set via user controls 11 to known values for either of these interfaces without the

need for an O, sensor. Also, by having a system that has a flow sensor which feeds back to the
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controller 208 and which sets the flow irrespective of the interface or breathing pattern of the
patient, the humidity can be precisely controlled as outlined herein. Therefore, with a preset flow
the breathing assistance system can deliver precise oxygen fractions and humidity without the
need for an oxygen sensor or humidity sensor. Precise flow control enables precise delivery of
blended oxygen. Precise flow control also enables precise control of the humidity levels in the

gases (for example blended oxygen) delivered to the patient.

A schematic diagram showing the operation of a control system 300 is shown in Figure 9.
In the preferred form, the controller 8 (or 108 or 208) is loaded with a control system 300. The
controller 8 uses P.I.D. control algorithms from a P.LD. filter 313 as the coatse control
parameters or large deviation control parameters. In the filter 313, the ‘P’ or proportional part 1s
shown as 301, the ‘I’ or integral part is shpwn as 302, and the ‘D’ or dernivative part is shown as
303. In the control sub-system or algorithm, the fan unit 13 is shown, with the flow probe 61
shown downs&eam of the fan unit 13. User input from the controls 11 is shown as arrow 304.
A feedback signal 307a is shown from the output of the control system or sub-system back to the
front or input end, to be fed into the filter 313 along with a signal indicative of user set flow rate
— user input 304 (it should be noted that when the phrase ‘user set flow rate’ is used in this
specification, it can be taken to mean the user input signal 304). Arrow 311 shows the input into
the fan unit 13, which is the output or signal from the P.I.D. filter 313 (either large deviation

control filter 313a or small deviation control filter 313b).

It can be seen from Figure 9 that the filter 313 is divided into a ‘large deviation control
filter’ (313a) and a ‘small deviation control filter’ (313b). The controller 8 switches between the

two filters depending on the parameters outlined above.

It should be noted that the coarse flow control or ‘large deviation’ control can be
achieved by using heater plate temperature, or tube temperature, or both, as the input. If the
temperature changes above a certain rate of change (a large deviation), then the controller
initiates coarse control. The controller could also use the power or duty cycle of the heater plate
or heater wite (or both), and the using a look-up table, formula or fuzzy logic algorithm. (this
flow control can be used as a stand alone or as a back-up control system). It may not be accurate
enough for oxygen therapy but can be potentially implemented in surgical humidification or high
flow thérapy (without O2).

Also data from the oxygen sensor (air entiched with O2) can be used as an input for fuzzy logic

of flow control (change of O2% may reflect flow change)
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The flow control method and system described above can be further refined to control

the flow rate during the inspiration-expiration cycle, as described below.
Intra-breath control.

The flow control method described above addresses average flow — i.e. mean flow over a
time period greater than that of a number of breathing cycles (e.g. three or more inspiration-
expiration cycles). There is a need for the implementation of a control system for maintaining
constant flow over the course of a breath (inspiration/expiration). A preferred manner in which

this could be implemented is described below.

Flow through the conduit will vary as a patient inhales and exhales (i.e. over the course of
a single breath or breathing cycle). The percentage amount by which the flow will vary over the
course of a breath depends on a number of factors — for example the resistance of the
tube/interface combination, the leak or seal around the cannula in the nares and the size of the
breath taken. A very high resistanée conduit and cannula combination is unlikely to need a
control system for maintaining constant flow over the course of a breath. However, a low
resistance interface such as a nasal cannula for use with the system 1, 100, or 200 is more likely to

need a control system — the variation in the flow can be relatively large.

In some circumstances flow variation may actually be beneficial — it may reduce the work
required by a user to breathe, and may be more comfortable for a user as the pressure at the nose
during expiration is lower than it would otherwise be for a constant flow device. In other
circumstances it may be beneficial to have a more constant flow through the tube. This will give
a greater pressure during expiration and cause higher PEEP. This is useful and advantageous for
treating some tespiratory ailments. For a relatively low resistance tube (and low back pressure of
the blower) the change in flow between inspiration and expiration can be relatively large, for
example 5I./min or more. The change will be greater when the user set flow is relatively low.
Controlling flow during breathing is generally more difficult than controlling average flow. This
is because the time resp(;nse of the motor used as part of the blower unit 13 is often comparable
to breath rate. Care needs to be taken to ensure that the breathing system such as the breathing
assistance system 1 will be stable at all operating conditions, but maintains a sufficiently fast
response. This is done by careful choice of the control parameters. For example if a P.1.D.

system is used the P, I and D gains must be set very carefully.

The intra-breath control method is implemented in the preferred form as follows, with

reference to Figure 10a.
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Firstly, the flow is sampled at a rate that allows intra breath variations to be picked up. In
the preferred embodiment, this sample rate is in the region of 25Hz (e.g. 20-30 Hz — that is, the
flow rate is measured by the flow probe 61 (or 161 ot 261) between 20 and 30 times per second).
The flow probe 61 used in the preferred form of breathing assistance system 1 must be able to
respond to changes sufficiently quickly to achieve this response. As outlined above, P.L.D.
control algorithms are pre-loaded for use in the controller 8. A problem with the ‘D’ or

Derivative term 303a or 303b is that small amounts of measurement or process noise can cause

" large amounts of change in the output. In the prefetred form of the present invention, in order

to ensure the response is sufficiently rapid, this filter is not present. Alternatively, as shown in
Figure 10a, a low pass filter 321 with cut-off frequency high enough to allow intra-breath flow
variation to pass unattenuated or nearly unattenuated is used. This increases the response time of
the fine control system so that both the average and the intra breath variation will be
compensated for. Care needs to be taken to ensure that the parameters of the control filter are
chosen to ensure unwanted effects such as overshoot and oscillation that will cause the user

discomfort do not occur over the entire range of flows used and for all patient interfaces used.

The system could also be used without the filter 321 present. However, removing this
filter may require the use of a more accurate flow sensor. The gains used will have to be kept
small enough to make sure that the noise does not adversely affect behaviour — this may result in

a performance that is not ideal, e.g. the flow may not be as constant as one would like.

As outlined above, the controller 8 uses either fine or coarse control by constantly
receiving input from the flow probe 61, which samples the flow rate between 20 and 30 times per
second in the preferred embodiment. The instantaneous flow 1s used to calculate the average
flow over a period of time greater than a few breath cycles using e.g. a low pass filter 320 which 1s
used to calculate the deviation of the average flow from the user-set or desired flow. In the
preferred embodiment, if the measﬁred average flow is different by a preset value of e.g. greater
than 3 Litres/minute from the user-set or desired flow rate, then the controller 8 uses coarse
control parameters or ‘large flow deviations’ 313a to adjusf the flow rate to the user-set level. If
the average flow rate deviates from the average by a proportion of 15 %, or more than 3
litres/minute, then the controller 8 or 108 initiates coarse control. Otherwise, fine control or

small flow deviations 313b ate used.

In order to ensure that stable operation is maintained during coarse control the average
flow obtained using the output of filter 320 can be fed back into the controller rather than the

instantaneous measuted flow shown in Figure 10a.
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In a vatiant or second preferred form or embodiment, the controller 8 compensates for
flow variation resulting from the breathing cycle by passing the signal 307a (the signal indicative
of actual flow rate) in parallel through a low pass filter 308 and a high pass filter 309, as shown in
Figure 10b. The low pass filter produces an output signal 307b. The high pass filter 309
produces an output signal 315 that feeds back to a compensation filter 306. The output signal
311 from the P.I.D controller and the output signal 312a from the compensation filter 306 1s
used to control the speed of the fan in the fan unit 13. This has the advantage of allowing the
P.LD. filter 313 for the average to be set iqdependendy of the intra-breath control filter. This

makes it easier to design a stable and robust control system.

The dual feedback loops shown in Figure 10b allow sepatate P.1.D. gains, so that average
and intra breath flow can be controlled. The decision as to whether to use fine or coarse control
for the adjustment of the mean flow is made by examining the deviation of the output of the low

pass filter, 307b, from the user set flow as described previously.

Yet another difficulty which is encountered with prior art systems, is that the breathing
assistance system is a nonlinear system - the open loop gain to the system varies with the state of
the breathing assistance system. That is, a given change in blower pressure or motor speed will
produce a change in the flow rate that depends on the current state of the breathing assistance
system. For example if thé blower unit 3 is operating at a high flow rate condition, and the
overall flow rate changes by a certain arﬁount because the user exhales, the change in pressure or
motor speed required to compensate for this change will be different than it would be if the
blower unit 3 was operating at a low flow rate. This can cause problems with stability, and it is
possible for ptior art control systems to become unstable at some flow values or motor speeds.
Also it is possible that the response time may become too slow to adequately compensate for
intra-breath variation. This can be a particularly problematic in a system where the response time
is similar to that of the disturbance, for example in systems where rate of flow variation is similar

to the time response of the fan unit 13.

There are a variety of different controllers that can be modified to help overcome these
effects. One way is to use a controller with a control filter with parameters that vary as a
function of the state of the system. For example, if a P.ID. controller is used the P,  and D
parameters may not be constant but a function of the average (or even instantaneous) flow, or

blower pressure or motor speed or of the user set flow.

Figure 11 shows a schematic diagram of how this might be achieved. The control system is the

same as that shown in Figure 10 and as described above, but with the addition of a feedback
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signal 316 from the flow generator or fan unit 13 to the compensation filter 306. The input
signal to the fan unit 13 in this variant will therefore be the output signal 311 from the P.I.D.
filter 313, and the signal 312b from the compensation filter 306.
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We Claim:

1. A breathing assistance system for delivering a flow of gases to a user for
therapeutic purposcs, comprising;

a humidifier unit that has an inlet port and an exit port, said humidificr unit
adapted to it use receive said flow of gases from a gases source via said inlet port,
said humidifier unit further adapted to hold and heat a volume of water in use, in use
said flow of gascs passing through said humidifier unit and becoming heated and
humidified, said heated and humidified Qow of gascs cxiting said humidifier unit via
said humidifier unit exit port,

an ¢xit port temperature sensor adapted to measure the temperature of said
flow of gascs ¢xiting said humidifier unit,

an ambicnt temperature sensor adapted to measure the temperature of said
flow of gases at a point before said gases enter said humidifier unit,

a flow sensor adapted to measure the actual flow rate of said flow of gases
through said system, and

a controller adapted to:

receive data from said ambient temperature sensor relating 1o the measured
temperature, data from said exit port temperature sensor relating to the measured
temperature, and data from said flow scnsor relating to said actual flow rate,

determing a target temperature for said flow of gases passing through said exit
port based on at least the data from said ambient temperature sensor and said flow
SCRsor,

compare said target temperature to data from said exit port temperature sensor
relating 1o the measured temperature ol said {low of gases, and

adjust the power to said humidifier unit to achieve said target temperature for

said flow of gases passing through said humidifier unit exit port.

2. The breathing assistance system as ¢laimed in claim 1 wherein said targel

temperature is determined from a rule-based system loaded in said controller.

3. The breathing assistance system as claimed in claim 1 wherein said target
temperature is determined from at least one mathematical formula loaded in said

controller.
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4, The breathing assistance system as claimed in claim | wherein said target

temperature is determined from a look-up table loaded in said controller.

5 The breathing assistance system as claimed in claim | wherein achieving said
targel temperature achieves a target dew point temperature at said humidifier unit exit

port.

6. The breathing assislance system as ¢laimed in claim 5 wherein said target dew

point temperature is in the range of 31 — 39°C.

7. The breathing assistance system as claimed in claim 5 or claim 6 whercin said
target dew point temperature provides an absolute humidity level of substantially

44mg HxO / litre of air.

8. The breathing assistance system as claimed in any onc of claims 1 to 7
wherein achicving said target temperature achieves a target absolute humidity at said

humidificr unit exit port,

9. The breathing assistance system as claimed in any one of claims 1 10 &
wherein achieving said larget tcmperature achieves a target relative humidity at said

humidifier unit exit port.

10. The breathing assistance system as claimed in any one of claims 1 to 9
wherein said breathing assistance system also has user controls adapted to enable a

user to set a desired user set flow rate of said flow of gases through said system.

1. The breathing assistance system as claimed in claim 10 wherein said breathing
assistance apparatus further comprises a control unit adapted to in use receive a flow
of gases from a remote central source, said control unit located in a path of the flow of
gascs between said central source and said humidifier unit, said control unit receiving
suid flow of gascs and passing said flow on to said humidificr unit via a gases
connection path between said humidifier unit and said control unit, said usct controls

adapled Lo cnable a user to set a desired user set flow rate through said control unit.

12. The breathing assistance system as claimed in ¢laim 11 wherein said control
unit further comprises a venturi adapted to mix said flow of gases from said central

source with atmospheric gases before passing these to said humidifier unit,
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13.  The breathing assistance system as claimed in claim 10 whergin said gases
source is a blower unit fluidically connected in use to said humidificr unit, said
blower unit having an adjustable, variable specd fan unit adapted to deliver said tlow
of gases over a range of flow rates to said humidifier unit and user controls adapted to
enablc a user to sct a desired user set flow rate, said controller adapted to control the

power to said blower unit to produce said user sct flow rate.

14.  The breathing assistance system as claimed in any onc of claims 1 to 13
wherein said humidifier unit is a humidifier chamber having a heater base, and said
breathing assistance system further has a heater plate adapted to heat the contents of
said humidifier chamber by providing heat cnergy to said heater base,

said breathing assistance system further having a heater plate temperature
scnsor adapted to measure the temperature of said heater plate and provide this
lemperature measurement to said controller, said controller determining said target
temperature by asscssing all of said measured temperatures and said measured flow

rate.

15. The breathing assistance system as claimed in claim 14 wherein if the target
temperature is achicved at said humidifier unit exit port and the corresponding heater
plate temperature is higher than a set value stored in the memory of said controller for
a given pre-set time period, said controller assesses that said humidifier unit is
experiencing high convective heat loss and determines said target temperature

according to an altered or different rule set, mathematical formula or look-up table.

16.  The breathing assistance system as claimed in claim 14 wherein said controller
is turther adapted to measure the power drawn by said heater plate for a given pre-set
time period and if the power drawn (s higher than a value stored in the memory of
said controller, said controller assesses that said humidifier unit is experiencing high
convective heat loss and determines said target temperature according to an altered or

different control algorithm, mathematical formula or look-up table.

17, The breathing assistance system as claimed in claim 14 wherein said controller
is further adapicd to measure the power drawn by said heater plate for a given pre-sct

lime period and compare this to a pre-stored set of values stored in the memory of
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said controller, said controller applying an inversely linear correction factor if the

measured power drawn is not substantially similar to said pre-stored set of valucs.

18. The breathing assistance system as claimed in claim 17 wherein said controller
applies an inversely lincar correction factor if the measured power drawn values and

said pre-stored data values are not within +/- 2%.

19. The breathing assistance system as claimed in any one of claims | to 18
whetein said ambient temperature sensor is located at or proximal to said inlet port to

measure the temperature of gases substantially as they enter said humidifier unit,

20.  The breathing assistance system as claimed in any one of claims 1 to 19
wherein said ambicnt temperature sensor is adapted to measure the pre-entry
temperature of pases substantially as they enter said breathing assistance system, said

controller applying a correction factor to said pre-entry tlemperature.

21, A breathing assistance system for delivering a flow of gases to a patient for
therapeutic purposes, comprising:

a humidifier unit comprising an inlet port and an exit port, said humidifier unit
adapted to hold and heat a volume of water, in use said flow of gascs entering said
humiditier unit via said inlet port from a gases source, passing through said humidifier
unit and becoming heated and humidified, and exiting said humidificr unit via said
exit port,

a conduit adapted to deliver said flow of gases from said exit port to said
patient via a patient interface, said conduit comprising a heater wire adapted to heat
said flow of gases within said conduit,

a patient end temperature sensor adapted to measure a patient end temperature
of said flow of gascs at or close to said patient,

a flow probe adapted 1o measure a flow rate of said tlow of gases through said
breathing assistance system,

an ambient temperature sensor adapled to measure a temperature of said flow
of gases al a point before said flow of pases enters said humidifier unit, and

a controller adapted to receive data relating to said patient end tcmpcraturc

mcasured by sald patient end temperature sensor, data relating to sald temperature
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measurcd by said ambient temperature sensor, and data relating to said flow rate
measured by said flow probe, said controller further adapted to:

determine a patient end target temperature based at least in part on said data
relating to said temperature measured by said ambient temperature sensor and said
data relating Lo said flow rate mcasured by said flow probe,

provide a control output in use to adjust power delivered to at least said heater
wire to cause said patient end temperature measured by said patient end temperature
sensor to match the patient end target temperature to achieve a desired temperature of

said flow of gases at said patient interface.

22, The breathing assistance system according to claim 21 wherein said control
output in use adjusts the power to at least said heater wire to achieve a desired

absolute humidity at said patient interface.

23. The breathing assistance system as claimed in any one of claims 21 to 22,
wherein said controller is further adapted to determine said control output based at

least in part on a rule-based system loaded in a memory of said controller.

24, The breathing assistance system as claimed in any one of claims 21 to 23,
wherein said controller is further adapted to determine said control output based at
least in part on at least one mathematical formula loaded in a memory of said

controller,

25. The breathing assistance system as claimed in any one of elaims 21 1o 24,
wherein said controller is further adapted to determine said control output based at

least in part on a look-up table loaded in a memory of said controller.

26. The breathing assistance system as claimed in claim 22, wherein said desired

absolute humidity comprises a user set target dew point temperature,

27.  The breathing assistance system as ¢laimed in any one of claims 21 to 26,

wherein said target temperature is in the range 31 - 38°C.

28. The breathing assistance system as claimed in claim 26, wherein said user set
target dew point temperature relates to an absolute humidity level of substantially

44mg HaO / litre of air.
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29, The breathing assistance system as claimed in any one of claims 21 to 28,
wherein said ambient temperature sensor is located at or close o said inlet port 1o
measure a temperaturc of said flow of gases substantially as it enters said humidificr

unit.

30.  The breathing assistance system as claimed in any one of ¢laims 21 to 29,
further comprising an ¢xit port temperature sensor adapted to measure a temperature
of said flow of gascs substantially as it exits said humidifier unit, said controller
[urther adapted to receive data relating to said temperature measured by said exit port
temperature sensor, said controller further adapted to determine said control output
based at least in part on said data relating to said temperature measured by said exit

port temperature sensor,

31.  The breathing assistance system as claimed in any one of claims 21 to 30,
wherein said breathing assistance system also has a humidity scnsor adapted to
measure the humidity of atmospheric gases entering said breathing assistance system,
said controller receiving data relating to the meuasured humidity, said controller
determining said control output by also using said data relating to the mcasured

humidity.

32.  The breathing assistance system as claimed in any one of ¢laims 21 to 31,
turther comprising a pressure sensor adapted to measure a pressure of atmospheric
gases entering said breathing assistance system, said controller further adapted 10
receive data relating 1o said pressure measured by said pressure scnsor, said controller
further adapted to determine said control output based at least in part on said data

relating to said pressure measured by said pressure sensor.

33, The breathing assistance system as claimed in any one of claims 21 to 32, -
further comprising a control unit located in a gases tlow path between a central gases
source and said humidifier unit, said control unit adapted to receive said tlow of gases
[rom said central gascs source and to deliver said flow of gases to said humidifier
unit, said control unit comprising user controls adapled to cnablc a usecr to set a

desired user set flow rate.
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34, The breathing assistance system as claimed in claim 33, further comprising a
venturi adapted to mix said flow of gases received from said central gases source with

atmospheric gases before delivering said flow of gases to said humidifier unit.

35, The breathing assistance system as claimed in any one of claims 21 to 34,
wherein said gasces source comprises a blower unit fluidically connected in use to said
humidifier unit, said blower unit comprising an adjustable, variable speed fan unit
adapted to deliver said flow of gascs over a range of flow rates to said humidifier unit,
said blower unit further comprising user controls adapted to enable a user to seta
desired user set tlow rate, said control output in use also adjusting power delivered to

at least said blower unit to produce said uscr sct flow rate.

36. The breathing assistance system as claimed in any one ol claims 21 to 35,
whercin said control output is determined using an algorithm and the controller is
further adapted to asscss that said humidifier unit is expericncing high convective heat
loss and thereby determine said contro! output using a different algorithm when said
power delivered to said heater wire meets or exceeds a preset threshold power level
for a preset time period, said preset threshold power level and said preset time period

stored in a2 memory of said controller.

37. The breathing system as claimed in any one of ¢laims 21 to 36 wherein the
paticnt end temperature sensor is located at or close to the paticnt end of the conduil
and at the end of the conduit the gases enter a smaller secondary unheated delivery

hose.

38. A breathing assistance system for delivering a stream of heated, humidified
gases to a user for therapeutic purposes, comprising; a humidifier unit that has an inlet
port and an exit port, said humidificr unit adapted to in usc receive a flow of gases
from a gases source via said inlet port, said humidifier unit further adapted to hold and
heat a volume of water in use, in use said [low ol gases passing through said
humidifier unit and becoming heated and humidified, said heated humidificd gascs
exiting said humidifier unit via said humidifier unit exit port, an exit port temperature
sensor adapled Lo measure the temperature of gases exiting said humidificr unit, an
ambicnt temperature scnsor adapted to measure the temperature of gascs at a point

before said gases enter said humidifier unit, a flow sensor adapted to measure the
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actual flow rate of said gascs strcam through said system, a controtler adapted to
receive data from said ambient temperature scnsor relating to the measured
temperature, data from said exit port terperature scisor relating to the measured
temperature, and data from said flow sensor relating 1o said actual flow rate, said
controller determining a control output in response, said control output adjusting the
power to said humidifier unit to achieve a desired output at said humidifier unit exit

port.

39, The breathing assistance system as claimed in claim 38 wherein said control
output relates to a target temperature at said exit port [or a given flow level, and said
desired output is a target temperature, said control output adjusting said power to said
humidifier unit to match said measured temperature at said exil port with said target

wemperature.

40,  The breathing assistance system as claimed in any one of claims 38 to 39
wherein said control output is determined from a rule-based system loaded in said

controller,

41.  The breathing assistance system as claimed in any one of claims 38 to 39
wherein suid control output is determined from at least one mathematical formula

loaded in said controller.

42, The breathing assistance system as claimed in any one of claims 38 to 39
wherein $aid control output is determined from a look-up table loaded in said

controller.

43, The breathing assistance system as ¢laimed in any one of claims 38 to 42

wherein said desired output is a target dew point temperature.

44,  The breathing assistance system as ¢laimed in claim 43 wherein said target

dew point temperature is in the range 31 - 39°C,

435, The breathing assistance system as claimed in claim 43 or claim 44 wherein
said usecr sct target dew point temperature provides an absolute humidity level of

substantially 44mg H0 / litre of air.
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46,  The breathing assistance system as ¢laimed in claim 38 wherein said desired

output is a target absolute humidity.

47,  The breathing assistance system as claimed in claim 38 wherein said desiced

output is a target temperature and relative humidity.

48.  The breathing assistance system as claimed in any one of claims 38 to 47
wherein said breathing assistance system also has user controls adapted Lo enable a

user to set a desired user set flow rate of gascs through said system.

49,  The breathing assistance system as claimed in any one of claims 38 1o 48
wherein said breathing assistance apparatus further comprises a control unit adapted
to in use receive a flow of gases from a remote central source, said control unit
located in the gases path between said central source and said humidifier unit, said
control unit receiving said flow of gases and passing said flow on to said humidilier
unit via a gases connection path between said humidifier unit and said control unit,
said user controls adapted to cnable a user to sct a desired user set flow rate through

said control unit,

50.  The breathing assistance system as claimed in claim 49 wherein said control
unit further comprises a venturi adapted to mix said flow of gases from said central

source with atmospheric gases before passing these to said humidifier unit.

51.  The breathing assistance system as ¢laimed in any one of ¢laims 38 to 48
wherein said gases source is a blower unit fluidically connected in use to said
humidifier unit, said blower unit having an adjustable, vartable speed fan unit adapted
to deliver said flow of gases over a range of flow rates to said humidifier unit and user
controls adapted to enable a user to set a desired user set flow rate, said controller

adapted to control the power to said blower unit to produce said user sct flow rate.

52, The breathing assistance system as ¢laimed in any onc of ¢laims 38 to 51
wherein sald humidifier unit is a humidifier chamber having a heater base, and said
breathing assistanee system further has a heater plate adapted to heat the contents of
said humidifier chamber by providing heat energy 1o said heater base, said breathing
assistance system further having a heater plate temperature sensor adapted to measure

the temperature of said heater plate and provide this temperature measurement to said
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controller, said controller determining said control output by assessing all of said

measured temperatures and said mcasured flow rate,

53.  The breathing assistance system as claimed in claim 52 wherein if a target
value of said chamber gases outlet temperature is reached and the corresponding
heater plate temperature is higher than a set value stored in the memory of said
controller for a given pre-set time period, said controller assesses that said humidifier
unit is experiencing high convective heat loss and determines said control output

according to an altered or different rule sct, mathematical formula or look-up table.

54,  The breathing assistance system as claimed in claim 52 or claim 53 wherein
said controller is further adapted to measure the power drawn by said heater plate for
a given pre-set time period and it the power drawn is higher than a value stored in the
memory of said controller, said controller assesses that said humidifier unit is
expericneing high convective heat loss and determines said control output according

to an altered or different control algorithm, mathematical formula or look-up table.

53, The breathing assistance system as claimed in claim 52 or ¢laim 33 wherein
said controller is further adapted to measure the power drawn by said heater plate for
a given pre-set Lime period and compare this to a pre-stored set of values stored in the
memory of said controller, said controller applying an inversely linear correction
[actor if the measured power drawn is not substantially similar to said pre-stored sct

of values,

56.  The breathing assistance apparatus as claimed in claim 35 wherein said

measured dala values and said stored data valuces must be within +/- 2%.

57. The breathing assistance system as claimed in any ong of claims 38 10 56
wherein said ambient temperature sensor is located al or close 1o said inlet port to

measure the temperature of gases substantially as they enter said humidifier unit.

38.  The breathing assistance system as claimed in any one of claims 38 to 57
wherein said ambicnt temperature sensor is adapted to measure the pre-cntry
temperature of gases substantially as they enter said breathing assistance system, said

controller applying a correction factor to said pre-entry temperature.
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59. The breathing assistance apparatus as claimed in any onc of claims 51 to 58
wherein said controller is adapted to receive al least said user sct flow rate and said
actual flow rate data from said flow sensor, said controller having a coarse control
parameters and fine control parametcers, said controller comparing said user set flow
rate and said actual flow rate, said controller using said fine control parameters to
adjust the output of said fan to match said actual low rate to said user sct flow ratc as
long as said actual flow rate matches said user st flow rate to within a tolerance, the
value of said tolerance stored within said controller, said controller using said coarse
control parameters to adjust the output of said fan to match said actual tlow rate to
said user set flow rate if the difference between said uscr sct flow ratc and said aclual

flow rate is outside said tolerance.

60,  The breathing assistance system as claimed in ¢laim 59 wherein said coarse
control parameters arc a first P.LD. filter and said fine control parameters are a second

P.1.D. flter.

6l. The breathing assistance system as claimed in claim 60 wherein said actual
flow rate data is measured by said at least one flow scnsor, said actual flow rate data
subtracted from said user set flow data and a signal indicative of the differcnce sent to
both said first and second P.LD. [ilters, said controller using cither the output of said
first P.I.D. filter or said second P.L.D. filter to adjust the output of said fan to match

said actual flow rate to said user set flow rate.

62.  The breathing assistance system as ¢laimed in claim 61 wherein said flow rate

is sampled at a sample rate of between 20 and 30 Hz.

63. The breathing assistance system as claimed in claim 62 wherein said sample
rate is 25 Hz.

64. The breathing assistance system as claimed in any onc of claims 61 to 63
wherein said actual flow rate data is passed through a first low-pass filter before being

sybtracted from said user set flow data.

65.  The breathing assistance system as claimed in ¢laim 64 wherein said first low-
pass filter has a cut-off frequency high enough to allow intra breath flow variation to

pass unattenuated.
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66. The breathing assistance system as claimed in any ong of claims 59 to 65

wherein said actual flow rate data is also passed through an averaging filter.

67.  The breathing assistance system as ¢laimed in claim 66 wherein said

averaging filter is a second low pass filter.

68.  The breathing assistance system as claimed in either claim 66 or claim 67
wherein the output of said averaging filter is [ed back to said controller in place of

said direct flow data from said flow sensor.

69, The breathing assistance system as claimed in any one of claims 66 o 67
wherein said controller recetves said averaged flow from said averaging [lter and
compares this (o said user sel [low rate, said controller using coarse control
parameters to adjust the flow rate to said user set rate if the difference between said
user set flow rate and said actual flow rate is outside a tolerance value stored in the
memory of said controller, said controller using fine control parameters if said

difference 1s inside said tolerance.

70. The breathing assistance system as claimed in ¢laim 69 wherein said tolerance

is 3 L/min.

71. The breathing assistance system as claimed in claim 69 wherein said tolerance
is variable, and is a percentage value of said actual flow rate as measured by said flow

5CNS0T.

72.  The breathing assistance system as claimed in ¢claim 71 wherein said

percentage value is between 1-3%,

73. The breathing assistance system as claimed in claim 71 wherein said

percentage value is between 3-5%.

74, The braathing assistance system as claimed in ¢laim 7] wherein said

percentage value is between 5-7%.

75. The breathing assistance system as claimed in claim 71 wherein said

percentage value is between 7-10%.
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76.  The breathing assistance apparatus as claimed in any one of claims 51 10 58
wherein said controller further comprises a compensation filter, a low pass filter, a
high pass filter, and a P.LD. filter, said signal indicative of actual flow ratc from said
flow sensor passed in parallel through said low pass filter and said high pass filter,
said low pass filter producing a low pass output signal, said high pass filter producing
a high pass output signal that is passed through said compensation filter, said low pass
output signal subtracted from said user set flow rate signal and passed into said P.1.D
filter, the output signal from said P.LD filter and the output signal from said
compensation filter summed and compared to said user set flow rate, said controller
using said coarse control parameters to adjust the output of said fan to match said
actual flow rate to said user set flow rate if the diffcrence between the sum of said
output signals and the user set flow ratc is outside a pre-set tolerance contlained in the

memory of said controller.

77. The breathing assistance system as claimed in ¢laim 76 whercin said controller
also includes a feedback signal from said fan to said compensation filter 30 that the
input signal to said fan unit compriscs the output signal from said P.LD. filter and the

output signal from said compensation filter,

78.  The breathing assistance system as claimed in elaim 76 or claim 77 wherein

said tolerance is 3 L/min.

79.  The breathing assistance system as claimed in claim 76 or ¢laim 77 whercin
said tolerance is variable, and is a percentage valuc of said actual flow rate as

measured by said flow sensor.

80.  The breathing assistance system as claimed in claim 79 wherein said

percentage value is between 1-3%.

81.  The breathing assistance system as claimed in claim 79 wherein said

parcentage value is between 3-3%,

82.  The breathing assistance system as claimed in claith 79 wherein said

pereentage value is between 5-7%.
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83.  The breathing assistance system as claimed in claim 79 wherein said

percentage value is between 7-10%.

84.  The breathing assistance system as claimed in claim 49 or claim 50 wherein
said control unit is particularly adapted to receive oxygen as said gases from said
remote source, said at least one flow sensor adapted to measure said flow rate ol gases
received from said remote source and pass said flow rate measurement on to said
controller, said controller adapted to determine the flow rate of said gases from
atmosphere based on the known system dimensions, said controller determining the

fraction of oxygen in said blended air from said flow rate and said system dimensions.

85, The breathing assistance system as claimed in claim 49 or claim 50 whergin
said control unit is adapted to receive oxygen as said gases from said remote source,
said at least one flow sensor adapted to mcasure said flow rate of gases received from
said remote source, said system further comprising a second flow sensor adapted to
measure the flow rate of said gases received from atmosphere, said controller

determining the fraction of oxygen in said blended air [rom said flow rates.

36. The breathing assistance system as claimed in ¢laim 84 or claim 83 wherein
said system is adapted so that when a user alters said user set flow rate this alters said

oxygen fraction.

87.  The breathing assistance apparatus as claimed in any one of claims 84 10 86
wherein said controller is adapted to receive at least said user set flow rate and said
actual tflow rate data from said flow sensor, said controller having a coarse control
parameters and fine control parameters, said controller comparing said uscr sct flow
rate and said actual flow rate, said controller using said fine control parameters to
adjust the output of said fan to match said actual flow rate to said user set flow rate as
long as said actual flow ratc matches said user set flow rate to within a tolerance, the
value of sald tolerance stored within said controller, said controller using said coarse
control parameters to adjust the output of said fan to match said actual flow rate to
said user set flow rate if the difference between said user set flow rate and said actual

flow rate is outside said tolerance.
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88. The breathing assistance system as claimed in claim 87 whercin said coarse
control parameters are a first P. T. D, filter and said fine control parameters are a

second PILD. filter.

89.  The breathing assistance system as claimed in claim 88 wherein said actual
flow rate data is measured by sald at least one flow scnsor, said actual flow rate data
subtracted from said user set flow data and a signal indicative of the difference sent to
both said [irst and second P.LD. filters, said controller using either the output of said
first P.LD, filter or said second P.L.D. filter to adjust the output of said fan to maich

said actual flow rate to said user sel Jow rate.

90.  The breathing assistance system as claimed in claim 89 wherein said flow rate

is sampled at a sample rate of between 20 and 30 Hz.

a1, The breathing assistance system as claimed in claim 90 wherein said sample

rate is 25 He.

92. The breathing assistance system as claimed in any onc of claims 89 to 91
wherein said actual flow rate data is passcd through a first low-pass filter before being

subtracted from said user set flow daia.

93,  The breathing assistance system as claimed in ¢laim 92 wherein said [irst low-
pass filter has a cut-off frequency high cnough to allow intra breadth flow variation to

pass unattenuated.

94,  The breathing assistance system as claimed in any onc of claims 89 to 93

wherein said actual flow rate data is also passed through an averaging filter.

95,  The breathing assistance system as claimed in claim 94 whercin said

averaging filter is a second low pass filter.

96. The breathing assistance system as claimed in either claim 94 or claim 95
wherein the output of said avcraging filter is fed back to said controller in place of

said direct flow data from said flow sensor.

97. The breathing assistance system as claimed in any one of claims 94 to 96

wherein said controller reccives said averaged flow from said averaging filter and
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compares this to said user set flow rate, said controller using coarse control
parameters 10 adjust the flow rate to said uscr set rate if the difference between said
user set flow rate and said actual flow rate is outside a tolerance value stored in the
mernory of said controller, said controller using fine control parameters if said

difference is inside said tolcrance.

98.  The breathing assistance system as claimed in ¢laim 97 wherein said tolerance

is 3 L/min.

99. The breathing assistance system as claimed in claim 97 wherein said tolerance
is variable, and is a percentage valuc of said actual flow rate as measured by said {low

SCNSOr.

100. The breathing assistance system as ¢laimed in claim 99 wherein said

percentage value is between 1-3%.

101.  The breathing assistance system as claimed in claim 99 wherein said

percentage value is between 3-3%.

102.  The breathing assistance system as claimed in claim 99 wherein said

percentage value is between 3-7%.

103.  The breathing assistance system as claimed in claim 99 wherein said

percentage value is between 7-10%.

104,  The breathing assistance system as claimed in any one ol claims 84 10 86
wherein said controller further comprises a compensation filter, a low pass filter, a
high pass filter, and a P.LD. filter, said signal indicative of actual flow rate from said
flow sensor passed in parallel through said low pass filter and said high pass filter,
zald low pass filter producing a low pass output signal, said high pass filter producing
a high pass output signal that is passed through said compensation filter, said low pass
output signal subtracted from said user set flow rate signal and passed into said P.LD
filter, the outpul signal from said P.I.D filter and the output signal from said
compensation filter summed and compared to said user set flow rate, said controller
using said coarse conlrol parameters to adjust the output of said fan to match said

actual Now rate to said user set flow rate if the difference between the sum of said
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output signals and the user set flow rate is outside a pre-set tolcrance contained in the

memory of said controller.

105. The breathing assistance system as claimed in claim 104 wherein said
controller also includes a feedback signal from said fan to said compensation filter so
that the input signal to said fan unit comprises the output signal from said P.LD. filter

and the output signal from said compensation [ilter.

106.  The breathing assistance system as claimed in claim 104 or claim 105 whetein

said 1olerance is 3 L/min,

107.  The breathing assistance system as claimed in claim 104 or claim 105 wherein
said tolerance is variable, and is a percentage value of said actual flow rate as

mcasured by said flow sensor.

108. The breathing assistance system as claimed in ¢laim 107 whercin said

percentage value is between 1-3%.

109. The breathing assistance system as claimed in ¢laim 107 wherein said

percentage value is between 3-3%.

110. The breathing assistance system as claimed in claim 107 wherein said

percentage value is between 5-7%.

111. The breathing assistance system as claimed in claim 107 wherein said

percentage value is between 7-10%.

112, The breathing assistance system as claimed in any one of claims 38 to 111
wherein said system further has a display adapted to show chamber outlet dew point

temperature.

113.  The breathing assistance system as claimed in ¢laim 111 wherein said display

is adapicd to show the absolute humidity level of gascs cxiting said chamber.

114,  The breathing assistance system as claimed in any one of claims 38to 111
wherein said display is adapted to show absolute humidity and chamber outlet dew

point temperature.
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115. The breathing assistance system as claimed in any one of claims 38 1o 114
wherein said breathing assistance system also has a humidity sensor adapted to
measure the humidity of atmospheric gases entering said breathing assistance system,
said controller receiving data relating to the measured humidity, said controller
determining said control output by also using said data relating to the measured

humidity.

116. The breathing assistance system as claimed in any one of ¢laims 38 1o 115
wherein said system also has a pressure sensor adapted to measure the pressure of
atmaospheric gases entering said breathing assistance system, said controller receiving
data relating to the measured pressure, said controller determining said control output

by also using said data relating 1o the measured pressure.,

I17. The breathing assistance system as claimed in any onc of claims 38 to 116
wherein suid system further comprises a delivery conduit and user interface
configured to in use receive said heated humidified gases from said exit port for
delivery to said user, said delivery conduit having a heater wire adapted to heat the

wases within said conduit.

t18. The breathing assistance system as claimed in ¢laim 117 wherein said
breathing assistance system further has a patient end temperature sensor adapted to
measure the temperature of said gases flow at or close to said patient, the measured
patient end temperature fed back to said controller, said controller adjusting the power
to said heater wire to maintain the temperature of suid Qow ol gases within said

conduit.

119. The breathing assistance system as claimed in claim 118 wherein said
controller receives said measured paticnt end temperature data, said controller
determining said control output by also using said data relating to the measured

patient end ternperature data.

120.  The breathing assistance system as claimed in any one of claims 117 to 119
wherein said controller is further adapted to measure the power drawn by said heater
wire for a given pre-set time period, and if said power drawn by said heater wire is
higher than a valuc stored in the memory of said controller, said controller assesses

that said humidifier unit is experiencing high convective heat loss and determines said
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control output according 1o an altered or different rule set, mathematical formuly, or

look-up table.

121. A breathing assistance system for delivering a stream of heated, humidified
gases [0 a user for therapeutic purposcs, comprising; a humidificr unit that has an inlet
port and an exit port, said humidifier unit adapted to in use receive a flow of gases
from a gases source via said inlet port, said humidificr unit further adapted to hold and
heat a volume of water in use, in use said flow of gases passing through said
humidifier unit and becoming heated and humidified, said heated humidified gases
exiting said humidificr unit via said humidifier unit exit port, a delivery conduit and
user interface configured to in use receive said heated humidified gases from said exit
port for delivery 1o said uscr, said delivery conduit having a heater wire adapted to
heat the gases within said conduil, a paticnt end temperature sensor adapted to
measure the temperature of said gases flow at or close 10 said paticnt, & flow probe
adapted to measure the actual low rate of said gases stream through said system, said
breathing assistance systemn [urther comprising a controller adapted to receive data
from said patient cnd temperature sensor relating to the measured temperature, and
data from said flow probe relating to said actual flow rate, said controller determining
a control output in response, said control output adjusting the power to at least said
heater wire to maintain or alter the temperature of said flow of gases within said
conduit to achieve a desired patient end temperature and absolute humidity at said

interfacc,

122, The breathing assistance system as claimed in claim 121 wherein said system
also has an ambient temperature sensor adapted to measure the temperature of gases
at a point before said gases enter said humidifier unit, said controller further adapted
to receive data from said ambicnt tempcerature sensor and use said data to determine

said control output.

123.  The breathing assistance System ag claimed in claim 121 or ¢laim 122 wherein
said control output relates to a target temperature at said patient end for a given flow
level, said control output adjusting said power to said humidificr unit to match said

measured temperature at said patient end with said target temperaturc,
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124. The breathing assistance system as claimed in any one of claims 121 to 123
wherein said control output is determined from a rule-based system loaded in said

controller,

125,  The breathing assistance system as claimed in any one of claims 121 to 123
wherein said control output is determined from at least one mathematical [ormula

loaded in said controller.

126. The breathing assistance system as claimed in any one of claims 121 10 123
whereln said control output is determined from a look-up table loaded in said

controller,

127. The breathing assistance system as claimed in any one of claims 121 to 123

wherein said desired humidity is associated with a user set target dew point

temperature.

128. The breathing assistance system as claimed in claim 127 wherein said target

temperature is in the range 31 - 38°C.

129.  The breathing assistance system as claimed in any one of claims 127 to 129
wherein said user set target dew point temperature provides an absolute humidity

leveal of substantially 44mg H2O / litre of air.

130.  The breathing assistance system as claimed in any one of claims 121 to 129
wherein an ambient temperature sensor is located at or close to said inlet port to

measure the lemperature of gases substantially as they enter said humidifier unit.

I3]. The breathing assistarice system as claimed in any one of ¢laims 121 to 130
wherein said breathing assistance system further comprises an exit port temperature
sensor adapted to measure the temperature of gases exiting said humidifier unit, said
controller further adapted to receive exit port data from said exit port temperature
sensor relating to the measured temperature, said controller further using said exit port

data to determine said control output,

132.  The breathing assistance system as claimed in any onc of claims 121 to 131
wherein said breathing assistance system also has a humidity sensor adapted to

measure the humidity of atmospheric gases entering said breathing assistance system,
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said controller receiving data relating to the measured humidity, said controller
determining said control output by also using said data relating to the measured

humidity.

133. The breathing assistance system as claimed in any one of claims 121 to [32
wherein said system also has a pressure sensor adapted to measure the pressurc of
atmospheric gascs entering said breathing assistance system, said controlier receiving
data relating to the measured pressure, said controller determining said control output

by also using said data relating to the measured pressure.

134,  The breathing assistance system as claimed in any one of claims 121 to 133
wherein said system further has a display adapled to show chamber outlet dew point

lemperature.

135. The breathing assistance system as claimed in claim 134 whercin said display

is adapted to show the absolute humidily level of gases exiting said chamber.

136,  The breathing assistance system as claimed in any one of claims 121 to 133
wherein said display is adapted to show absolute humidity and chamber outlet dew

point temperature.

137.  The breathing assistance system as claimed in any one of claims 121 to 136
wherein said breathing assistance apparatus further comprises a control unit adapted
to in use receive a flow of gases [rom a remote central source, said control unit
located in the gases path between said central source and said humidilier unit, said
control unit receiving said flow of gases and passing said flow on to said humidifier
unit via a gases connection path between said humidifier unit and said control unit,
sald control unil also having user controls adapted to enable a user to set a desired

user set flow rate.

138. The breathing assistance system as claimed in claim 137 wherein said control
unit further comprises a venturi adapiled 10 mix said flow of gases from said central

source with atmospheric gasces before passing these to said humidifier unit.

139. The breathing assistance system as claimed in any onc of claims 121 to 136

wherein said gases source is a blower unit fluidically connected in use to said
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humidifier unit, said blower unit having an adjustable, variable speed fan unit adapted
to deliver said flow of gases over a range of flow rates to said humidifier unit and uscr
controls adapted to enable a user to sct a desired user set flow rate, said controller

adapted to control the power to said blower unit 1o produce said user set flow rate.

140.  The breathing assistance system as claimed in any one of claims [21 to 139
wherein said humidifier unit is a humidificr chamber having a heater base, and said
breathing assistance system further has a heater plate adapted to heat the contents of
said humidifier chamber by providing heat energy 10 said heater base, said breathing
assistance system further having a heater plate ternperature scnsor adapted to measure
the temperature of said heater plate and provide this temperature measurement to said
controller, said controller determining said control output by assessing all of said
mcasurcd temperatures and said measured flow rate and adjusting at least the power
lo said heater plate to match said measured exit port temperature to said target

lempcrature.,

141.  The breathing assistance system as claimed in claim 140 wherein il a target
value of said patient end temperature is rcached and the corresponding heater plate
lemperature is higher than a set value stored in the memory of said controller [or a
given pre-set time period, said controller assesscs that said humidifier unit is
experiencing high convective heat loss and determines said control output according

to an altered or different control algorithm, mathematical formula or look-up table.

142,  The breathing assistancc system as claimed in any one of ¢laims 121 to 141
wherein said controller is further adapted to measure the power drawn by said heater
wire for a given pre-set time period, and il the power drawn is higher than a set of
values stored in the memory of said controller, said controller assesses that said
humidifier unit is experiencing high convective heat loss and determines said control
output according to an altered or different control algorithm, mathematical formula or

look-up table,

143,  The breathing assistance system as claimed in any ong of claims 140, 141 or
142 when claim 142 is dependent on claim 140 or 141, wherein said controller is
further adapted to measure the power drawn by said heater plate for a given pre-sct

time period and if the power drawn is higher than a set of values stored in the memory
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of said controller, said controller assesscs that said humidifier unit is experieneing
high convective heat loss and determines said control output according to an altered

or different control algorithm, mathematical formula or [ook-up table.

144,  The breathing assistance system as claimed in claim 140 wherein said
controller is further adapted to measure the power drawn by said heater plate for a
given pre-set time period and compare this to a pre-stored set of values stored in the
memory of said controlle, said controller applying an inversely linear correction
factor il the measured power drawn is not substantially similar to said pre-stored set

of values.

145.  The breathing assistance apparatus as claimed in claim 144 wherein said

measured data values and said stored data valves must be within +/- 2%.

146. A breathing assistance system for delivering a flow of gases to a user for
therapeutic purposes, comprising: a humidifier unit that has an inlet port and an exit
port, said humidifier unit adapted to in use receive said flow of gases from a gases
source via said inlet port, said humidifier unit further adapted to hold and heat a
volume of water in use, in use said flow of gases passing through said humidifier unit
and becoming heated and humidified, said heated and humidified flow of gases
exiting said humidifier unit via said humidificr unit exit port; an exit port temperature
sensor adapted to measure the temperature of said [low of gases ¢xiting said
humidifier unit; an ambicnt temperature sensor adapted to measure the temperature ol
said flow of gases at a point before said gases enter said humidifier unit; a flow sensor
adapted to measure the actual flow rate of said flow of gases through said system; and
a controller adapted to: receive data from said ambicnt temperature sensor relating to
the measurced temperature, data from said exit port temperature sensor relating to the
measured temperature, and data from said ow sensor relating to said actual flow rate;
determine a target temperature for said [ow ol gases passing through said exit port
based on at least the data [rom said ambient temperature sensor and said flow sensor;
compare said target temperature to data from sald exit port temperature sensor relating
to the measured temperature of said flow of gases; and adjust the power to said
humidifier unit 1o achicve said target temperature for said flow of gases passing

through said humidifier unit exit port.
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147.  The breathing assistance system as claimed in claim 146 wherein said target

temperature is determined from a rule-based systcm loaded in said controller.

148, The breathing assistance system as claimed in claim 146 wherein said target

temperature is delermined from at least one mathematical formula loaded in said

controller.

149,  The breathing assistance system as claimed in claim 146 wherein said target

temperature is determined from a look-up table loaded in said controller.

150. The breathing assistance system as claimed in claim 146 wherein achicving
said target temperature achieves a target dew point temperature at said humidifier unit

exil port.

151. The breathing assistance system as claimed in ¢laim 150 wherein said target

dew point temperature is in the range 31-39°C,

152.  The breathing assistance system as claimed in claim 150 wherein said user set
target dew point temperature provides an absolute humidity level of substantially

44mg HaV/litre of air.

153. The breathing assistance system as claimed in claim 146 wherein said
achieving said target temperature achicves a target absolute humidity at said

humidifier unit exit port.

154, The breathing assistance system as claimed in claim 146 wherein said
achicving said target temperature achieves a relative humidity at said humidifier unit

exit port.

155. The breathing assistance system as claimed in claim 146 whercin said
breathing assistance system further comprises user controls adapted to cnable a user to

sct a desired user set flow rate of said flow of gases through said system.

|56, The breathing assistance systein as claimed in claim 155 whergin said
breathing assistance apparatus further compriscs a control unit adapted to in use
receive a flow of gases from a remote central source, said control unit located in a

path of the flow of gases between said central source and said humidifier unit, said
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control unit reeciving said flow of gases and passing said flow on to said hunidificr
unit via a gases connection path between said humidifier unit and said control unit,
said user controls adapted 10 enable a user to set a desired user set flow rate through

said control unit.

157. The breathing assistance system as claimed in claim 156 wherein said control
unit further comprises a venturi adapted to mix said flow of gases from said central

source with atmospheric gases before passing these to said humidifier unit.

158. The breathing assistance system as claimed in claim 155 wherein said gases
source is a blower unit fluidically connceted in use to said humidifier unit, said
blower unit having an adjustable, variablc speed fan unit adapted to deliver said flow
of gascs over a range of flow rates to said humidifier unit and user controls adapted to
enable a uscr to sct a desired user set flow rate, said controller adaptad to control the

power Lo said blower unit to produce said user set flow rate.

159, The breathing assistance system as clairned in claim 146 whercin said
humidifier unit is a humidificr chamber having a heater base; said breathing assistance
system further has comprises a heater plate adapted to heat the contents of said
humidifier chamber by providing heat cnergy to said heater base; and said breathing
assistance system further having comprising a heater plate temperature scnsor adapted
o measure the temperature of said heater plate and provide this temperature
tmeasurement to said controller, said controller determining said control output target
temperature by assessing all of said mecasurcd temperatures and said measured flow

rate.

160. The breathing assistance system as claimed in claim 159 wherein if the target
temperature is achieved at said humidifier unit exit port and the corresponding heater
plate temperature is higher than a set value stored in the memory of said controller for
& given pre-sct time period, said controller assesses that said humidifier unit is
cxperiencing high convective heat loss and determines said target temperature

according to an altered or different rule set, mathematical formula or look-up table.

[61. The breathing assistance system as claimed in ¢laim 159 wherein said
controller is further adapted Lo measure the power drawn by said heater plate for a

given pre-set time period and if the power drawn is higher than a value stored in the
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memory of said controller, said controller assesses that said humidifier unit is
experiencing high convectlive heat loss and determines said target temperature
according to an altered or different control algorithm, mathematical formula or look-

up table.

162.  The breathing assistance system as claimed in claim 159 wherein said
controller is further adapted to measure the power drawn by said heater plate for a
given pre-set time period and compatre this to 2 pre-stored set of values stored in the
memory of said controller, said controller applying an inverscly lincar correction
factor if the measured power drawn is not substantially similar to said pre-stored sct

of values,

163. The breathing assistance system as claimed in claim 162 wherein said
controller applics an inversely linear correction factor if the measured power drawn

values and said pre-stored data values are not within +/-2%.

164. The breathing assistance system as claimed in claim 146 wherein said ambient
lemperature sensor is located at or close to said inlet port to measure the temperature

of gases substantially as they enter said humidificr unit.

165.  The breathing assistance system as claimed in claim 146 wherain said ambient
temperature sensor is adapted to measure the pre-entry temperature of gases
substantially as they enter said breathing assistance system, said controller applying a

correction factor to said pre-cntry temperature,

166. The breathing assistance system as claimed in claim 146 wherein the
controller is adapted to determine a target temperature for said gases passing through

said exit port without receiving data from a humidity sensor.

167. A breathing assistance system for delivering gases to a patient for therapeutic
purposes, comprising: a humidifier comprising a humidifier chamber configured to
hold a volume of water and a heater plate configured to heat the volume of water, the
humidifier further comprising an inlet port and an exit port, the humidifier configured
to receive a flow of gases via the inlet port, heat and humidify the flow of gases, and
permit the flow of gases w0 cxit the humidifier via the exit port; an ambient

temperature sensor configured to measure a temperature of the flow of gases before
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the flow of gascs enters the humidifier via the inlet port; a conduit configured to
deliver the flow of gases to the patient via a patient interface, the conduit comprising a
heater wire configured to heat the flow of gases within the conduit, the conduit further
comprising a patient end configured to be connected to an unheated secondary hose;
the unheated secondary hose configured to receive the tlow of gases exiting the
paticnt end of the conduit and to deliver the {low of gases to the patient interface; a
patient end temperature sensor configurcd to measure a temperature of the flow of
gases at the patient end of the conduit; a flow sensor configured to measure a flow
rate of the flow of gascs through the breathing assistance system; and a controller
configured to: receive data relating to the temperature of the flow of gases measured
by the patient end temperature sensor, data relating to the flow rate measured by the
flow sensor, and data relating to the temperature measurcd by the ambicent
temperature sensor, determine a target patient end gases temperature based at least in
part on the data relating to the flow rate measured by the flow scnsor and the data
relating to the temperature measurcd by the ambient temperature sensor, wherein the
target paticnt cnd gases temperature varies based on a change in at least one of the
Now rate measured by the flow sensor or the temperature measured by the ambient
temperature sensor, compare the target paticnt cnd gases temperature to the
temperature of the flow ol gases measured by the patient end temperature sensor and
determine, based on the comparison, a heater wire power, and apply the determined
heater wire power to the heater wire to maintain or alter the temperature of the llow ol
gases to achieve the target patient end gases temperature and achicve a desired

temperaturc at the patient interface.

168. The system of claim 67, further comprising an exit port temperature sensor
configured to measure a temperature of the flow of gases al the exit port of the
humidifier, wherein the larget paticnt end gases temperature determined by the
controller is greater than the temperaturc measured by the exit port temperature sensor

over an entire range of operation.

169. The system of claim 167, wherein the controller is configured to determine the
target paticnt end gases temperature based at least in part on a rule-based system
Ipaded in a memory of the controller, a mathematical formnla loaded in the memory,

or a look-up table loaded in the memory.
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170. The system of claim 167, wherein the controller is further configured o adjust
power delivered to the heater wire to substantially achieve a user set target dew point

temperature.

171. The system of claim 170, wherein the uscr st target dew point temperature

relates 1o an absolute humidity level of substantially 44mg HaO/litre of air,

172.  The system of claim 167, wherein the ambient temperature sensor is located at
or close to the inlet port and is configured to measure the temperature of the flow of

gases substantially as it enters the humidifier.

173.  The system of claim 167, further comprising a Jow controller located int a
pases flow path between a central gascs source and the humidifier, the flow controller
configured to receive the flow of gases and to deliver the flow of zases to the
humidifier, the flow controller comprising uscr controls configured to enable a user to

set a desired user sct flow rate.

174.  The system of claim 167, further comprising a blower configured to be
fluidically connected to the humidifier, the blower comprising an adjustable, variable
speed fan configured to deliver the flow of gases over a range of [low rates to the
humidifier, the blower further comprising uscr controls configured to enable a user to
set a user set flow rate, wherein the controller is further configured to adjust power

delivered to at least the blower to produce the user sct flow rate.

175.  The system of ¢claim 167, wherein the humtdificr further comprises: a heater
plate temperature sensor configured to measure a temperature of the heater plate,
wherein the controller is further configured to adjust power delivered to at least the

heater plate bascd on the temperature measured by the heater plate sensor.

176.  The system ol claim 167, whercin the controller is further configured to adjust
the power delivered to the heater wire to maintain or alter the temperature of the [low
of gases to achieve the desired temperaturc and a desired absolute humidity at the

patient interface.

177.  The system of claim 176, whergin the desired humidity is associated with a

user set target dew point tempetature of 31-38%C.
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178. The system of claim 167, wherein the controller is configured to determine the
target paticnt end gases temperature further based on pressurc of the flow of gases

before the flow of gases enters the humidificr.

179.  The sysiem of claim 167, whergin the controller is configured to determine the
target patient end gases temperature based on a polynomial function of the
temperature measured by the ambient temperature sensor, the polynomial function

including cocfficicnts that depend on the flow rate measured by the flow sensor.

[80. A breathing assistance system for delivering gascs to a patient for therapeutic
purposes, comprising: a humidifier conligured to reccive a flow of gases via an inlet
port, heat and humidify the flow of gases, and permit the flow of gases to exit the
humidifier via an exit port; an ambient temperature sensor configured to measure a
temperature of the flow of gases before the flow of gases cnters the humidifier via the
inlet port; a conduit configured to deliver the flow of gases (o 4 patient interface, the
conduit comprising a heater wire configured to heat the flow of gases within the
conduit; a patient end temperature sensor configured to measure a temperature of the
flow of gases cxiting the conduit; a flow sensor configured to measure a flow rate of
the flow of gases; and a controller configured to: determing a target patient end gases
temperature based al lcast in part on the flow rate measured by the flow sensor and the
temperature measured by the ambicnt temperature sensor, whergin the target patient
end gases temperature varies bascd on a change in at least one of the flow rate
measured by the flow sensor or the temperature measured by the ambient wemperature
sensor, delermine a heater wire power basced on a comparison of the target patient end
pases temperature to the temperature of the fow ol gases exiting the conduit
measured by the patient end temperature sensor, and apply the delermined heater wire
powet to the heater wire to maintain or alter the temperature of the flow of gases to

achieve the target patient end gases tempceraturc.

181, The system of claim 180, further comprising an exit port temperature sensor
configured Lo measure a temperature of the flow of pases at the exit port, wherein the
target patient end gases temperature determined by the controller is greater than the
temperature measured by the exil port lemperature scnsor over an entire range of

operation.
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182. The system of claim 180, wherein the controller is further configured to adjust
power delivered to the heater wire to substantially achieve a user set target dew point

lemperature.

[83. The system of claim 180, whergin the ambient temperature scnsor i8 located at
or ¢lose to the inlet port and is configured o measure the temperature ol the flow of

gases substantially as it enters the humidifier,

184. The system of claim 180, wherein the controller is further configured to adjust
the power delivered to the heater wire to maintain or alter the temperature of the flow

of gases to achieve a desired tempcrature at the patient interface.

185, The system of claim 184, wherein the controller is further configured to adjust
the power delivered (o the heater wire to maintain or alter the temperature of the flow

of gases to achieve a desired absolute humidity at the patient interface.

186. The system of claim 185, wherein the desired humidity is associated with a

user set target dew point temperature of 31-38°C.

187. A method of operating a breathing assistance system configured to deliver
gases 1o a patient, the method comprising: heating and humidifying a flow of gases
enlering a humidifier of the breathing assistance system via an inlet port and allowing
the flow of gases to exit the humidifier via an exit port; measuring a icmperaturce of
the flow of gases before the flow of gases enters the humidifier via the inlet port;
measuring a flow rate of the flow of gases; delivering the flow of gases from the exit
port to a patient interface through a conduit and heating the flow of gases within the
conduit; measuring a temperature of the flow of gases exiting the conduit; and by a
controller of the breathing assistanec system: determining a target patient cnd gases
temperature based at least in part on the flow rate of the flow of gases and the
wemperature of the flow of gases before the flow of gases enters the humidifier via the
inlet port, whereint the target paticnt cnd gases temperature varies based on a change
in at lcast one of the flow rate or the temperature of the flow of gases before the flow
of gases enters the humidifier via the inlet port, determining a target power associated
with heating the flow of gases in response 1o comparing the target patient end gases
temperature to the temperature of the Jow of gascs exiting the conduit, the target

power being determined bascd on the temperature of the flow of gases exiting the
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conduit being fod back 1o the controller, and applying the target power to heat the

flow of gases to achieve the target patient end gases temperature.

I88. The method of claim 187, further comprising measuring a temperature of the
flow of gases at the exit port, wherein the target patient end gases temperature is
greater than the temperature of the flow of gases at the exit port over an entire range

ol operation.
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