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Air Treatment Agent Dispenser with Improved Odour Sensor Functionality

Field of the Invention

The present invention relates to an emanation device that is configured to adapt the emanation of
a fluid into the surrounding environment based on a determination of the characteristics of the
surrounding enviranment and particulariy, but not exclusively, for the emanation of air treatment

agents such as fragrances, deodorizing and/or pest control materials.

Background
Devices are known in which a bottle of volatile liquid has a upwardly projecting wick and a heater

is located in the vicinity of the upper end of the wick to accelerate the evaporation of volatile liquid
from the wick. The bottle, wick and heater are retained within a housing which carries an electric
plug. To operate the heater the device is plugged into a wall socket. Devices of this type
commonly claim to allow control of the rate of evaporation of the volatile liquids, for example, by
varying the distance between the heater and the wick. ‘

Devices are also known in which an aerosol air freshener is held within an automatic spraying
device. A powered mechanism actuates the valve on the aerosol to periodically emit a spray of
the air freshener. Devices of this type commonly claim to allow control of the amount of spray
over a fixed time period by the consumer being able to vary the time period between emissions.
Such automatic spraying devices are typically unable to provide adjustment in response to

external stimuli.

Known prior art devices suffer from the drawback of efficiency and convenience. Typically the
user has to manually change the apparatus from “normal” to “boost” mode, and then to switch it
back to “normal” mode when this effect is no longer necessary (e.g. when the room is empty, or
at night). Given the typical location of sources of electrical supply on walls (at a low level near the
floor) or placement of electrical devices, this makes the switching process inefficient and
tnconvenient.

Timed devices are available which are configured to release air treatment agent at user-defined
time periods but these device are not capable of dynamically adjusting their operation to take
account of changes in the surrounding environment.

In order to overcome some of the drawbacks associated with a device having a timer function,

devices consisting of a combination of a timed functional with a motion sensor functional have

been made available and go some way to addressing this problem, however, increased motion
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surrounding the device does not necessarily linearly equate to a need for increased air treatment
agent.

To improve the known devices yet further to make them truly adaptive to their surrounding
environment it has been suggested that an odour sensor could be included with such devices
such that when the device’s ‘electronic nose’ detects malodour or the like air treatment agent
could be emanated, however, such devices are fraught with sensitivity and reliability issues which

renders them largely unsuitable for mass commercialisation.

There is a need, therefore, for a device which overcomes the defects of the prior art.

Summary of Invention
According to a first aspect of the present invention there is provided therefore a method of

operating a dispensing device for at least one air treatment agent, the dispensing device
comprising:

a housing having one or more walls to define an interior adapted to receive at least one
removable container of air treatment agent at least partially therein; and within said housing the
device comprises:

an airborne agent detector means operable to detect airbome agents in the air, wherein said
means are provided with at least one aperture to the exterior of the device to permit, in use, air
from outside of the device to enter said airborne agent detector means;

receiving means for receiving said at least one container of air treatment agent;

emanation means adapted, in use, to emanate the air treatment agent from the device through
one or more exit orifices in the housing;

control means in communication with the emanation means and in communication with said
airborne agent detector means;

the airborne agent detector means comprises one or more metal oxide semiconductor/metal
oxide cdour sensors;

characterised in that the method comprises the application of power to the sensor(s) in pulses.

In order for any metal oxide semiconductor/metal oxide odour sensor to be operational the sensor
must heat up to an operational temperature to facilitate suitably active surface chemistry on said
sensor, typically this temperature is in the order of 300 to 380°C. The need to access such high
operation temperatures makes devices containing such sensors consume large amounts of
energy. Itis a further object of the present invention to improve the energy consumption of

devices containing oxide semiconductor/metal oxide odour sensor(s) and to this end the inventors
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have realised that it is possible to achieve this aim via pulsing the energy applied to said
Sensor(s).

In one preferred arrangement power is applied to the sensor(s) substantially continuously in order
to get the sensor(s) to an operational temperature to ensure that said sensor(s) surface chemistry
is suitably active to detect airbome agents and thereafter the power is applied intermittently to the
sensor(s) to keep the sensor(s) at or close to an operational temperature and/or to ensure that

said sensor(s) surface chemistry is suitably active to detect airbome agents.

In another preferred embodiment after the power has been applied to the sensor(s) substantially
continuously to get the sensor(s) to an operational temperature to ensure that said sensor(s)
surface chemistry is suitably active to detect airborne agents, thereafter the power is applied
intermittently to the sensor(s) to keep the sensor(s) at an operational temperature and/or to
ensure that said sensor(s) surface chemistry is suitably active to detect airbome agents such that
the odour sensor may substantially continuously or routinely measure the to quantities of airborne

agents entering the aperture(s).

In an altematively preferred embodiment after the power has been applied to the sensor(s)
substantially continuously to get the sensor(s) to an operational temperature to ensure that said
sensor(s) surface chemistry is suitably active to detect airborne agents, thereafter the power is
applied generally intermittently to the sensor(s) to keep the sensor(s) close to an operational
temperature and/or to ensure that said sensor(s) surface chemistry is suitably active to detect
airbome agents. Within the period of intermittent power application may be periods of continual
power application and/or increased power application to temporally place the sensor(s) at the
operation temperature and/or to ensure that said sensor(s) surface chemistry is suitably active to
detect airborne agents, wherein the odour sensor is arranged to cooperate with this application of
power thereto to only measure the quantities of airborne agents entering the aperture(s) when the
sensor(s) is at the operational temperature and/or to ensure that said sensor(s) surface chemistry

is suitably active to detect airbome agents in the power application cycle.

In a further altematively preferred embodiment after the power has been applied to the sensor(s)
substantially continuously to get the sensor(s) to an operational temperature to ensure that said
sensor(s) surface chemistry is suitably active to detect airborne agents, thereafter follows a
period of no application of power, wherein the non-application of power is followed by the
application of power substantially continually to get the sensor(s) to an operational temperature to
ensure that said sensor(s) surface chemistry is suitably active to detect airbome agents, and the

cycle continues in accordance with the same pattern throughout the operation of the device.
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Preferably the once the metal oxide semiconductor/metal oxide odour sensor to has been heated
up to an operational temperature the pulses of power may last for a 5 to 1000ms period with an
off-period lasting between 0.5 to 10 seconds, and more preferably the pulses of power last for a 5
to 250ms period with an off-period lasting between 0.5 to 7.5 seconds, and even more preferably
the pulses of power last for a 5 to 100ms period with an off-period lasting between 0.5 to 5.5
seconds, and most preferably the pulses of power last for a 5 to 60ms period with an off-period
lasting between 0.5 to 3.5 seconds.

In the context of the present invention and for the avoidance of doubt “operational temperature” is
used in relation to the present invention to relate to the temperatures that the sensor(s) must
access to facilitate suitably active surface chemistry on said sensor. For the further avoidance of
doubt, in the context of the present invention “close to an operational temperature” is understood
to mean the temperature is only permitted to drop below an operation temperature defined by the
duration of time (as defined above) that it would take the device under the application of power to
the sensor to heat up to an operational temperature. The skilled person would understand the
boundaries of “close” to be based on how the system had been tuned when the sensor(s) of the
device may be powered 5 to 1000ms period with an off-period lasting between 0.5 to 10 seconds;
such that a temperature would not be defined as “close to an operational temperature” if the
sensor was not capable of reaching an operational temperature within the operational boundaries
the device was tuned to.

Ideally however the pulses of power may last for substantially 46ms and a measurement may be
taken at substantially 35ms into said pulse of power, once the application of power has ceased an
off-period lasting for substantially 2.2 seconds follows.

This particular arrangement of the pulsing of power has been found to be particularly
advantageous as it substantially maintains sensitivity thus ensuring accurate readings. As Figs.
788 illustrate, as increasing amounts of power is applied to the sensor the level of resistance
fluctuates in a substantially parabolic manner. The odour sensors used within the devices of the
present invention are operable to temporarily decrease in resistance when an odour contacts the
surface of the odour sensor. To maintain stability it may be desirable to ensure that the power
applied to the sensor does not surpass a maximum level of power, for instance, the maximum
power level is illustrated on Fig.7 by dotted line A, such that increased power levels (i.e. as shown
to the right of dotted line A) would not be pemitted. Such a maximum power level ensures that
when the sensor is operating any detection of odour will indeed produce a decrease in resistance
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rather than an increase or decrease that could result if the power applied to said sensor was to
the right of dotted line A in Fig.7.

Preferably the device of the present invention is configured such that the maximum power level
that may be applied to the sensor(s) during use is substantially 70mW, and more preferably
substantially 50mW, and most preferably substantially 30mW.

It has been surprisingly found that there is a further drawback with odour sensors in that their
manufacturing tolerances are such that odour sensors are typically produced with variable initial
resistances, in other words sensitivities. Fig.8 illustrates a magnified section of the graph in Fig.7
where the readings of several ostensibly identical odour sensors are illustrated. Whilst they all
produce a substantially parabolic curve when resistance is plotted against power, there are
variations from sensor to sensor in their exact response. In view of this variation the inventors

has advantageously identified an optimum power range wherein there is the largest degree of
convergence, said optimum range is identified by range B. Within the optimum range it is noted
that the sensors are less sensitive than at lower powers levels (i.e. to the left of range B in Fig.8), °
but that the convergence permits consistent sensitivity and permits a consistent threshold level in

detected change of resistance and thus the detection of odour.

Preferably the sensor(s) of the present invention are operable within a power range of between
substantially 10mW to 70mW, and more preferably are operable within a power range of between
substantially 15mW to 50mW, and most preferably are operable within a power range of between
substantially 15mW to 30mW.

The housing preferably comprises a bottom wall, a top wall remote therefrom and one or more
side walls therebetween. The one or more side walls preferably consist of a front wall, a rear wall
opposed thereto and a left side wall and a right side wall between said front and rear walls. Most
preferably the top wall is angled such it slopes downwardly toward the frontwall. The exit
orifice(s) is preferably provided in the top wall and/or in the side wall(s) at a position substantially
adjacent to the top wall. In one most preferred arrangement the exit orifice(s) is provided in the
sloping top wall such that air treatment agent emanated from the device, in use, is directed in a
generally upward direction or a generally upward and forward direction perpendicular to the slope
of the top wall. In an alternatively preferred arrangement the exit orifice(s) is provided in the front
wal'l preferably located in a part of said front wall that is closer to the top wall than the bottom wall
such that air treatment agent emanated from the device, in use, is directed in a generally forward
direction at a height that may be suitable to pemit the air treatment agent to be well dispersed in

the surrounding environment.
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Preferably the at least one aperture for the airbome agent detector means is spaced away from
the one or more exit orifices. In one preferred arrangement the at least one aperture may be
located in a housing wall that is substantially perpendicular with the housing wall of the exit
orifice(s). In an alternatively preferred arrangement the at least one aperture may be located in a
housing wall that is substantially opposite to the housing wall of the exit orifice(s). More
preferably the at least one aperture is located in the side wall(s) of the housing and, even more

preferably, is located in the rear wall.

Preferably the airborne agent detector means is substantially completely isolated from any fluid
present in the interior of the housing such that any fluid present in the interior of the housing is
substantially completely prevented from passing through said one or more housing walls to be
detectable by the airborne agent detector means.

The housing is preferably provided with a concave recess in a wall thereof that extends into the
interior of the housing. The concave recess is preferably sized to receive the airbome agent
detector means therein. The concave recess may be provided with a cover that is sized to fill the
recess and to substantially follow the shape and/or contour of the side wall, and wherein said
cover comprises the at least one aperture. In a preferred arrangement the airborne agent
detector means is located within the recess and the cover is substantially permanently sealed to
the adjacent side walls to substantially completely prevent ingress of any unwanted materials into
the recess other than through the aperture(s) in the cover, and even more preferably completely
prevent ingress of any unwanted materials into the recess other than through the aperture(s) in
the cover.

Providing the airborne agent detector means within the recess in order to substantially completely
Isolate it from the interior of the housing has been found to be particularly advantageous insofar
as the device may be better protected against false detections by said detector means due to the
air treatment agent emanated by the device. With many known devices when the air treatment
agent is emanated small quantities of the emanated agent are not successfully emanated into the
surrounding environment but instead can get trapped within the device or impinge on the housing
walls to circulate inside the device and/or pool inside the device and subsequently evaporate
within the device. Without the isolation of the detector means the trapped emanated agent is able
to interfere with, and in some cases completely saturate, the detector means such that it is
rendered almost completely incapable of reading variations in airborne agents in the environment
surrounding the device. Exposure to such high levels of detectable material, and particularly

prolonged exposure, may also lead to problems associated with loss of sensitivity, detector
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means contamination, reduction of detector means lifetime and, ultimately, loss of detector

means functionality .

The airborne agent detector means may be configured to wirelessly communicate with the control
means in order to preserve the integrity of the recess against ingress of trapped emanated air
treatment agent. Altematively, a small conduit into the recess may be provided to pemit a wired
communication between the airbome agent detector means and the control means wherein any
gaps between the conduit and the wire(s) is substantially completely sealed, and preferably
completely sealed, to prevent the ingress of trapped emanated air treatment agent into the

recess.

The aperture(s) may be provided with a filter membrane to prevent or substantially prevent
particulate contamination of the airborne agent detector means whilst allowing gas diffusion
therethrough. The filter membrane may be a plastics material with suitable diffusion properties

such as a polyethylene membrane.

The device may be provided with a movable closure means which is configured to close the
aperture(s) to the airborne agent detector means to the outside environment shortly before the
device emanates an air treatment agent and, preferably said closure means remains closed for a
period of time after emanation has occurred. At may be advantageous for the closure means to
keep the aperture(s) closed for a period of time after emanation to allow the initial high
concentration of air reatment agent surrounding the device immediately after emanation to
subside as the agent emanates further into the surrounding environment in order to prevent false
detections of airborne agent by the detector means. Preferably the closure means closes the
aperture(s) between 1 to 60 seconds before emanation, and more preferably 1 to 30 seconds
before emanation, and even more preferably 1 to 10 seconds before emanation. Preferably the
closure means moves away from the aperture(s) to permit air from the surrounding environment
to enter the aperture(s) between 1 second to 30 minutes after emanation, and more preferably 5
seconds to 15 minutes after emanation, and even more preferably 10 seconds to 10 minutes after

emanation, and most preferably 15 seconds to 5 minutes after emanation.

The housing wall(s) may be provided with an outwardly extending protrusion adjacent to the
aperture(s) communicating with the airborne agent detector means in order to prevent an
emanated air treatment agent from entering the aperture(s) to falsely trigger the airborne agent
detector means and/or potentially saturate the airborne agent detector means. Preferably the
outwardly extending protrusion is provided in the form of a cowl located above the aperture(s) the

divert any air treatment agent away from the aperture(s).
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Preferably the airborne agent detector means comprises at least one odour sensor means. The
odour sensor may comprise one or more metal oxide semiconductor sensors and/or one or more
metal oxide sensors. The atleast one odour sensor means may be combined with one or more
additional sensors from the list of: a motion sensor; a person sensor; a light sensor; a sound

sensor; a humidity sensor; a smoke sensor; a temperature sensor.

In order to maintain and/or improve the sensitivity of the airborne agent detector means and
prevent the false triggering thereof, once a quantity of air treatment agent has been emanated the
control means may prevent the airborne detection means from operating for a period of time to
allow the initial high concentration of air treatment agent surrounding the device immediately after
emanation to subside as the agent emanates further into the surrounding environment in order to
prevent false detections of airborne agent by the detector means. Preferably the control means is
operable to disable the airborne agent detector means from operating for between 1 second to 30
minutes after emanation, and more preferably 5 seconds to 15 minutes after emanation, and
even more preferably 10 seconds to 10 minutes after emanation, and most preferably 15 seconds
to S minutes after emanation, and ideally for substantially between 90 to 180 seconds after
emanation; by virtue of this arrangement the airbome agent detector will also be conserving
power consumption which is particularly useful if the device is to be non-mains electric powered.
Alternatively the control means may be operable to ignore and/or dismiss signals from the
airborme agent detector means for between 1 second to 30 minutes after emanation, and more
preferably 5 seconds to 15 minutes after emanation, and even more preferably 10 seconds to 10
minutes after emanation, and most preferably 15 seconds to 5 minutes after emanation, and
ideally for substantially between 90 to 180 seconds after emanation.

In order to further maintain and/or improve the sensitivity of the airbome agent detector means
the control means may be provided with auto-ranging functionality whereby said functionality is
operable to select the correct range of the signals received from the airborne agent detector in
order to ensure consistent response is maintained to further airborne agents whilst the detector
means is already under the influence of previously existing airborme agent(s) or other
environmental factors.

Preferably the at least one airborne agent detector operable, in use, to detect whether the current
airbome agent level deviates from a background airbome agent level detected by more than a
predetermined amount, wherein the background airbome agent level and the current airborne
agent level is calculated by the device, preferably by the control means.
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Preferably, the control means are operable to calculate the current airborne agent level by
calculating an average of a predetermined number of most recent readings of the airborne agent
detector means. Preferably, two to five of the most recent readings, more preferably three of the

most recent readings.

The control means may be operable to calculate the deviation of the current airborne agent level
from the background level by means of a subtraction of one from the other, and/or by means of a

ratio of one to the other.

Preferably, the deviation is calculated by subtracting the background level from the current
airborme agent level and dividing that amount by the background level value. The result may be

multiplied by a constant, for ease of display and/or use.

Unlike several known prior art devices the device of the present invention does not operate using
a pre-defined value for the background airborne agent level, rather the device of the present
invention calculates this level and uses this calculated level to control the release of the at least
one air treatment agent. This arrangement may be advantageous as the device is operable to
adapt how it releases the one or more air treatment agent depending on the characteristics of the

surrounding environment in which it is used.

Preferably, the control means are operable to calculate the background airborne agent level by
calculating an average of a longer time period than that over which the current airborne agent

level is calculated.

Preferably, the background airborne agent level and the current airborne agent level are
temporally offset, preferably by at least 5 seconds, more preferably by at least 10 second, more
preferably by at least 20 seconds.

Once the device is placed into an operational mode, the background airborne agent level may be
an average of the levels of airborne agent detected by the device throughout the duration of that
operational mode. In this arrangement the device may better ‘learn’ the characteristics of its local
environment and, during use, will be better able to provide for the release of an air treatment
agent(s) when the current airbome agent level deviates from the background level by more than
the predetermined amount. If a user wishes to move the device to an alternative location, a user
may be encouraged to reset the device from the operational mode, this resetting of the device
may have the effect of zeroing the average levels of background agent such that the device is

operable to ‘leam’ the characteristics of its new environment when placed back into the
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operational mode by calculating the average background agent level from no existing starting
point.

Preferably, the control means are operable to calculate the background airbome agent level by
calculating an average of a predetermined number of some or all of the most recent readings of
the detector. Preferably 10 to 10,000 of the most recent readings, more preferably 20 to 5,000 of
the most recent readings, and most preferably 50 to 1000 of the most recent readings.

The device may be provided with an initial setting mode wherein when the device is first powered
up, the control means will automatically calibrate based on the existing background odour when
the device is first switched on.

In an altemative or additional arrangement, the control means are preferably operable to
calculate the background level based on calculating a series of averages from rolling windows of
measurements from the airbome agent detector means. Each rolling window may be an average
of between two and ten readings, preferably six readings. Preferably, the windows do not overlap.
Preferably, the windows span a time period of between 5 and 30 minutes, preferably between 10
and 25 minutes, preferably between 15 and 20 minutes. There may be approximately 30 to 50
windows.

Preferably, the control means are operable to discard the oldest window when a new window
becomes available, preferably taking into account an offset between the current and background

levels.

Preferably, the control means are operable to adjust the predetermined level of deviation from the
background level that results in air treatment agent being released. The predetemmined level may
be manually adjustable. The deviation may be a positive or negative deviation.

Where the airborne agent detector means is provided in the form of one or more metal oxide
semiconductor/metal oxide odour sensor said sensor(s) may be provided with one or more
resistors in series therewith to ensure a consistent output of signal from the sensor(s) as their
resistance changes during their operation in response to their detection of airborne agent.
Preferably the device is provided with between 3 to § dynamic range resistors with a 1 to 300KQ

range.

The emanation means could be provided by one or more known emanation mechanisms for air

treatment agents. For instance, where the air treatment agent is contained in a pressurised
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container with a suitable propellant (such as hydrocarbon propellant, compressed gas,
compressed nitrogen, or the like) the emanation mechanism may be the mechanical movement of
the container’s valve either by direct contact with the valve or by movement of the valve actuator;
in this arrangement the container may be a metered dose aerosol to improve the spray
performance and reproducibility thereof. Alternatively the pressurised container could be
engaged in the device with its valve held open and a electro-magnetic solenoid is employed to
control the release of the air treatment agent. Other suitable emanation means may include, but
IS not necessarily limited to, one or more heaters, one or more nebulisers, one or more piezo-
electric emanation means.

The device is preferably provided with one exit orifice per replaceable container of air treatment

agent secured in the device, this arrangement is preferably to prevent cross-contamination of the
air treatment agents.

Preferably the container of air treatment agent is received entirely within the housing of the

device.

The device may be provided with a user-controlled boost mechanism. In use of the device, the
activation of said boost mechanism may substantially immediately cause the dispensing of the at
least one air treatment agent.

The airbome agents detected by the airborne agent detector means may be common household
odours (and the chemicals which constitute) these malodours. For example: kitchen malodour;
bathroom malodour; tobacco smoke; pet odours; mould and/or mildew; body odour:; fish; onions:
garbage; fragrance from other products (such as detergents, polishes, cleaning products etc). To
facilitate such detection the odour sensor means may be operable to detect at least some of the
following chemical components: amines and nitrogen compounds; acids and/or sulphur

compounds, such as mercaptans, thioacids, thioesters, sulfides, phenols and skatole.odours..

The device of any of the above-mentioned aspects may be provided with an indicator wherein
said indicator is operable to indicate to a user what function the device is currently performing.

The indicator may be operable to provide a visual indication and/or provide an audible indication.

Preferably the indicator is configured to provide a visual indication by emitting light from one or
more light sources, preferably one or more LEDs.
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The one or more light sources may be adapted to emit a different colour of light to indicate the
current function the device is performing. Additionally or alternatively, the one or more light

sources may blink or flash to indicate the current function the device is performing.

Alternatively or additionally, the device may be operable to visually indicate the function currently
being performed by the device via a screen. The screen may be an LCD screen that is adapted
to provide a message to a user, for instance such messages could include “ON”, “SENSING”,
‘MOTION DETECTED?, “RESTING”, “NORMAL MODE", “DETECTION MODE”, “OFF".

The device may be power by mains-supplied electricity and/or be battery powered and/or be

powered by solar cells located on the device. Most preferably the device is battery powered.

According to second aspect of the present invention there is provided therefore a dispensing
device for at least one air treatment agent, the dispensing device comprising:

a housing having one or more walls to define an interior adapted to receive at least one
removable container of air treatment agent at least partially therein; and within said housing the
device comprises:

an airborne agent detector means operable to detect airborne agents in the air, wherein said
means are provided with at least one aperture to the exterior of the device to permit, in use, air
from outside of the device to enter said airborne agent detector means;

receiving means for receiving said at least one container of air treatment agent;

emanation means adapted, in use, to emanate the air treatment agent from the device through
one or more exit orifices in the housing;

control means in communication with the emanation means and in communication with said
airbome agent detector means;

the airborne agent detector means comprises one or more metal oxide semiconductor/metal
oxide odour sensors;

characterised in that the device is configured to operate in accordance with the method according
to the first aspect of the present invention.

Any of the features described herein may be combined with any of the above aspects in any

combination.

Description of an Embodiment
Embodiments of the invention will now be described, by way of example only, with reference to

the following drawings in which:
Fig. 1 tllustrates a cross sectional view of an autospray device according to the present invention;

Fig. 2 illustrates a rear elevation of an autospray device according to the present invention.
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Fig. 3 illustrates a front elevation of a plug-in electrical device according to the present invention;
Fig. 4 illustrates a top elevation of the plug-in electrical device according to the present invention;
Fig. § illustrates a cross sectional view of the plug-in electrical device according to the present
invention;

Fig. 6 illustrates a side elevation of a plug-in electrical device according to the present invention;
Fig. 7 is a graph of the resistance output of an odour sensor plotted against power applied
thereto; and

Fig. 8 is a graph showing a magnified portion of the graph of Fig. 7 including the plot of other
ostensibly identical odour sensors.

Fig.1 illustrates a cross-sectional view of an autospray device 1 for the emanation of air treatment
agent according to the present invention. The device 1 comprises a housing 2 and Fig. 1, in
essence, shows the housing absent the front wall of the housing 2. The front wall of the housing
is provided with one or more exit orifices (not shown). The housing is sized to receive a
removable container 3 of air treatment agent therein. In Fig. 1 the container 2 of air treatment
agent is provided in the form of an aerosol canister containing air treatment agent under
pressure, the canister sits on receiving means 4 which in this embodiment are provided in the
form of a platform that supports the base of the aerosol. Also illustrated in Fig.1 are the
emanation means 5, the control means 6, airborne agent detector means 7 and a power source 8

which is Fig.1 are depicted as a pair of batteries, and these will all be discussed in great detail
below.

The emanation means 5 is provided with an arm 9 that is movable between at least two positions,
the first of these positions is illustrated in Fig.1 in which the amm is in a raised position above the
aerosol canister. The aerosol canister has a valve connected to an actuator 10 via a valve stem
11 therebetween. In the first position the arm 9 is held at least partially above the actuator 10 and
the aerosol valve remains in a closed position. In the second position of the arm 9, the
emanation means 5 causes the amm to move in a substantially downward direction to depress the
actuator 10 toward the valve, the valve stem 11 is depressed and the valve opens to pemit air
treatment agent to exit from the aerosol canister. Preferably the container 3 is a metered dose
aerosol canister which may be advantageous as a single depression of the spray head will
release a predefined quantity of fluid from the aerosol canister regardless of the duration of time
the actuator is depressed. However, a non-metered dose aerosol may be used in the device 1 as
could a non-pressurised container possessing a pump mechanism to spray the air treatment
agent therefrom.

Alternatively, the emanation means 5 could take the form of a valve system, such as a solenoid
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valve system (not shown). Such a solenoid valve system may work together with a pressurised
aerosol engaged therewith. Rather than initiate actuation by movement, the solenoid valve would

be energised to initiate the release of a quantity of fluid from the aerosol.

Although not illustrated, the device 1 may be provided with means to receive atleast two
separate containers of air treatment agent. In this arrangement the device 1 may be provided
with additional emanation means to cause the emanation of the agent, or a single set of

emanation means 5 to emanate agent from both containers as directed by the control means 6.

The control means 6 is operationally connected to the airborne agent detector means 7 and the

emanation means 5 such that it is able to communicate therebetween.

The airbome agent detector means 7 is shown to be located within dotted lines, that is because in
Fig.1 the detector means 7 is substantially completely isolated from the interior of the housing
such that any fluid present in the interior of the housing is substantially completely prevented from

passing through the housing walls 2 to be detectable by the detector means 7.

The housing 2 comprises a bottom wall 2', a top wall 2”, a front wall (not shown) and a rear wall

£

2. The rear wall 2™ is provided with a recess 12 that extends into the interior of the housing 2,
the recess 12 being concave in shape when the device is viewed from the angle depicted in

Fig.2. The recess 12 is sized to receive the airborne agent detector means 7 therein. The recess
is provided with a cover 13 that is sized to fill the recess to and substantially follow the shape

and/or contour of the exterior-facing rear wall 2’”. The cover 13 is provided with at least one
aperture 14 to pemit air outside of the device 1 to enter and its content be analysed by the
detector means 7. As shown in Figs. 1& 2, the airborne agent detector means 7 is located within
the recess 12 and the cover 13 is substantially permanently sealed to the adjacent rear wall 2™ to
substantially completely prevent ingress of any unwanted materials into the recess other than

through the aperture 14 in the cover 13.

The arrangement shown in Figs. 1& 2 illustrates how the airbome agent detector means 7 is
substantially completely isolated from the interior of the housing and this is considered to be
advantageous insofar as the device may be better protected against false detections by said
detector means 7 due to the air treatment agent erroneously and/or routinely being emanated by
the device within the interior of the housing 2. A small conduit 15 into the recess is provided to
permit a wired communication between the airborne agent detector means 7 and the control
means 6, the gap between the conduit 15 and the wire(s) is sealed to prevent the ingress of

trapped emanated air treatment agent into the recess such as with resin or adhesive or the like.

14

SUBSTITUTE SHEET (RULE 26)



CA 02777624 2012-04-13
WO 2011/045618 PCT/GB2010/051750

Although not illustrated, the airborne agent detector means 7 could wirelessly communicate with
the control means 6 in order to preserve the integrity of recess against ingress of air treatment

agent present in the interior of the housing 2.

Although not illustrated the aperture 14 can be filled with a filter membrane to prevent or
substantially prevent particulate contamination of the airbome agent detector means whilst
allowing gas diffusion therethrough. The filter membrane may be a plastics material with suitable

diffusion properties such as a poly ethylene membrane.

It can be seen in Fig.1 that the actuator 10 of the aerosol canister is arranged to spray air
treatment agent in a forward direction through the front wall of the housing (not shown) at an
angle that is generally parallel or at a slightly elevated angle to the bottom wall 2’ of the housing,
typically the device 1 will stand on a surface with its bottom wall 2’ in contact with said surface.
This arrangement ensures that the aperture 14 is spaced away from the exit orifice, and in the
arrangement itlustrated the aperture 14 is located in a housing wall that is substantially opposite
to the housing wall of the exit orifice such that air treatment agent sprayed from the container 2
will not immediately come into contact with the aperture 14.

Turning now to Figs. 3-6 the device 20 is a plug-in device intended to connected to a mains
electricity socket, the device being mounted on or carried by a electrical plug formations 21 that
extend out of the rear side of the device 20. The device 20 is illustrated in Figs. 3 & 4 with a
container 22 of volatile liquid air treatment agent engaged therewith, held in place by receiving
means 34. The container 22 has a reservaoir portion 23 in the form of a glass bottle containing the
air treatment agent 24 and a wick 25 extending from the reservoir 23 to above the top of the
bottle through a seal (not shown) and into a chimney means 26 of the device 20. The wick 25
may be substantially cylindrical and the seal is present to retain the air treatment agent 24 within
the bottle should the device 20 be knocked over and/or inverted when the container 22 is

engaged therewith.

The device 20 has a housing 27 which partially extends over an upper part of the container 22.
The top of the housing 27 has a generally circular central exit orifice 28 which is aligned with the
intended airflow from the chimney means 26.

The emanation means may be provided in the form of at least one heater means 29 and/or at
least one electric fan (not shown). The heating means 29 are illustrated as resistors, such as

positive temperature coefficient (PTC) themistors but said means could be provided by way of a

ring heater or the like, or a combination thereof.
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Although not illustrated, the device 20 may be provided with means to receive at least two
separate containers of liquid 22. In this arrangement the device 20 may be provided with

additional emanation means to cause the emanation of the air treatment agent 24.

Most preferably the top wall 27’ of the housing 27 is angled such it slopes downwardly toward the
front wall 27" and the exit orifice 28 is provided in the top wall 27°. In use, to be discussed in
more detail below, air treatment agent 24 emanated from the device 20 is directed in a generally

upward direction or a generally upward and forward direction perpendicular to the slope of the top
wall 27°.

The airbome agent detector means 30 is provided in the side wall 27" generally adjacent the
bottom wall 27" of the housing 27 located within dotted lines as said detector means 30 is
substantially completely isolated from the interior of the housing such that any fluid presentin the
interior of the housing is substantially completely prevented from passing through the housing
walls to be detectable by the detector means 30.

The housing 27 comprises is provided with a recess 31 that extends into the interior of the
housing 27, the recess 31 being concave in shape when the device is viewed from the angle
depicted in Fig.6. The recess 31 is sized to receive the airborne agent detector means 30
therein. The recess is provided with a cover 32 that is sized to fill the recess to and substantially
follow the shape and/or contour of the exterior-facing side wall 27'”. The cover 32 is provided
with at least one aperture 33 to permit air outside of the device 20 to enter and its content be
analysed by the detector means 30. The airborne agent detector means 30 is located within the
recess 31 and the cover 32 is substantially permanently sealed to the adjacent side wall 277" to
substantially completely prevent ingress of any unwanted materials into the recess other than
through the aperture 33 in the cover 32.

As with the arrangement shown in Figs. 1& 2, device 20 is arranged such that the airborne agent
detector means 30 is substantially completely isolated from the interior of the housing and this is
considered to be advantageous insofar as the device may be better protected against false
detections by said detector means 30 due to the air treatment agent erroneously and/or routinely
being emanated by the device 20 within the interior of the housing. A small conduit (not shown)
into the recess is provided to pemit a wired communication between the airborne agent detector
means 30 and a control means (not shown), the gap between the conduit and the wire(s) is
sealed to prevent the ingress of trapped emanated air treatment agent into the recess such as

with resin or adhesive or the like. Although not illustrated, the airborne agent detector means 30
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could wirelessly communicate with the control means in order to preserve the integrity of recess

31 against ingress of air treatment agent 24 present in the interior of the housing.

Although not illustrated the aperture 33 can be filled with a filter membrane to prevent or
substantially prevent particulate contamination of the airborne agent detector means whilst
allowing gas diffusion therethrough. The filter membrane may be a plastics material with suitable

diffusion properties such as a poly ethylene membrane.

For both devices 1, 20 illustrated, the air borne agent detector means 7, 30 generally comprises
at least one odour sensor means, and preferably one or more metal oxide semiconductor sensors

and/or one or more metal oxide sensors.

The mode of operation of the devices 1, 20 and the inter-relation of the components will now be

explained.

In order for any metal oxide semiconductor/metal oxide odour sensor to be operational the sensor
must heat up to an operational temperature, typically this temperature is in the order of 300 to
350°C. The devices 1, 20 may be arranged such that their control means allows power to be
applied to the sensor(s) substantially continuously in order to get the sensor(s) to an operational
temperature and thereafter the power is applied intermittently to the sensor(s) to keep the
sensor(s) at, or close to, an operational temperature such that the odour sensor may substantially
continuously or routinely measure the to quantities of airborne agents entering the aperture14,

33.

Once the metal oxide semiconductor/metal oxide odour sensor to has been heated up to an
operational temperature the pulses of power may last for substantially 45ms and a measurement
may be taken at substantially 35ms into said pulse of power, once the application of power has

ceased an off-period lasting for substantially 2.2 seconds follows.

The devices 1, 20 may be configured such that the maximum power level that may be applied to
the sensor(s) during use is substantially 70mW, and the sensor(s) are operable within a power
range of between substantially 10mW to 70mW.

To improve and/or maintain the sensitivity of the airborne agent detector means 7, 30 and prevent
the false triggering thereof, once a quantity of air treatment agent has been emanated the control

means prevents the airbome detection means 7, 30 from operating for a period of time to allow

the initial high concentration of air treatment agent surrounding the device immediately after
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emanation to subside as the agent emanates further into the surrounding environment in order to
prevent false detections of airborne agent by the detector means 7, 30. Preferably the control
means is operable to disable the airborne agent detector means 7, 30 from operating for between
1 second to 30 minutes after emanation, and more preferably 5 seconds to 15 minutes after
emanation, and even more preferably 10 seconds to 10 minutes after emanation, and most
preferably 15 seconds to 5 minutes after emanation, and ideally for substantially 100 seconds
after emanation; by virtue of this arrangement the airborne agent detector 7, 30 will also be
conserving power consumption which is particularly useful if the device depicted in Figs.1 & 2

which may be non-mains electric powered.

In use the control means is arranged to analyse signals received from the airborne agent detector
means 7, 30 to detect whether the current airborne agent level deviates from a background
airborne agent level detected by more than a predetermined amount, wherein the background

airbome agent level ana the current airborne agent level is calculated by said control means.

The control means are operable to calculate the current airborne agent level by calculating an
average of a predetermined number of most recent readings of the airborne agent detector
means 7, 30. Preferably, two to five of the most recent readings, more preferably three of the
most recent readings.

The control means may be operable to calculate the deviation of the current airborne agent level
from the background level by means of a subtraction of one from the other, and/or by means of a
ratio of one to the other.

Preferably however, the deviation is calculated by subtracting the background level from the
current airborne agent level and dividing that amount by the background level value. The result
may be multiplied by a constant, for ease of display and/or use.

The control means are operable to calculate the background airbome agent level by calculating
an average of a longer time period than that over which the current airbome agent level is
calculated. To improve the sensitivity the background airborne agent level and the current
airborme agent level are temporally offset, preferably by at least 5 seconds, more preferably by at
least 10 second, more preferably by at least 20 seconds.

Once the device 1, 20 is placed into an operational mode, the background airborne agent level
may be an average of the levels of airborne agent detected by the device throughout the duration

of that operational mode. In this arrangement the device 1, 20 may better ‘learn’ the

18

SUBSTITUTE SHEET (RULE 26)



CA 02777624 2012-04-13
WO 2011/045618 PCT/GB2010/051750

characteristics of its local environment and, during use, will be better able to provide for the
release of an air treatment agent(s) when the current airborne agent level deviates from the

background level by more than the predetermined amount.

If a user wishes to move the device 1, 20 to an alternative location, a user may be encouraged to
reset the device from the operational mode, this resetting of the device may have the effect of
zeroing the average levels of background agent such that the device is operable to ‘learn’ the
characteristics of its new environment when placed back into the operational mode by calculating

the average background agent level from no existing starting point.

The control means are operable to calculate the background airbome agent level by calculating
an average of a predetermined number of some or all of the most recent readings of the detector,
preferably 10 to 10,000 of the most recent readings.

The device 1, 20 may be provided with an initial setting mode wherein when the device is first
powered up, the control means will automatically calibrate based on the existing background
odour when the device is first switched on. Thereafter the control means are operable to
calculate the background level based on calculating a series of averages from rolling windows of
measurements from the airbome agent detector means. Each rolling window may be an average
of between two and ten readings, preferably six readings. Preferably, the windows do not overlap.
Preferably, the windows span a time period of between 5 and 30 minutes, preferably between 10
and 25 minutes, preferably between 15 and 20 minutes. There may be approximately 30 to 50
windows. The control means are operable to discard the oldest window when a new window

becomes available, preferably taking into account an offset between the current and background

levels.

Preferably, the control means are operable to adjust the predetermined level of deviation from the
background level that results in air treatment agent being released. The predetermined level may

be manually adjustable. The deviation may be a positive or negative deviation.

Where the airborne agent detector means is provided in the form of one or more metal oxide
semiconductor/metal oxide odour sensor said sensor(s) may be provided with one or more
resistors in series therewith to ensure a consistent output of signal from the sensor(s) as their
resistance changes during their operation in response to their detection of airborne agent.

Preferably the device is provided with between 3 to 5 dynamic range resistors with a 1 to 300KQ
range.
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The device 1, 20 may be provided with a user-controlled boost mechanism (not shown). In use of
the device, the activation of said boost mechanism may substantially immediately cause the
dispensing of the at least one air treatment agent.

All of the features disclosed in this specification (including any accompanying claims, abstract
and drawings), and/or all of the steps of any method or process so disclosed, may be combined
In any combination, except combinations where at least some of such features and/or steps are
mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims, abstract and
drawings) may be replaced by alternative features serving the same, equivalent or similar
purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series of equivalent or similar features.

The invention is not restricted to the details of the foregoing embodiment(s). The invention
extends to any novel one, or any novel combination, of the features disclosed in this specification

(including any accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.
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Claims
1. A method of operating a dispensing device for at least one air treatment agent, the

dispensing device comprising:

a housing having one or more walls to define an interior adapted to receive atleast one
removable container of air treatment agent at least partially therein; and within said housing the
device comprises:

an airborne agent detector means operable to detect airbome agents in the air, wherein said
means are provided with at least one aperture to the exterior of the device to permit, in use, air
from outside of the device to enter said airborne agent detector means;

receiving means for receiving said at ieast one container of air treatment agent;

emanation means adapted, in use, to emanate the air treatment agent from the device through
one or more exit orifices in the housing;

control means in communication with the emanation means and in communication with said
airbome agent detector means;

the airborne agent detector means comprises one or more metal oxide semiconductor/metal
oxide odour sensors:

characterised in that the method comprises the application of power to the sensor(s) in pulses.

2. A method according to claim 1, wherein, once the metal oxide semiconductor/metal oxide
odour sensor has been heated up to an operational temperature the pulses of power may last for
a 5 to 1000ms period with an off-period lasting between 0.5 to 10 seconds.

3. A method according to claim 1, wherein, once the metal oxide semiconductor/metal oxide
odour sensor has been heated up to an operational temperature the pulses of power may last for
a 5 to 250ms period with an off-period lasting between 0.5 to 7.5 seconds.

4. A mehtod according to claim 1, wherein, once the metal oxide semiconductor/metal oxide
odour sensor has been heated up to an operational temperature the pulses of power may last for
a 5 to 100ms period with an off-period lasting between 0.5 to 5.5 seconds.

5. A method according to claim 1, wherein, once the metal oxide semiconductor/metal oxide

odour sensor has been heated up to an operational temperature the pulses of power may last for
a 5 to 60ms period with an off-period lasting between 0.5 to 3.5 seconds.

21

SUBSTITUTE SHEET (RULE 26)



CA 02777624 2012-04-13
WO 2011/045618 PCT/GB2010/051750

6. A method according to claim 1, wherein, the pulses of power last for substantially 45ms
and a measurement is taken at substantially 35ms into said pulse of power, once the application

of power has ceased an off-period lasting for substantially 2.2 seconds follows.

7. A method according to any preceding claim, wherein a maximum power level that may be
applied to the sensor(s) during use is substantially 70mW, and more preferably substantially
50mW, and most preferably substantially 30mW.

8. A method according to any preceding claim, wherein the sensor(s) are operable within a
power range of between substantially 10mW to 70mW, and more preferably are operable within a
power range of between substantially 15mW to 50mW, and most preferably are operable within a
power range of between substantially 15mW to 30mW.

9. A method according to claim 1, wherein, power is applied to the sensor(s) substantially
continuously to get the sensor(s) to an operational temperature, thereafter the power is applied

intermittently to the sensor(s) to keep the sensor(s) at an operational temperature.

10. A method according to claim 1, wherein, power is applied to the sensor(s) substantially
continuously to get the sensor(s) to an operational temperature, thereafter the power is applied

intermittently to the sensor(s) to keep the sensor(s) close to an operational temperature.

11. A method according to claim 1, wherein, in use, power is applied to the sensor(s)
substantially continuously to get the sensor(s) to an operational temperature, thereafter followed
by a period of no application of power, wherein the non-application of power is followed by the
application of power substantially continually to get the sensor(s) to an operational temperature,
and the resultant cycle continues thereafter throughout the operation of the device.

12. A method according to any preceding claim, wherein, in use, once a quantity of air
treatment agent has been emanated the control means prevents the airborne detection means
from operating for a period of time.

13. A method according to any preceding claim, wherein, in use, the control means is

operable to disable the airborne agent detector means from operating for between 1 second to 30
minutes after emanation.
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14. A method according to any of claims 1-12, wherein, in use, the control means is operable
to disable the airborne agent detector means from operating for substantially between 90 to 180
seconds after emanation.

15. A method according to any preceding claim, wherein, in use, the at least one airborne
agent detector is operable to detect whether the current airborne agent level deviates from a
background airborme agent level detected by more than a predetermined amount, wherein the

background airbome agent level and the current airbome agent level is calculated by the device.

16. A method according to claim 15, wherein, in use, the control means are operable to
calculate the current airborne agent level by calculating an average of a predetermined number of
most recent readings of the airborne agent detector means.

17. A dispensing device for at least one air treatment agent, the dispensing device
comprising:

a housing having one or more walls to define an interior adapted to receive at least one
removable container of air treatment agent at least partially therein; and within said housing the
device comprises:

an airborne agent detector means operable to detect airbome agents in the air, wherein said
means are provided with at least one aperture to the exterior of the device to permit, in use, air
from outside of the device to enter said airborne agent detector means;

receiving means for receiving said at least one container of air treatment agent;

emanation means adapted, in use, to emanate the air treatment agent from the device through
one or more exit orifices in the housing;

control means in communication with the emanation means and in communication with said
airborme agent detector means;

the airborne agent detector means comprises one or more metal oxide semiconductor/metal
oxide odour sensors;

characterised in that the device is configured to operate in accordance with the method according

to any preceding claim.

18. A dispensing device substantially as described herein with reference to Figures 1 & 2 or

Figures 3 to 6 of the drawings.
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