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(54) A MASK AND CONTROL METHOD

(67)  The invention provides a breathing assistance
mask. A mask is provided that incorporates an air cham-
ber, afilter, an inhalation fan, an exhalation fan, a sensor
and a controller. The inhalation fan draws air through the

filter and into the mask. The exhalation fan exhausts the

exhaled air. The controller continuously runs the inhala-
tion and exhalation fans when the mask is being worn.
The controller provides a first and second rotation speed

for the fans, with the first rotation speed being non-zero

and lower than the second rotation speed. During inha-
lation, the exhalation fan runs at the firstinhalation speed
and the inhalation fan runs at the second inhalation
speed. During exhalation, the inhalation fan runs at the

first inhalation speed and the exhalation fan runs at the

second inhalation speed. The control of the inhalation
and exhalation fans ensures that the air flow in the mask
is synchronized with the breathing of the user, ultimately
making breathing more comfortable in the mask.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a mask and control
method particularly to a mask for providing filtered air to
the wearer of the mask, with the flow assisted by fans.

BACKGROUND OF THE INVENTION

[0002] Air pollution is a worldwide concern. The World
Health Organization (WHO) estimates that 4 million peo-
ple die from air pollution every year. Part of this problem
is the outdoor air quality in cities. The worst in class are
Indian cities like Delhi that have an annual pollution level
more than 10 times the recommended level. Also well-
known is Beijing, with an annual average 8.5 times the
recommended safe levels. However, even in European
cities like London, Paris and Berlin, the levels are higher
than recommended by the WHO.

[0003] A significant contributor to air pollution is par-
ticulate matter suspended in the air. Particle pollution
comes both from natural sources (such as volcanoes,
dust storms, forest and grassland fires, living vegetation
and sea spray) and from human activities (such as burn-
ing of fuels, transportation, power plants and various in-
dustrial processes). Besides these primary sources of
particles, there are also secondary sources, which are
fine particles generated through complicated atmospher-
ic chemistry reactions of gas pollutants. Secondary
sources include inorganic fine particles (e.g. sulfates, ni-
trates and ammonium salts generated by SO,, NO,, NHy)
and organic fine particles (generated by oxidation of vol-
atile organic gases).

[0004] Official outdoor air quality standards define par-
ticle matter concentration as mass concentration per unit
volume (e.g. wg/m3). A particular concern s pollution with
particles having a diameter less than 2.5 pm (termed
"PM2.5") as they are able to penetrate into the gas ex-
change regions of the lung (alveoli), and very small par-
ticles (<100 nm) may pass through the lungs to affect
other organs.

[0005] Since this problem will not improve significantly
on a short time scale, the only way to deal with this prob-
lem is to wear a mask which provides cleaner air by fil-
tration. To improve comfort and effectiveness, a fan can
be added to the mask which draws in air through a filter.
For efficiency and longevity reasons these are normally
electrically commutated brushless DC fans.

[0006] The benefit to the wearer of using a powered
mask is that the lungs are relieved of the slight strain
caused by inhalation against the resistance of the filters
in a conventional non-powered mask.

[0007] Furthermore, in a conventional non-powered
mask, inhalation also causes a slight negative pressure
within the mask which leads to leakage of the contami-
nants into the mask, which leakage could prove danger-
ous if these are toxic substances. A powered mask de-
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livers a steady stream of air to the face and may for ex-
ample provide a slight positive pressure, which may be
determined by the resistance of an exhale valve, to en-
sure that any leakage is outward rather than inward.
[0008] There have been numerous approaches to im-
proving the user experience when wearing a powered
mask. The approaches have tended to focus on regula-
tion of fan speeds, both to improve user comfort and to
improve the electrical efficiency of the fan.

[0009] For example, GB 2 032 284 discloses a respi-
rator in which the pressure inside a mask is measured
by a pressure sensor and the fan speed is varied in de-
pendence on the sensor measurements.

[0010] WO 2016/157159 discloses a respiratory mask
having different inlet and outlet paths for the user’s
breath. It also discloses that a fan can be used in either
or both of the inlet and outlet paths.

[0011] However, there remains a need for further im-
provements in the comfort of the user when using a mask.

SUMMARY OF THE INVENTION

[0012] The invention is defined by the claims.

[0013] According to examples in accordance with an
aspect of the invention, there is provided a mask com-
prising:

an air chamber;

a filter;

an inhalation fan for drawing air through the filter
from outside the air chamber into the air chamber;
an exhalation fan for drawing air from inside the air
chamber to the outside;

a sensor for detecting an inhalation and an exhala-
tion of a user; and

a controller which is adapted to:

continuously run the inhalation and exhalation
fans when the mask is being worn by the user;
determine via the sensor whether the user is in-
haling or exhaling; and

increase a rotation speed of the inhalation fan
relative to a rotation speed of the exhalation fan
at the start of inhalation; and

increase the rotation speed of the exhalation fan
relative to the rotation speed of the inhalation
fan at the start of exhalation.

[0014] The mask of the present invention ensures that
inhalation is assisted by the inhalation fan and exhalation
is assisted by the exhalation fan, whilst keeping the other
fan (the exhalation fan in the case of inhalation and the
inhalation fan in the case of exhalation) at a suitable ro-
tation speed such fan speed adjustments can be made
more quickly when there are transitions between inhala-
tion and exhalation. The inhalation and exhalation fans
thus work together and the rotation speeds of the inha-
lation and exhalation fans are carefully controlled to min-
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imize the counteraction between the fans and to facilitate
the synchronization of the air flow in the mask with the
breathing of the user, making breathing in the mask more
comfortable.

[0015] The reference to "at the start of inhalation" and
"at the start of exhalation" relates to the point in time at
which the sensor detects that inhalation or exhalation
has started. This may not correspond exactly to the
breathing cycle of the user as there will be some sensing
time lag. However, this will be negligible compared to the
overall duration of the inhalation and exhalation cycles
of the user.

[0016] Inoneembodiment, the sensor comprises a dif-
ferential pressure sensor for determining a difference in
pressure between air outside the air chamber and air
inside the air chamber. Differential pressure sensors are
readily available and easy to use.

[0017] The rotation speed is preferably increased by
pulse width modulation having a duty cycle. Pulse width
modulation is a common technique that allows simple
control of the rotation speed.

[0018] In another embodiment, the inhalation and ex-
halation fans are driven by an electronically commutated
brushless motor. Electronically commutated brushless
motors are preferred for efficiency and longevity reasons.
[0019] Considering the rotation speed in further detail,
the inhalation fan has a first rotation speed and a second
rotation speed, and the exhalation fan has a first rotation
speed and a second rotation speed, and the second ro-
tation speed is higher than the first rotation speed. This
provides a low idling speed which uses minimal power,
but reduces latency. For example, the first rotation speed
of both fans is usually 10-500, preferably 50-100 rpm.
The second rotation speed is usually 5-50, preferably
10-30 times higher than the first rotation speed. This pro-
vides a significant increase to assist the breathing of the
user. Further, the second rotation speed may be tailored
to the breathing of the user (e.g. breath frequency and
tidal volume) and may be adjusted to take into account
different breathing scenarios (e.g. walking and running).
[0020] The first rotation speed of the inhalation fan is
preferably the same as the first rotation speed of the ex-
halation fan. This provides a consistent user experience,
in terms of feel and sound. The second rotation speed
of the inhalation fan may be the same as or different to
the second rotation speed of the exhalation fan, depend-
ing on the design of the inlet and outlet flow paths of the
mask and the differential pressure inside the mask cre-
ated by the inhalation fan and the exhalation fan. For
example, if air is drawn into the mask through the filter
and drawn out of the mask through a valve, the inhalation
fan would need to generate a higher pressure than the
exhalation fan. This could be achieved using a higher
second rotation speed for the inhalation fan than for the
exhalation fan.

[0021] Inoneembodiment, the mask further comprises
a switch for starting and stopping the inhalation and ex-
halation fans. This would allow the user to have full con-
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trol over when to start and stop the inhalation and exha-
lation fans. For example, the user could ensure that the
inhalation and exhalation fans are switched off at all times
when the mask is not in use.

[0022] There may instead be detection of when the
mask is being worn to provide automatic control of the
fans.

[0023] The filter comprises a filter member in series
with the inhalation fan. The outer wall of the air chamber
may define the filter or else a filter may be provided only
at the location of the inhalation fan. In this way, the air
entering the mask is filtered.

[0024] In another aspect of the invention, there is pro-
vided a method of controlling a mask, comprising:

continuously running an inhalation fan and an exha-
lation fan when the mask is being worn by a user;
drawing air into and out of an air chamber of the
mask using the inhalation and exhalation fans;
detecting an inhalation and an exhalation of the user;
determining whether the user is inhaling or exhaling;
and

increasing a rotation speed of the inhalation fan rel-
ative to a rotation speed of the exhalation fan at the
start of inhalation, and

increasing the rotation speed of the exhalation fan
relative to the rotation speed of the inhalation fan at
the start of exhalation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Examples oftheinvention will now be described
in detail with reference to the accompanying drawings,
in which:

Fig. 1 shows a mask containing an inhalation fan and
an exhalation fan;

Fig. 2 shows one example of the components of the
mask;

Fig. 3 shows the relative rotation speeds of the in-
halation and exhalation fans in use;

Figs. 4a and 4b shows the pulse width modulations
of the inhalation and exhalation fans during use cor-
responding to the first and second rotation speeds
of Fig. 3;

Fig. 5 shows a mask operating method.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0026] The invention provides a breathing assistance
mask. A mask is provided that incorporates an air cham-
ber, afilter, an inhalation fan, an exhalation fan, a sensor
and a controller. The inhalation fan draws air through the
filter and into the mask. The exhalation fan exhausts the
exhaled air. The controller continuously runs the inhala-
tion and exhalation fans when the mask is being worn.
The controller provides a first and second rotation speed
for the fans, with the first rotation speed being non-zero
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and lower than the second rotation speed. During inha-
lation, the exhalation fan runs at the firstinhalation speed
and the inhalation fan runs at the second inhalation
speed. During exhalation, the inhalation fan runs at the
first inhalation speed and the exhalation fan runs at the
second inhalation speed. The control of the inhalation
and exhalation fans ensures that the air flow in the mask
is synchronized with the breathing of the user, ultimately
making breathing more comfortable in the mask.
[0027] The inhalation fan and exhalation fan work to-
gether to generate a flow of air through the mask. How-
ever, it has been found that they counteract each other,
disrupting the flow of air through the mask. In particular,
investigations performed by the applicant have found la-
tency problems when switching between inhalation and
exhalation fans during use. This has been found to be a
factor in poor synchronization with the breathing of the
user, making breathing uncomfortable.

[0028] In the mask of the invention, an inhalation fan
and an exhalation fan are continuously run so that their
rotation speeds never fall back to zero. This reduces the
start-up latency of the fans and minimizes the time it takes
for the air flow in the mask to synchronize with the breath-
ing of the user. Continuously running the inhalation and
exhalation fans at least a minimum level ensures that
there is minimal delay when switching the operation of
the inhalation fan to the exhalation fan during the transi-
tion between inhalation and exhalation, and when switch-
ing the operation of the exhalation fan to the inhalation
fan during the transition between exhalation and inhala-
tion. The impulse required to change the fan speed during
use is thus reduced so that the desired fan speed chang-
es can be made more quickly. Thus, the air flow in the
mask may be synchronized more easily with the breath-
ing of the user, ultimately making breathing in the mask
more comfortable.

[0029] By determining via a sensor whether the user
is inhaling or exhaling, a controller is able to adjust the
rotation speed of the inhalation fan and the rotation speed
of the exhalation fan. The controller is adapted to in-
crease the rotation speed of the inhalation fan relative to
the rotation speed of the exhalation fan when the user
starts aninhalation cycle, and increase the rotation speed
of the exhalation fan relative to the rotation speed of the
inhalation fan when the user starts an exhalation cycle.
This reduces the interference between the inhalation and
exhalation fans so that again the air flow in the mask is
synchronized with the breathing of the user, ultimately
making breathing in the mask more comfortable.
[0030] Fig. 1 shows a mask of the invention containing
an inhalation fan and an exhalation fan.

[0031] A user 10 is shown wearing a face mask 11
which covers at least the nose and mouth of the user.
The purpose of the maskis to filter air before it is breathed
in by the user. For this purpose, in Fig. 1, the mask body
itself acts as an air filter 12. Air is drawn into an air cham-
ber 13 formed by the mask by inhalation. An inhalation
fan 14 assists in the drawing of air through the filter 12
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from outside the air chamber 13 into the air chamber 13.
The inhalation fan 14 is positioned before or after the
filter 12.

[0032] When the subject breathes out, airis exhausted
through the air chamber 13 by exhalation. An exhalation
fan 15 assists in the drawing of air from inside the air
chamber 13 to the outside. The exhaust air does not need
to pass through the filter, but it could be drawn through
the filter by the exhalation fan as well.

[0033] In use, the inhalation fan 14 and the exhalation
fan 15 are run continuously. This avoids start-up latency.
Running the inhalation and exhalation fans continuously
means that the impulse required to change the fan speed
settings during use is reduced so that the air flow in the
mask synchronizes with the breathing of the user, ulti-
mately making breathing in the mask more comfortable.
[0034] Fig. 2 shows one example of the components
of the mask. The same components as in Fig. 1 are given
the same reference numbers.

[0035] In addition to the components shown in Fig. 1,
Fig. 2 shows a controller 20, a local battery 21 and a
sensor 22 for detecting the inhalation or the exhalation
of the user.

[0036] Theinhalationfan 14 comprisesafanblade 14a
and a fan motor 14b. The exhalation fan 15 comprises a
fan blade 15a and a fan motor 15b. In one example, the
fan motors 14b and 15b are electronically commutated
brushless motors. Electronically commutated brushless
DC fans have internal sensors that measure the position
of the rotor and switch the current through the coils in
such a way that the rotor rotates.

[0037] The sensor 22 for detecting an inhalation and
an exhalation of the user may be a differential pressure
sensor for determining a difference in pressure between
air outside the air chamber and air inside the air chamber.
For example, for a known pressure (e.g. atmospheric
pressure) at one side of the inhalation and exhalation
fans, the pressure monitoring enables determination of
a pressure, or at least a pressure change, on the other
side of the inhalation and exhalation fans. This other side
is for example a closed chamber which thus has a pres-
sure different to atmospheric pressure. In this way, inha-
lation and exhalation may be detected.

[0038] By detecting equal pressure on each side of the
inhalation and exhalation fans, it can then be determined
thatthe chamber is not closed but is connected to atmos-
pheric pressure on both sides. In this way, no inhalation
and exhalation is detected. This can also signal that the
mask is not being worn, and can thus be used to switch
off the fans to save power.

[0039] The pressure difference information is transmit-
ted to the controller 20. The controller 20 then determines
whether the user is inhaling or exhaling. For example, a
decrease in pressure in the air inside the air chamber
relative to the air outside the air chamber would corre-
spond to an inhalation and an increase in pressure in the
air inside the air chamber relative to the air outside the
air chamber would correspond to an exhalation.
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[0040] A suitable differential pressure sensor is one
from the Sensirion (Trade Mark) SPD60x series. In an-
other embodiment, the sensor comprises a differential
pressure sensor having a measurement range of -500 to
500 Pa. This covers the breathing pressure range. Other
sensors can also be used to determine whether a user
is inhaling or exhaling. For example, temperature, hu-
midity, carbon dioxide, oxygen or a combination of any
of the above sensors may be used.

[0041] If a transition from exhalation to inhalation is
determined, the controller 20 sends a signal to the inha-
lation fan motor 14b to increase the rotation speed of the
inhalation fan blade 14a and sends a signal to the exha-
lation fan motor 15b to decrease the rotation speed of
the exhalation fan blade 15a. In this way, the rotation
speed of the inhalation fan increases relative to the ro-
tation speed of the exhalation fan. Conversely, if a tran-
sition from inhalation to exhalation is determined, the
controller 20 sends a signal to the exhalation fan motor
15b to increase the rotation speed of the exhalation fan
blade 15a and sends a single to the inhalation fan motor
14b to decrease the rotation speed of the inhalation fan
blade 14a. In this way, the rotation speed of the exhala-
tion fan increases relative to the rotation speed of the
inhalation fan.

[0042] In a most simple example, the rotation speeds
of the inhalation and exhalation fans alternate between
two set values, with the changes in rotation speed imple-
mented at the detection transitions between inhalation
and exhalation.

[0043] Fig. 3 shows the relative rotation speeds of the
inhalation and exhalation fans in use. In the mask of the
invention, the inhalation fan 14 has a first rotation speed
("1") and a second rotation speed ("2"). Similarly, the ex-
halation fan 15 has a first rotation speed ("1") and a sec-
ond rotation speed ("2"). In both cases, the second rota-
tion speed is higher than the first rotation speed.

[0044] In Fig. 3, the inhalation and exhalation fans 14,
15 alternate between level 1 and level 2. Level 1 repre-
sents the first rotation speed and level 2 represents the
second rotation speed. The first rotation speed is a min-
imum, non-zero rotation speed. In use, the fans will not
operate below the first rotation speed, i.e. they are run-
ning continuously.

[0045] The second rotation speed is higher than the
first rotation speed, for both the inhalation 14 and exha-
lation 15 fans.

[0046] Fig. 3 starts on an exhalation. On exhalation,
exhalation fan 15 is at level 2 and inhalation fan 14 is at
level 1. In this way, the rotation speed of the exhalation
fan 15 is higher than the rotation speed of the inhalation
fan 14. On detection of the subsequent inhalation, the
speed of inhalation fan 14 increases to level 2 and the
speed of exhalation fan 15 decreases to level 1.

[0047] When inhalation is determined, the rotation
speed of the inhalation fan 14 increases relative to the
rotation speed of the exhalation fan 15. When exhalation
is determined, the rotation speed of the exhalation fan
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15 increases relative to the rotation speed of the inhala-
tion fan 14. In this way, the air flow in the mask is syn-
chronized with the breathing of the user, ultimately mak-
ing breathing in the mask more comfortable. The rotation
speed of the inhalation and exhalation fan is varied by
varying the supplied voltage.

[0048] Preferably, more air is removed than exhaled
so that additional air is supplied to the face. This increas-
es comfort owing to a lowering of the relative humidity
and cooling.

[0049] Typically, the first rotation speed of the inhala-
tion fan 14 is the same as the first rotation speed of the
exhalation fan 15. For example, the first rotation speed
of the inhalation fan 14 and the first rotation speed of the
exhalation fan 15 may be 10-500 rpm, more preferably
50-100 rpm.

[0050] The second rotation speed of the inhalation fan
14 and the second rotation speed of the exhalation fan
15 may be 5-50 times higher than the first rotation
speeds, more preferably 10-30 times. The second rota-
tion speed may be tailored to the breathing of the user
(e.g. breath frequency and tidal volume) and may be ad-
justed to take into account different breathing scenarios
(e.g. walking and running).

[0051] Thus, on inhalation, the increase in the rotation
speed of the inhalation fan 14 relative to a rotation speed
of the exhalation fan 15 is preferably provided by the
controller causing the inhalation fan 14 to run at its sec-
ond rotation speed and the exhalation fan 15 to run atits
first rotation speed. Conversely, on exhalation, the in-
crease in the rotation speed of the exhalation fan 15 rel-
ative to a rotation speed of the inhalation fan 14 is pref-
erably provided by the controller causing the inhalation
fan 14 to run at its first rotation speed and the exhalation
fan 15 to run at its second rotation speed.

[0052] The rotation speeds to be used may be deter-
mined during a calibration process or they may be pro-
vided by the fan manufacturer. The calibration process
for example involves analyzing the fan speed information
over a period during which the user is instructed to inhale
and exhale regularly with normal breathing. The captured
fan speed information can then be used to determine the
first, second and any intermediate rotation speeds. The
controller may also provide for settings for the user to
regulate the rotation speeds of the first, second and any
intermediate rotation speeds.

[0053] There may also be a number of intermediate
rotation speeds at which the inhalation and exhalation
fans may be run between the first and second rotation
speeds. However, the first rotation speed normally sets
the minimum rotation speed. The minimum speed ideally
provides an optimum balance between lag time and pow-
er efficiency. The second rotation speed is typically de-
pendent onthe breathing of the user (e.g. breath frequen-
cy and tidal volume) and could be adjusted to take into
account different breathing scenarios (e.g. walking and
running). In one simple embodiment, the second rotation
speed sets the maximum rotation speed. In this way, the
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second rotation speed ideally provides an optimum bal-
ance between lag time and power efficiency on the one
hand, and the assistance given to the user on the other.
[0054] In one embodiment, the rotation speeds of the
inhalation and exhalation fans are controlled by a pulse
width modulation signal, whereby the duty cycle controls
the rotation speed.

[0055] Figs. 4a and 4b show examples of the pulse
width modulations that can be used to increase the rota-
tion speed of the inhalation and exhalation fans. The
pulse width modulation shown in Fig. 4a corresponds to
level 1in Fig. 3 (first rotation speeds) and the pulse width
modulation shown in Fig. 4b corresponds to level 2 in
Fig. 3 (second rotation speeds). As can be seen from
Figs. 4a and 4b, the first rotation speed has a lower duty
cycle than the second rotation speed.

[0056] When the maskisnotin use, it may be switched
off. In one embodiment, the mask comprises a switch for
starting and stopping the inhalation fans. When the mask
is switched on, both fans may start operating at a first
rotation speed. Alternatively, the fans may start when the
mask is worn by the user. In this embodiment, the sensor
in the mask may be used to determine when the mask
is being worn and start the fans. The mask may then go
straight into its operating mode with the fan speeds being
determined by the point in the user’s inhalation/exhala-
tion cycle.

[0057] Fig. 5 shows a mask operating method. The
method comprises:

in step 50, continuously running an inhalation fan
and an exhalation fan when the mask is being worn
by a user;

in step 51, drawing air into and out of an air chamber
of the mask using the inhalation and exhalation fans;
in step 52, detecting an inhalation and an exhalation
of the user;

in step 53, determining whether the user is inhaling
or exhaling; and

in step 54, increasing a rotation speed of the inha-
lationfanrelative to a rotation speed of the exhalation
fan on inhalation, and

increasing the rotation speed of the exhalation fan
relative to the rotation speed of the inhalation fan on
exhalation.

[0058] Therefore, the flow of the forced air through the
mask synchronizes with the breathing of the user, making
breathing in the mask more comfortable. The mask may
be for covering only the nose and mouth (as shown in
Fig. 1) or it may be a full face mask.

[0059] The example shown is a mask for filtering am-
bient air. However, the mask may be used with a breath-
ing gas from an external supply, for example a breathing
assistance device, such as a continuous positive air pres-
sure (CPAP) system.

[0060] The maskdesigndescribed above has the main
air chamber formed by the filter material, through which
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the user breathes in air.

[0061] An alternative mask design has the filter in se-
ries with the fan as also mentioned above but has a non-
permeable outer housing. In this case, the inhalation fan
assists the user in drawing in air through the filter, thus
reducing the breathing effort for the user. An inlet valve
may be provided adjacent to the inhalation fan and an
outlet valve may be provided adjacent to the exhalation
fan.

[0062] It will be seen that the invention may be applied
to many different mask designs, with fan-assisted inha-
lation and exhalation, and with an air chamber formed
by a filter membrane or with a sealed hermetic air cham-
ber.

[0063] As discussed above, embodiments make use
of a controller, which can be implemented in numerous
ways, with software and/or hardware, to perform the var-
ious functions required. A processor is one example of
a controller which employs one or more microprocessors
thatmay be programmed using software (e.g. microcode)
to perform the required functions. A controller may how-
ever be implemented with or without employing a proc-
essor, and also may be implemented as a combination
of dedicated hardware to perform some functions and a
processor (e.g. one or more programmed microproces-
sors and associated circuitry) to perform other functions.
[0064] Examples of controller components that may be
employed in various embodiments of the present disclo-
sure include, but are not limited to, conventional micro-
processors, application specific integrated circuits
(ASICs), and field-programmable gate arrays (FPGASs).
[0065] Invariousimplementations, a processor or con-
troller may be associated with one or more storage media
such as volatile and non-volatile computer memory such
as RAM, PROM, EPROM, and EEPROM. The storage
media may be encoded with one or more programs that,
when executed on one or more processors and/or con-
trollers, perform the required functions. Various storage
media may be fixed within a processor or controller or
may be transportable, such that the one or more pro-
grams stored thereon can be loaded into a processor or
controller.

[0066] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.
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Claims

1.

A mask (11) comprising:

an air chamber (13);

a filter (12);

an inhalation fan (14) for drawing air through the
filter from outside the air chamber (13) into the
air chamber (13);

an exhalation fan (15) for drawing air from inside
the air chamber (13) to the outside;

a sensor (22) for detecting an inhalation and an
exhalation of a user (10); and a controller (20)
which is adapted to:

continuously run the inhalation fan (14) and
the exhalation fan (15) when the mask is
being worn by the user;

determine via the sensor (22) whether the
user is inhaling or exhaling; and

increase a rotation speed of the inhalation
fan (14) relative to a rotation speed of the
exhalation fan (15) at the start of inhalation,
and

increase the rotation speed of the exhalation fan
(15) relative to the rotation speed of the inhala-
tion fan (14) at the start of exhalation.

A mask as claimed in claim 1, wherein the sensor
(22) comprises a differential pressure sensor for de-
termining a difference in pressure between air out-
side the air chamber (13) and air inside the air cham-
ber (13).

A mask as claimed in any preceding claim, wherein
the rotation speed is controlled by a pulse width mod-
ulation signal.

A mask as claimed in any preceding claim, wherein
the inhalation and exhalation fans (14, 15) are driven
by electronically commutated brushless motors.

A mask as claimed in any preceding claim, wherein
the inhalation fan (14) has a first rotation speed and
a second rotation speed, and the exhalation fan (15)
has a first rotation speed and a second rotation
speed, and the second rotation speed of both fans
is higher than the first rotation speed of both fans.

A mask as claimed in claim 5, wherein the first rota-
tion speed of both fans is 10-500 rpm.

A mask as claimed in claim 5 or 6, wherein the sec-
ond rotation speed of both fans is 5-50 times higher

than the first rotation speed of both fans.

A mask as claimed in any of claims 5-7, wherein the
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10.

1.

first rotation speed of the inhalation fan (14) is the
same as the first rotation speed of the exhalation fan
(15).

A mask as claimed in any preceding claim, wherein
the mask further comprises a switch for starting and
stopping the inhalation and exhalation fans (14, 15).

A mask as claimed in any preceding claim, wherein
the filter (12) comprises an outer wall of the air cham-
ber (13), or a filter member in series with the inhala-
tion fan (14).

A method of controlling a mask (11) comprising:

continuously running an inhalation fan (14) and
an exhalation fan (15) when the mask is being
worn by a user (10);

drawing air into and out of an air chamber (13)
of the mask using the inhalation and exhalation
fans (14, 15);

detecting an inhalation and an exhalation of the
user;

determining whether the user is inhaling or ex-
haling; and

increasing a rotation speed of the inhalation fan
(14) relative to a rotation speed of the exhalation
fan (15) at the start of inhalation, and
increasing the rotation speed of the exhalation
fan (15) relative to the rotation speed of the in-
halation fan (14) at the start of exhalation.
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