EP 3 669 948 A1

(19)

(12)

(43)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 669 948 A1

EUROPEAN PATENT APPLICATION

Date of publication:
24.06.2020 Bulletin 2020/26

Application number: 18214381.8

Date of filing: 20.12.2018

(51) IntClL:

A62B 18/00 (2006.0%)

(84)

(71)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA ME

Designated Validation States:

KH MA MD TN

Applicant: Koninklijke Philips N.V.
5656 AG Eindhoven (NL)

(72) Inventors:

* KONG, Tao (Terry)

5656 AE Eindhoven (NL)
e CHEN, Weizhong

5656 AE Eindhoven (NL)

(74) Representative: de Haan, Poul Erik et al

Philips International B.V.

Philips Intellectual Property & Standards
High Tech Campus 5

5656 AE Eindhoven (NL)

(54)

(57)

A POLLUTION MASK AND CONTROL METHOD

An active fan-assisted pollution mask makes

use of an optical sensor for detecting rotation of the fan
and, during fan rotation, the speed of rotation. Breathing
cycle detection and/or an automatic turn on and/or turn
off function of the fan are implemented based on the anal-
ysis of the optical sensor signal. The use of an optical
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sensor provides a low cost and compact way to imple-
ment an automatic control function. It avoids the need
for any particular fan design, since the detection is based
on optical analysis of the fan rotation rather than analysis
of electrical fan signals.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a pollution mask, for
providing filtered air to the wearer of the mask, with the
flow assisted by a fan.

BACKGROUND OF THE INVENTION

[0002] The World Health Organization (WHO) esti-
mates that 4 million people 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. Well known is Beijing with an annual
average 8.5 times the recommended safe levels. How-
ever, even in European cities like London, Paris and Ber-
lin, the levels are higher than recommended by the WHO.
[0003] 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 one or two
fans can be added to the mask.

[0004] 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.

[0005] 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-
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.
[0006] There are several advantages if the fan opera-
tion or speed is regulated. This can be used to improve
comfort by more appropriate ventilation during the inha-
lation and exhalation sequence or it can be used to im-
prove the electrical efficiency. The latter translates into
longer battery life or increased ventilation. Both of these
aspects need improvement in current designs.

[0007] To regulate the fan speed, the pressure inside
the mask can be measured and both pressure as well as
pressure variation can be used to control the fan.
[0008] For example, the pressure inside a mask can
be measured by a pressure sensor and the fan speed
can be varied in dependence on the sensor measure-
ments, for example based on detecting the inhalation and
exhalation phases. A pressure sensor is costly soit would
be desirable to provide an alternative method.

[0009] Fan-operated masks are battery-operated de-
vices, so thatitis desirable to reduce power consumption
to a minimum as well as keeping the cost to a minimum.
One issue is that the fan may be left on when the mask
is not being worn, and this results in unnecessary power
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consumption. It is possible to provide sensors dedicated
to detecting when the mask is worn, but this increases
the cost of the breathing mask.

[0010] When the putting on the mask, a user typically
activates a switch to switch on the fan. This switch adds
cost to the mask, takes up space and switching on is
inconvenient. An automatic electronic switch-on function
would avoid these disadvantages. However, this normal-
ly also requires a dedicated sensor that senses the use
of the mask.

[0011] It would therefore be desirable to find a lower
cost solution at least for providing automatic turn on
and/or turn off functions, for example based on detecting
that the mask is worn or not.

SUMMARY OF THE INVENTION

[0012] The invention is defined by the claims.

[0013] According to examples in accordance with an
aspect ofthe invention, there is provided a pollution mask
comprising:

an air chamber;

a fan for drawing air from outside the air chamber
into the air chamber and/or drawing air from inside
the air chamber to the outside;

an optical sensor for detecting rotation of the fan and,
during fan rotation, to detect the speed of rotation;
and

a controller (30) which is adapted, based on an anal-
ysis of the optical sensor signal, to:

implement an automatic turn on and/or turn off
function of the fan; and/or
detect the breathing cycles of a user.

[0014] The invention relates to a pollution mask. By
this is meant a device which has the primary purpose of
filtering ambient air to be breathed by the user. The mask
does not perform any form of patient treatment. In par-
ticular, the pressure levels and flows resulting from the
fan operation are intended solely to assist in providing
comfort (by influencing the temperature or relative hu-
midity in the air chamber) and/or to assist in providing a
flow across a filter without requiring significant additional
breathing effort by the user. The mask does not provide
overall breathing assistance compared to a condition in
which the user does not wear the mask.

[0015] Thefan may be for providing anincreased pres-
sure in the air chamber (e.g. a flow into the air chamber
during inhalation). In such a case, it is only required to
provide a small increased pressure, for example for as-
sisting inhalation of the user.

[0016] Thefanmay instead be only for drawing air from
inside the air chamber to the outside. In this way, it may
promote a supply of fresh filtered air to the air chamber
even during exhalation, which improves user comfort. In
this case, the pressure in the air chamber may for exam-
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ple be below the outside (atmospheric) pressure at all
times so that fresh air is always supplied to the face.
During exhalation, the pressure may still however be
higher than the ambient pressure if there is a slow fan
speed or high exhalation volume.

[0017] Thus,there are different possible intended func-
tions of the fan.

[0018] The use ofan optical sensor provides alow cost
and compactway toimplement an automatic turn on func-
tion and/or an automatic turn off function. It avoids the
need for any particular fan design, since the detection is
based on optical analysis of the fan rotation rather that
analysis of electrical fan signals.

[0019] The controller is adapted to implement an au-
tomatic control function.

[0020] The automatic control function may comprise
an automatic turn on function of the fan based on detect-
ing fan rotation caused by a user’s breath while the fan
is not activated. In this way, only the optical sensor needs
to be powered to detect the fan rotation, and the user’'s
breath will create enough fan movement to be detected.
[0021] Thecontrollerisfor example adapted to operate
in a discontinuous optical sensing mode when the fan is
turned off. This saves power.

[0022] The automatic control function implemented by
the controller may be an automatic turn off function of
the fan based on detecting a uniform fan speed.

[0023] This uniform speed is indicative that the mask
is not worn.
[0024] By determining ifthe maskisnotworn, the mask

design enables power to be saved. In particular, if the
fan speed is not modulated by the user’s breathing, it
indicates thatthe maskis notworn. The fan may be turned
off when it is detected that the mask is not worn.

[0025] The automatic control function implemented by
the controller may for example be to detect the breathing
cycles of auser based on detecting changes in fan speed
over time.

[0026] Inthisway,thefanisabletobe controlled based
on the user’s breathing pattern. Additionally or alterna-
tively, an outlet valve may be controlled in dependence
on the phase of the respiration cycle, or the fan may be
turned off during an inhalation time. This may be used to
save power. Shutting down the fan during inhalation may
be desirable for a user who does not have difficulty
breathing through the filter, to save power if configured
in such a way.

[0027] The controller may be adapted to detect a
breathing frequency of a user based on detecting a
changes in fan speed over time and control the fan in
dependence on the breathing frequency. The fan speed
may for example be increased if the user is breathing
more rapidly, which may indicate that the user is exer-
cising.

[0028] The mask may further comprise a filter which
forms a boundary directly between the air chamber and
the ambient surroundings outside the air chamber. The
user thus breathes through the filter. The filter may com-
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prise an outer wall of the air chamber.

[0029] The filter forms a boundary directly between the
air chamber and the ambient surroundings outside the
air chamber. This provides a compact arrangement
which avoids the need for flow transport passageways.
It means the user is able to breathe in through the filter.
The filter may have multiple layers. For example, an outer
layer may form the body of the mask (for example a fabric
layer), and an inner layer may be for removing finer pol-
lutants. The inner layer may then be removable for clean-
ing or replacement, but both layers may together be con-
sidered to constitute the filter, in that air is able to pass
through the structure and the structure performs a filter-
ing function.

[0030] The filter thus preferably comprises an outer
wall of the air chamber and optionally one or more further
filter layers. This provides a particularly compactarrange-
ment and enables a large filter area, because the mask
body performs the filtering function. The ambient air is
thus provided directly to the user, when the user breathes
in, through the filter.

[0031] The mask may further comprise an outlet valve
for controllably venting the air chamber to the outside, or
an inlet valve to introduce air from outside into the air
chamber, wherein the valve comprises a passive pres-
sure-regulated check valve or an actively driven electri-
cally controllable valve.

[0032] This may be used to make the mask more com-
fortable. During inhalation, by closing the valve (actively
or passively), it is prevented that unfiltered air is drawn
in. During exhalation, the valve is opened so that
breathed out air is expelled.

[0033] The optical sensor may comprise:

a light source and a light detector, on opposite sides
of the fan; or

a light source and a light detector on one side of the
fan, and a reflector on the fan.

[0034] Thus, there are different options for the optical
sensor.
[0035] The invention also provides a non-therapeutic

method of controlling a pollution mask, comprising:

drawing air from outside an air chamber into the air
chamber and/or drawing air from inside the air cham-
ber to the outside using a fan;

using an optical sensor to detect rotation of the fan
and, during rotation, detect the speed of rotation;
and, based on an analysis of the detected rotation:

implementing an automatic turn on and/or turn

off function of the fan; and/or

detecting the breathing cycles of a user.
[0036] The method may comprise:

implementing an automatic turn on function of the
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fan by detecting fan rotation caused by a user’s
breath while the fan is not activated; and/or
implementing an automatic turn off function of the
fan by detecting a uniform fan speed.
[0037] The method may comprise:
detecting the breathing cycles of a user based on
detecting changes in fan speed over time; and/or
detecting a breathing frequency of a user based on
detecting changes in fan speed over time and con-
trolling the fan in dependence on the breathing fre-
quency.

[0038] The invention also provides a computer pro-
gram which comprises computer program code means
which is adapted, when said program is run on a com-
puter, to implement the method defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Examples of the invention willnow be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows a face mask in which fan rotation
may be detected;

Figure 2 shows one example of the components of
the system of Figure 1;

Figure 3 shows a typical waveform of the optical sen-
sor signal;

Figure 4 shows various possible light intensity pat-
terns;

Figure 5is used to explain an automatic turn on func-
tion;

Figure 6 is used to explain an automatic turn off func-
tion; and

Figure 7 shows a mask operating method.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0040] The invention will be described with reference
to the Figures.
[0041] It should be understood that the detailed de-

scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0042] The invention provides an active fan-assisted
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pollution mask which makes use of an optical sensor for
detecting rotation of the fan and, during fan rotation, the
speed of rotation. Breathing cycle detection and/or an
automatic turn on and/or turn off function of the fan are
implemented based on the analysis of the optical sensor
signal. The use of an optical sensor provides a low cost
and compact way to implement an automatic control
function. It avoids the need for any particular fan design,
since the detection is based on optical analysis of the fan
rotation rather than analysis of electrical fan signals.
[0043] The automatic control function is thus based on
detecting respiration characteristics of the user from an
optical analysis of the fan rotation. These respiration
characteristics for example include whether or not the
user is breathing into the mask, and/or the timing of their
inhalation and exhalation.

[0044] Figure 1shows aface maskinwhichfanrotation
may be detected.

[0045] A subject 10 is shown wearing a face mask 12
which covers the nose and mouth of the subject. The
purpose of the mask is to filter air before it is breathed in
the subject. For this purpose, the mask body itself acts
as an air filter 16. Air is drawn in to an air chamber 18
formed by the mask by inhalation. In one example, during
inhalation, an outlet valve 22 such as a check valve is
closed due to the low pressure in the air chamber 18.
[0046] The filter 16 may be formed only by the body of
the mask, or else there may be multiple layers. For ex-
ample, the mask body may comprise an external cover
formed from a porous textile material, which functions as
a pre-filter. Inside the external cover, a finer filter layer is
reversibly attached to the external cover. The finer filter
layer may then be removed for cleaning and replace-
ment, whereas the external cover may for example be
cleaned by wiping. The external cover also performs a
filtering function, for example protecting the finer filter
from large debris (e.g. mud), whereas the finer filter per-
forms the filtering of fine particulate matter. There may
be more than two layers. Together, the multiple layers
function as the overall filter of the mask.

[0047] Taking the exhalation fan for example, when
the subject breathes out, air is exhausted through the
outlet valve 22. This valve is opened to enable easy ex-
halation, but is closed during inhalation. A fan 20 assists
in the removal of air through the outlet valve 22. Prefer-
ably, more air is removed than exhaled so that additional
air is supplied to the face. This increases comfort due to
lowering relative humidity and cooling. During inhalation,
by closing the valve, it is prevented that unfiltered air is
drawn in.

[0048] The timing of the outlet valve 22 is thus depend-
ent on the breathing cycle of the subject. The outlet valve
may be a simple passive check valve operated by the
pressure difference across the filter 16. However, it may
instead be an electronically controlled valve.

[0049] The pressure inside the closed chamber when
the mask is worn will vary as a function of the breathing
cycle ofthe subject. When the subject breathes out, there
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will be a slight pressure increase and when the subject
breathes in there will be a slight pressure reduction.
[0050] If the fan is driven with a constant drive level
(i.e. voltage), the different prevailing pressure will mani-
fest itself as a different load to the fan, since there is a
different pressure drop across the fan. This altered load
will then result in a different fan speed.

[0051] The invention makes use of optical detection of
the rotation speed of the fan. An optical sensor 24 is
provided for detecting rotation of the fan and, during fan
rotation, to detect the speed of rotation.

[0052] Figure 2 shows one example of the components
of the system. The same components as in Figure 1 are
given the same reference numbers.

[0053] In addition to the components shown in Figure
1, Figure 2 shows a controller 30 and a local battery 32
and it also shows that the optical sensor 24 comprises a
light source 24a and a light detector 24b.

[0054] The fan 20 comprises a set of fan blades 20a
and a fan motor 20b. In one example, the fan motor 20b
is an electronically commutated brushless motor.
[0055] The optical sensor 24 comprises a light source
24a on one side of the fan blades and a light detector on
the opposite side of the fan blades. Thus, light reaches
the detector when a gap between fan blades is present,
and light is blocked when a fan blade is in the space.
[0056] Figure 3 shows a typical waveform of the optical
sensor signal, as light intensity versus time. The peaks
of light intensity correspond to the light passing through
the gaps between the fan blades, and the troughs corre-
spond to the light being blocked by the fan blades. The
time period T is representative of the fan speed.

[0057] Thus, by monitoring the time period, the fan
speed can be monitored. This in turn enables the fan load
to be monitored, which differs as between inhaling and
exhaling when the mask is worn, whereas it will be more
constantwhen the mask is notworn. Taking an exhalation
fan for example, during exhalation, the rotation speed of
the fan will be increased due to the exhaled air flow, re-
sulting a higher frequency. During inhalation, the rotation
speed of the fan will be decreased (compared to exha-

lation).

[0058] Figure 4 shows various possible light intensity
patterns.

[0059] Figure 4(A) shows a fully off state in which the

light sensor is turned off and there is no light sensor sig-
nal.

[0060] Figure 4(B) shows the light intensity during in-
halation.
[0061] Figure 4(C) shows the light intensity during ex-

halation, giving a faster fan speed compared to inhalation
(for the example of an exhalation fan).

[0062] Figure 4(D) shows how the frequency (corre-
sponding to the inverse of the time period T in Figure 3)
varies over time during normal breath.

[0063] The invention makes use of the fan speed in-
formation to provide automatic fan control. The most ba-
sic function is an automatic turn-on function or an auto-
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matic turn off function.

[0064] However, in addition automatic adjustment of
the fan rotation may be implemented according to the
breathing pattern (i.e. inhalation and exhalation). Fur-
thermore, on-demand air flow delivery may be imple-
mented according to the user activity, e.g., sitting, walk-
ing, running, bicycling.

[0065] These features provide a fully customized ex-
perience to consumers and meet their needs of comfort,
enough air flow, and power saving under diverse user
scenarios.

[0066] Figure 5 is used to explain the automatic turn
on function.
[0067] From time t0 to t1, the fan is off and the mask

is not worn, so that there is no fan rotation.

[0068] The user wears the mask from time t1. There
is a rotation of the fan caused by the breathing of the
user. The user may for example be required to blow into
the fan to start the fan rotation to be detected. The optical
sensor periodically performs a measurement so at time
t2 the fan rotation is detected. The fan is then turned on
and continues without the user needing to blow into the
fan.

[0069] The automatic turn on function of the fan is thus
based on detecting fan rotation caused by a user’s breath
while the fan is not activated (before time t1) and there
may be a discontinuous optical sensing mode when the
fan is turned off.

[0070] Thediscontinuoussensingmode provides pow-
er saving and is present during off or standby states. The
sensor is for example woken up every several seconds,
e.g., 2 seconds, 4 seconds or even longer.

[0071] Figure 6 is used to explain the automatic turn
off function.

[0072] From time t0 to t1, the fan is on and the mask
is worn. The fan rotation speed follows a cycle which
depends on the user’s breathing pattern, so that there is
a maximum frequency f,;, and a minimum frequency
fmin'

[0073] Thisrepresentsanormal operation of the mask,
which may be defined as a continuous mode during which
the optical sensor continuously records and processes
the light intensity signals of the photodetector.

[0074] The user takes off the mask at time t1. The fan
is still driven, but the modulation of the fan speed caused
by the breathing of the user is no longer present. This
change is detected and the fan is turned off.

[0075] Forexample, during normal use, a period of fan
rotation is recorded, such as 4 seconds, or 8 seconds
and the frequency is calculated during this period. The
maximum and minimum frequencies f,,, and f,;, are
determined during this period.

[0076] A difference value f, 4 - fin, May then be com-
pared with a threshold fy,,osnoiq Which is pre-determined
based on real tests.

[0077] Ifthe difference f 44 - fin IS less than the thresh-
old fyesnolds it Means there is no breathing sensed, and
an OFF signal is sent to the controller to turn off the fan.
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[0078] The automatic turn off function of the fan is thus
based on detecting a uniform fan speed.

[0079] As explained above (and shown most clearly in
Figures 4 and 6), the breathing pattern changes the fan
rotation speed.

[0080] This means the optical sensing may be used to
detect the respiration cycle, i.e. inhalation and exhalation
timing.

[0081] Ifan electronically switched outlet valve is used,

the respiration cycle timing information may then be used
to control the outlet valve 22 in dependence on the phase
ofthe respiration cycle. In addition to controlling the outlet
valve, the controller may turn off the fan during an inha-
lation time or an exhalation time.

[0082] The fan speed may also be used to monitor ac-
tivity levels of the user. For example, when the frequency
of the light intensity pattern increases, and reaches a
certain value, it may be determined that the user is per-
forming high intensity activities. The fan rotation speed
may be increased to assist the user’s breathing further.
[0083] The light source of the optical sensor may take
any suitable form. One example is that an existing light
output indicator may be used so that there is no extra
component cost. Small low cost photodetectors are also
available.

[0084] Figure 2 shows the light source and detector on
opposite sides of the fan but a reflective fan blade, or
reflecting pad applied to the fan blade, may be used so
that the light source and detector may be on the same
side, to give a more compact arrangement.

[0085] As a further alternative, a light guide maybe
used to transfer light from a light source (which may for
example be mounted on the top of a PCB) to the region
of the fan blades. The light detector may then either de-
tect light directly or detect reflected light. The light guide
may deliver lightin a radial inward direction from the radial
outer side of the fan blades, and the fan blades may then
reflectthat radial light to the detector, which is for example
on the bottom side of the PCB). The light source may
have other functions, such as an ON indicator light, and
the light guide simply taps off some of the output light for
use as the sensing light.

[0086] The fan is typically a centrifugal or axial fan.
[0087] Figure 7 shows a mask operating method, com-
prising:

in step 70, drawing air from outside an air chamber
into the air chamber and/or drawing air from inside
the air chamber to the outside using a fan;

in step 72 detecting rotation of the fan and, during
rotation, detecting the speed of rotation; and

in step 74 implementing an automatic turn on and/or
turn off function of the fan based on the analysis of
the detected rotation.

[0088] The method may also comprise:

in step 76 detecting the breathing cycles of a user
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based on detecting changes in fan speed over time;
and/or

in step 78 detecting a breathing frequency of a user
based on detecting changes in fan speed over time
and controlling the fan in dependence on the breath-
ing frequency.

[0089] It will be seen that the invention may be applied
to many different mask designs, with fan-assisted inha-
lation or exhalation, and with an air chamber formed by
a filter membrane or with a sealed hermetic air chamber.
[0090] One option as discussed above is thus the use
of the fan only for drawing air from inside the air chamber
to the outside, for example when an exhaust valve is
open. In such a case, the pressure inside the mask vol-
ume may be maintained by the fan below the external
atmospheric pressure so that there is a net flow of clean
filtered air into the mask volume during exhalation. Thus,
low pressure may be caused by the fan by during exha-
lation and by the user during inhalation (when the fan
may be turned off).

[0091] An alternative option is the use of the fan only
for drawing air from the ambient surroundings to inside
the air chamber. In such a case, the fan operates to in-
crease the pressure in the air chamber, but the maximum
pressure in the air chamber in use remains below 4
cmH,0 higher than the pressure outside the air chamber,
in particular because no high pressure assisted breathing
is intended. Thus, a low power fan may be used.
[0092] Inall cases, the pressure inside the air chamber
preferably remains below 2 cmH,O, or even below 1
cmH,0 or even below 0.5 cmH,0, above the external
atmospheric pressure. The pollution mask is thus not for
use in providing a continuous positive airway pressure,
and is not a mask for delivering therapy to a patient.
[0093] The mask is preferably battery operated so the
low power operation is of particular interest.

[0094] 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
that maybe programmed using software (e.g., microco-
de) to perform the required functions. A controller may
however be implemented with or without employing a
processor, and also may be implemented as a combina-
tion of dedicated hardware to perform some functions
and a processor (e.g., one or more programmed micro-
processors and associated circuitry) to perform other
functions.

[0095] 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).
[0096] Invariousimplementations, a processor or con-
troller may be associated with one or more storage media
such as volatile and non-volatile computer memory such
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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 maybe 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.

[0097] 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.

Claims
1. A pollution mask comprising:

an air chamber (18);

a fan (20) for drawing air from outside the air
chamber (18) into the air chamber and/or draw-
ing air from inside the air chamber to the outside;
an optical sensor (24) for detecting rotation of
the fan and, during fan rotation, to detect the
speed of rotation; and

a controller (30) which is adapted, based on an
analysis of the optical sensor signal, to:

implement an automatic turn on and/or turn
off function of the fan; and/or
detect the breathing cycles of a user.

2. A maskas claimed in claim 1, wherein the controller
(30) is adapted to implement an automatic turn on
function of the fan based on detecting fan rotation
caused by a user’s breath while the fan is not acti-
vated.

3. A mask as claimed in claim 2, wherein the controller
(30) is adapted to operate in a discontinuous optical
sensing mode when the fan is turned off.

4. Amaskas claimedinany one of claims 1to 3, where-
in the controller (30) is adapted to implement an au-
tomatic turn off function of the fan based on detecting
a uniform fan speed.

5. Amaskasclaimedinany one of claims 1to 4, where-
in the controller (30) is adapted to detect the breath-
ing cycles of a user based on detecting changes in
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fan speed over time.

6. Amaskasclaimedinanyone ofclaims 1to5, where-
in the controller (30) is adapted to detect a breathing
frequency of a user based on detecting a changes
in fan speed over time and control the fan in depend-
ence on the breathing frequency.

7. Amaskas claimedinanyone of claims 1 to 6, further
comprising a filter (16) which forms a boundary di-
rectly between the air chamber and the ambient sur-
roundings outside the air chamber;

8. A maskasclaimed in claim 7, wherein the filter com-
prises an outer wall (16) of the air chamber.

9. Amaskasclaimedinany one ofclaims 1to 8, where-
in the fan (20) is either for drawing air from inside
the air chamber to the outside, or for introducing air
from the outside into inside the air chamber.

10. A maskas claimedinany one of claims 1 to 9, further
comprising a valve (22) for controllably venting the
airchamber (18) to the outside orintroducing air from
the outside into the air chamber, wherein the valve
(22) comprises a passive pressure-regulated check
valve or an actively driven electrically controllable
valve.

11. A mask as claimed in any one of claims 1 to 10,
wherein the optical sensor (24) comprises:

a light source (24a) and a light detector (24b),
on opposite sides of the fan; or

a light source (24a) and a light detector (24b) on
one side of the fan, and a reflector on the fan.

12. A non-therapeutic method of controlling a pollution
mask, comprising:

(70)drawing air from outside an air chamber (18)
into the air chamber and/or drawing air from in-
side the air chamber to the outside using a fan;
(72) using an optical sensor to detect rotation of
the fan and, during rotation, detect the speed of
rotation; and, based on an analysis of the de-
tected rotation:

(74) implementing an automatic turn on
and/or turn off function of the fan and/or
(76) detecting the breathing cycles of auser.

13. A method as claimed in claim 12, comprising:

implementing an automatic turn on function of
the fan by detecting fan rotation caused by a
user's breath while the fan is not activated;
and/or
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implementing an automatic turn off function of
the fan by detecting a uniform fan speed.

14. A method as claimed in claim 12 or 13, comprising:

(76) detecting the breathing cycles of a user
based on detecting changes in fan speed over
time and/or

(78) detecting a breathing frequency of a user
based on detecting a changes in fan speed over
time and controlling the fan in dependence on
the breathing frequency.

15. A computer program comprises computer program
code means which is adapted, when said program
is run on a computer, to implement the method of
any one of claims 11 to 14.

10

15

20

25

30

35

40

45

50

55

14



EP 3 669 948 A1

FIG. 1

22 12

24b

2434;

1
1
1
1
1
1
I | ey
| 1
I
l 1
-
[ [
20a

30

A 4

N

FIG. 2



EP 3 669 948 A1

FIG. 3

FIG. 4

10



EP 3 669 948 A1

t0 t1 t2
FIG. 5
fmm 7 fmax %
t0 t1
( h 70 FIG. 6
\_ Jf
4 : wf72
\. y,
v
( 1 74
f
\. J
(~ ¥ NfTG
\- J
S
- J FIG. 7

L
—



10

15

20

25

30

35

40

45

50

55

EP 3 669 948 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 18 21 4381

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 2015/114389 Al (SERNFALT MATS ULRIK 1-15 INV.
[SE] ET AL) 30 April 2015 (2015-04-30) A62B18/00
* paragraphs [0024], [0028]; figures *
A US 2012/055815 A1l (TRUEX BRYAN I [US] ET |1-15

AL) 8 March 2012 (2012-03-08)
* paragraph [0086]; figures *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

A62B

Place of search

The Hague

Date of completion of the search

8 July 2019

Examiner

Vervenne, Koen

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

12




EP 3 669 948 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 21 4381

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

08-07-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2015114389 Al 30-04-2015 AU 2014340355 B2 13-07-2017
CA 2926397 Al 30-04-2015
CN 105636631 A 01-06-2016
EP 3060284 Al 31-08-2016
KR 20160077112 A 01-07-2016
RU 2016113766 A 29-11-2017
US 2015114389 Al 30-04-2015
WO 2015061186 Al 30-04-2015

US 2012055815 Al 08-03-2012 CA 2810649 Al 15-03-2012
CN 103189089 A 03-07-2013
CN 105194777 A 30-12-2015
EP 2613832 Al 17-07-2013
HK 1219449 Al 07-04-2017
JP 2013537812 A 07-10-2013
US 2012055815 Al 08-03-2012
US 2014283840 Al 25-09-2014
WO 2012033852 Al 15-03-2012

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




	bibliography
	abstract
	description
	claims
	drawings
	search report

