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AIR - FILTERING PROTECTION DEVICE 
FIELD OF THE INVENTION 

[ 0001 ] The present disclosure relates to an air - filtering 
protection device , and more particularly to an air - filtering 
protection device combined with an actuating and sensing 
device for monitoring the environment . 

BACKGROUND OF THE INVENTION 
[ 0002 ] Nowadays , people pay much attention to monitor 
ing environmental air quality in daily living , e . g . , monitoring 
carbon monoxide , carbon dioxide , volatile organic com 
pounds ( VOC ) , PM2 . 5 , and so on . The exposure of these 
substances in the environment can cause human health 
problems or can be life - threatening . Therefore , it has 
become an important issue for every country to develop and 
implement environmental air quality monitoring technology . 
[ 0003 ] As known , portable electronic devices are widely 
used and applied in the modern lives . In addition , the 
portable electronic devices are indispensable electronic 
devices . Accordingly , it is feasible to use the portable 
electronic device to monitor the ambient air . If the portable 
electronic device is capable of immediately providing 
people with the monitored information relating to the envi 
ronment for caution , it may help people escape or prevent 
from the injury and influence on human health caused by the 
exposure of the substances described above in the environ 
ment . In other words , the portable electronic device is 
suitably used for monitoring the ambient air in the environ 
ment . 
[ 0004 ] Although it is obviously beneficial to make the 
portable electronic device equipped with environmental 
sensor for collecting environment data , however , when the 
environmental sensor is integrated into the electronic device , 
the monitoring sensitivity and the precision of the environ 
mental sensor should be taken into consideration . For 
example , the environmental sensor is in contact with the air 
circulating from the outside and transferred by naturally 
occurring convection in the surroundings . In other words , 
the environmental sensor fails to fetch a consistent airflow to 
maintain stably monitoring . Since it is difficult to trigger 
response action of the environmental sensor by the circu 
lating air transferred by convection , the response time of the 
environmental sensor is long and real - time monitoring is not 
achieved . 
[ 0005 ] As mentioned above , the portable electronic device 
is suitably used for monitoring the ambient air in the 
environment . Therefore , there is a need of providing an 
air - filtering protection device combining with an actuating 
and sensing device for monitoring the environment and 
enabling a protection mechanism immediately when the air 
quality is poor . 

efficiency of air exchange is improved , so as to improve the 
efficacy of discharging the polluted air from the closed space 
and adjusting the temperature and the humidity of the air in 
the closed space . 
[ 0007 ] Another object of the present disclosure provides 
an air - filtering protection device combined with an actuating 
and sensing device for monitoring the environment . Since 
the air enclosed by the mask is monitored by a sensor of the 
actuating and sensing device , the air quality monitoring 
inside the mask is achieved . 
[ 0008 ] A further object of the present invention provides 
an air - filtering protection device combined with an actuating 
and sensing device for monitoring the environment . The air 
circulation in the mask is adjustable according to the con 
dition of the air quality by driving the air to be discharged 
in different flow rates ( e . g . , discharged air volume ) , by 
which the air quality inside the mask is regulated . When the 
sensor continuously detects that the air quality is poor and 
harmful to human beings , a notification signal is issued for 
notifying the user to replace the filtering mask with a new 
one . 
[ 0009 ] A further object of the present invention provides 
an air - filtering protection device combined with an actuating 
and sensing device for monitoring the environment . The 
actuating and sensing device can be detached from the 
filtering mask to become an independent device , which can 
serve as a portable air quality monitoring device . Namely , 
the actuating and sensing device can monitor the air quality 
outside the filtering mask and transmit output data , which is 
generated by processing the monitored data , to a connection 
device . The information carried by the output data is dis 
played , stored and transmitted by the connection device . 
Consequently , the purpose of immediately displaying the air 
quality information and immediately notifying the user are 
achieved . Moreover , the output data can be transmitted to a 
cloud server , and the cloud server constructs a cloud data 
base after collecting the output data for providing real - time 
air quality information . According to the real - time air qual 
ity information , an air quality notification mechanism and an 
air quality processing mechanism are enabled . Therefore , 
the user can wear the air - filtering protection device imme 
diately to prevent from the influence on human health 
caused by the air pollution . 

[ 0010 ] In accordance with an aspect of the present disclo 
sure , an air - filtering protection device is provided . The 
air - filtering protection device includes a filtering mask and 
an actuating and sensing device . The filtering mask is for 
being worn to filter air . The actuating and sensing device is 
disposed on the filtering mask and comprises at least one 
sensor , at least one actuating device , a microprocessor , a 
power controller and a data transceiver . The at least one 
actuating device is disposed on one side of the at least one 
sensor and comprises at least one guiding channel . The at 
least one actuating device is enabled to transport air by 
which the air flows through the at least one guiding channel 
and flows through the at least one sensor , such that the air is 
sensed by the at least one sensor . 
[ 0011 ] The above contents of the present disclosure will 
become more readily apparent to those ordinarily skilled in 
the art after reviewing the following detailed description and 
accompanying drawings , in which : 

SUMMARY OF THE INVENTION 
[ 0006 ] An object of the present disclosure provides an 
air - filtering protection device combined with an actuating 
and sensing device for monitoring the environment . When 
the air - filtering protection device is worn by a user , the 
mouth and the nose of the user is covered and a closed space 
is formed therebetween . The actuating and sensing device 
drives the air in the closed space to flow and thereby 
discharges the air in the closed space . Consequently , the 
circulation of the air in the closed space is enhanced , and the 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0012 ] FIG . 1A is a schematic perspective view illustrat 
ing the outer appearance of an air - filtering protection device 
according to an embodiment of the present disclosure ; 
[ 0013 ] FIG . 1B is a schematic partial exploded view 
illustrating the air - filtering protection device of FIG . 1A ; 
[ 0014 ] FIG . 2A is a schematic cross - sectional view illus 
trating the actuating and sensing device of the air - filtering 
protection device of FIG . 1A ; 
[ 0015 ] FIG . 2B is a schematic perspective view illustrat 
ing the outer appearance of the actuating and sensing device 
of the air - filtering protection device of FIG . 2A ; 
[ 0016 ] FIG . 2C is an enlarged cross - sectional view illus 
trating the actuating and sensing device of the air filtering 
protection device of FIG . 2A ; 
100171 . FIG . 2D is a schematic cross - sectional view illus 
trating the actions of the fluid actuating device of the 
actuating and sensing device according to the embodiment 
of the present disclosure ; 
[ 0018 ] FIG . 3A is a schematic exploded view illustrating 
a fluid actuating device of the present disclosure ; 
[ 0019 ] FIG . 3B is a schematic exploded view illustrating 
the fluid actuating device of FIG . 3A and taken along 
another viewpoint ; 
[ 0020 ] FIG . 4 is a schematic cross - sectional view illus 
trating the piezoelectric actuator of the fluid actuating device 
as shown in FIGS . 3A and 3B ; 
[ 0021 ] FIG . 5 is a schematic cross - sectional view illus 
trating the fluid actuating device as shown in FIGS . 3A and 
3B ; 

microprocessor 14 , the power controller 15 , the data trans 
ceiver 16 , the guiding channel 17 and the air can also be 
provided in plural numbers . 
[ 0026 ] Please refer to FIGS . 1A and 1B . The air - filtering 
protection device of the present disclosure includes a filter 
ing mask 2 and an actuating and sensing device 1 . The 
filtering mask 2 is worn by a user and used to filter air . For 
example , the filtering mask 2 may be a mouth mask , which 
has a covering surface made of a non - woven cloth for 
filtering air , or the filtering mask 2 may be a wearable face 
mask with a filtering element for filtering air . Moreover , the 
filtering mask 2 includes a first coupling element 21 , which 
is a fastening element having one or more tenons 211 . The 
first coupling element 21 has a first air channel 212 running 
through the inner surface and the outer surface of the 
filtering mask 2 . A filtering element 213 is disposed in the 
first air channel 212 to seal the first air channel 212 so as to 
filter the air passing therethrough . Consequently , when the 
filtering mask 2 is worn by the user , it covers the mouth and 
nose of the user completely and achieves the function of 
filtering air . In addition , the actuating and sensing device 1 
includes a second coupling element 10 , which is a fastening 
element having one or more recesses 101 and one or more 
engaging slots 102 . Each recess 101 is in communication 
with the corresponding engaging slot 102 . The second 
coupling element 10 includes a second air channel 103 in 
fluid communication with the interior of the actuating and 
sensing device 1 for allowing the air to be introduced from 
the inside of the filtering mask 2 into the interior of the 
actuating and sensing device 1 . 
[ 0027 ] In order to mount and position the actuating and 
sensing device 1 on the filtering mask 2 , each of the tenons 
211 of the first coupling element 21 is in alignment with the 
corresponding recess 101 of the second coupling element 10 
and inserts therein , after which the first coupling element 21 
and the second coupling element 10 are rotated with respect 
to each other along a locking direction , such that the tenons 
212 of the first coupling element 21 are snap - fitted into the 
corresponding engaging slots 102 of the second coupling 
element 10 . Consequently , the actuating and sensing device 
1 is mounted and positioned on the filtering mask 2 . Namely , 
the actuating and sensing device 1 is engaged with the 
filtering mask 2 through the snap - fit connections of the 
tenons 211 of the first coupling elements 21 and the corre 
sponding engaging slots 102 of the second coupling element 
10 . On the contrary , after the first coupling element 21 and 
the second coupling element 10 are rotated with respect to 
each other along an unlocking direction by which the tenons 
211 of the first coupling elements 21 are in alignment with 
the corresponding recesses 101 of the second coupling 
element 10 , the tenons 211 are easily detached from the 
snap - fit connections with the engaging slots 102 , such that 
the second coupling element 10 is disengaged from the first 
coupling element 11 . Consequently , the actuating and sens 
ing device 1 is disassembled from the filtering mask 2 and 
becomes an independent device , which can serve as a 
portable air - quality - monitoring device . 
[ 0028 ] Please refer to FIG . 7 . The actuating and sensing 
device 1 includes at least one sensor 12 , at least one 
actuating device 13 , a microprocessor 14 , a power controller 
15 and a data transceiver 16 . The power controller 15 
receives energy and transfers the energy to the sensor 12 and 
the actuating device 13 , so that the sensor 12 and the 

[ 0022 ] FIGS . 6A to 6E schematically illustrate the actions 
of the fluid actuating device according to the embodiment of 
the present disclosure ; and 
[ 0023 ] FIG . 7 schematically illustrates the architecture of 
a driving and information transmitting system for the actu 
ating and sensing device according to an embodiment of the 
present disclosure . 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[ 0024 ] The present disclosure will now be described more 
specifically with reference to the following embodiments . It 
is to be noted that the following descriptions of preferred 
embodiments of this invention are presented herein for 
purpose of illustration and description only . It is not intended 
to be exhaustive or to be limited to the precise form 
disclosed . 
[ 0025 ] . Please refer to FIG . 1A and FIG . 1B . The present 
discourse provides an air - filtering protection device includ 
ing at least one filtering mask 2 , at least one actuating and 
sensing device 1 , at least one sensor 12 , at least one 
actuating device 13 , at least one microprocessor 14 , at least 
one power controller 15 , at least one data transceiver 16 , at 
least one guiding channel 17 and at least one air . The number 
of the filtering mask 2 , the actuating and sensing device 1 , 
the sensor 12 , the actuating device 13 , the microprocessor 
14 , the power controller 15 , the data transceiver 16 , the 
guiding channel 17 and the air is exemplified by one for each 
in the following embodiments but not limited thereto . It is 
noted that each of the filtering mask 2 , the actuating and 
sensing device 1 , the sensor 12 , the actuating device 13 , the 

Dot 
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actuating device 13 are enabled . The data transceiver 16 
receives and transmits signal . 
[ 0029 ] An example of the sensor 12 includes but is not 
limited to a temperature sensor , a volatile organic compound 
sensor ( e . g . , a sensor for measuring formaldehyde or ammo 
nia gas ) , a particulate sensor ( e . g . , a PM2 . 5 particle sensor ) , 
a carbon monoxide sensor , a carbon dioxide sensor , an 
oxygen sensor , an ozone sensor , any other appropriate gas 
sensor , a humidity sensor , a water content sensor , a sub 
stance sensor ( e . g . , a sensor for measuring compounds or 
biological substances in liquid or air ) , a water quality sensor , 
any other appropriate liquid sensor , a light sensor , or the 
combination thereof . Alternatively , the sensor 12 includes 
but is not limited to a virus sensor , a bacterial sensor , a 
microbiological sensor or the combination thereof . 
[ 0030 ] The actuating device 13 is a driving device capable 
of driving a controlled system in response to a control signal . 
An example of the actuating device 13 includes but is not 
limited to an electric actuating device , a magnetic actuating 
device , a thermal actuating device , a piezoelectric actuating 
device , a fluid actuating device or the combination thereof . 
For example , the electric actuating device is a DC motor , an 
AC motor or a step motor , the magnetic actuating device is 
a magnetic coil motor , the thermal actuating device is a heat 
pump , the piezoelectric actuating device is a piezoelectric 
pump , and the fluid actuating device is a gas pump or a 
liquid pump . 
[ 0031 ] Please refer to FIGS . 2A , 2B , 2C and 2D . The 
sensor 12 and the actuating device 13 are integrated together 
to form a modular structure . The actuating device 13 is 
disposed on one side of the sensor 12 . The actuating device 
13 includes at least one guiding channel 17 . When the 
actuating device 13 is enabled to transport the air , the air is 
transferred through the guiding channel 17 and flows toward 
the sensor 12 . Consequently , the air is sensed by the sensor 
12 . Since the air is guided to the sensor 12 by the actuating 
device 13 , the sensor 12 is provided with a fixed amount of 
the air with stability and uniformity continuously , so that the 
time of the sensor 12 in response to the air is largely reduced 
and the air is monitored with precision . 
[ 0032 ] Please refer to FIGS . 2A , 2B , 2C and 2D . The 
actuating and sensing device 1 further includes a carrier 11 , 
which is a platform for integrating the sensor 12 with the 
actuating device 13 . The carrier 11 may be a substrate such 
as a printed circuit board ( PCB ) for disposing an array 
composed of the sensor 12 and the actuating device 13 on 
the carrier 11 . In a variant example , the carrier 11 may be an 
application - specific integrated circuit ( ASIC ) . In another 
variant example , the carrier 11 may be a system on chip 
( SOC ) . The sensor 12 is deposited on the carrier 11 , while 
the actuating device 13 is packaged on the carrier 11 . 
However , it is noted that the carrier 11 is not limited to the 
above - mentioned embodiments and may be other platform 
for integrating the sensor 12 and the actuating device 13 . 
10033 ] In an embodiment , the actuating device 13 is a fluid 
actuating device . In the following description , the actuating 
device 13 is exemplified by and referred to as the fluid 
actuating device 13 . The fluid actuating device 13 may be a 
driving structure of a piezoelectric pump or a driving 
structure of a micro - electro - mechanical system ( MEMS ) 
pump . Hereinafter , the actions of the fluid actuating device 
13 of a piezoelectric pump are exemplified as follows . 
[ 0034 ] Please refer to FIGS . 3A and 3B . The fluid actu 
ating device 13 includes a gas inlet plate 131 , a resonance 

plate 132 , a piezoelectric actuator 133 , a first insulation plate 
134a , a conducting plate 135 and a second insulation plate 
1346 . The piezoelectric actuator 133 is disposed correspond 
ing to the resonance plate 132 . The gas inlet plate 131 , the 
resonance plate 132 , the piezoelectric actuator 133 , the first 
insulation plate 134a , the conducting plate 135 and the 
second insulation plate 134b are stacked on each other 
sequentially . After the above components are combined 
together , the cross - sectional view of the resulting structure 
of the fluid actuating device 13 is shown in FIG . 5 . 
[ 0035 ] The gas inlet plate 131 includes at least one inlet 
131a . Preferably but not exclusively , the gas inlet plate 131 
includes four inlets 131a . The inlets 131a run through the 
gas inlet plate 131 . In response to the action of the atmo 
spheric pressure , the air can be introduced into the fluid 
actuating device 13 through the at least one inlet 131a . 
Moreover , at least one convergence channel 131b is formed 
on a first surface of the gas inlet plate 131 , and is in 
communication with the at least one inlet 131a on a second 
surface of the gas inlet plate 131 . Moreover , a central cavity 
131c is located at the intersection of the convergence chan 
nels 131b . The central cavity 131c is in communication with 
the at least one convergence channel 131b such that the air 
from the at least one inlet 131a would be introduced into the 
at least one convergence channel 131b and is guided to the 
central cavity 131c . In this embodiment , the at least one inlet 
131a , the at least one convergence channel 1315 and the 
central cavity 131c of the gas inlet plate 131 are integrally 
formed from a single structure . The central cavity 1310 
forms a convergence chamber for temporarily storing the air . 
In some embodiments , the gas inlet plate 131 may be , for 
example , made of stainless steel . Moreover , the depth of the 
convergence chamber defined by the central cavity 1310 
may be equal to the depth of the at least one convergence 
channel 131b . The resonance plate 132 is made of a flexible 
material . The resonance plate 132 has a central aperture 
132c spatially corresponding to the central cavity 131c of 
the gas inlet plate 131 which allows the air to be transferred 
therethrough . In other embodiments , the resonance plate 132 
may be , for example , made of copper . 
[ 0036 ] The piezoelectric actuator 133 includes a suspen 
sion plate 1331 , an outer frame 1332 , at least one bracket 
1333 and a piezoelectric plate 1334 . The piezoelectric plate 
1334 is attached on a first surface 1331c of the suspension 
plate 1331 . In response to an applied voltage , the piezoelec 
tric plate 1334 is subjected to a deformation . When the 
piezoelectric plate 1334 is subjected to the deformation , it 
facilitates a bending vibration of the suspension plate 1331 . 
In this embodiment , the at least one bracket 1333 is con 
nected between the suspension plate 1331 and the outer 
frame 1332 , while the two ends of the bracket 1333 are 
connected with the outer frame 1332 and the suspension 
plate 1331 respectively that the bracket 1333 can elastically 
support the suspension plate 1331 . At least one vacant space 
1335 is Ruined between the bracket 1333 , the suspension 
plate 1331 and the outer frame 1332 . The at least one vacant 
space 1335 is in communication with the guiding channel 17 
for allowing the air to go through . The type of the suspension 
plate 1331 and the outer frame 1332 and the type and the 
number of the at least one bracket 1333 may be varied 
according to the practical requirements . The outer frame 
1332 is arranged around the suspension plate 1331 . More 
over , a conducting pin 1332c is protruded outwardly from 
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the outer frame 1332 so as to be electrically connected with 
an external circuit ( not shown ) . 
[ 0037 ] As shown in FIG . 4 , the suspension plate 1331 has 
a bulge 1331a that makes the suspension plate 1331a 
stepped structure . The bulge 1331a is formed on a second 
surface 1331b of the suspension plate 1331 . The bulge 
1331a may be a circular convex structure . A top surface of 
the bulge 1331a of the suspension plate 1331 is coplanar 
with a second surface 1332a of the outer frame 1332 , while 
the second surface 1331b of the suspension plate 1331 is 
coplanar with a second surface 1333a of the bracket 1333 . 
Moreover , there is a specific depth from the bulge 1331a of 
the suspension plate 1331 ( or the second surface 1332a of 
the outer frame 1332 ) to the second surface 1331b of the 
suspension plate 1331 ( or the second surface 1333a of the 
bracket 1333 ) . A first surface 1331c of the suspension plate 
1331 , a first surface 1332b of the outer frame 1332 and a first 
surface 1333b of the bracket 1333 are coplanar with each 
other . The piezoelectric plate 1334 is attached on the first 
surface 1331c of the suspension plate 1331 . In some other 
embodiments , the suspension plate 1331 may be a square 
plate structure with two flat surfaces , but the type of the 
suspension plate 1331 may be varied according to the 
practical requirements . In this embodiment , the suspension 
plate 1331 , the at least one bracket 1333 and the outer frame 
1332 may be integrally formed from a metal plate ( e . g . , a 
stainless steel plate ) . In an embodiment , the length of a side 
of the piezoelectric plate 1334 is smaller than the length of 
a side of the suspension plate 1331 . In another embodiment , 
the length of a side of the piezoelectric plate 1334 is equal 
to the length of a side of the suspension plate 1331 . 
Similarly , the piezoelectric plate 1334 is a square plate 
structure corresponding to the suspension plate 1331 in 
terms of the design . 
[ 0038 ] In this embodiment , the first insulation plate 134a , 
the conducting plate 135 and the second insulation plate 
134b of the fluid actuating device 13 are stacked on each 
other sequentially and located under the piezoelectric actua 
tor 133 , as shown in FIG . 3A . The profiles of the first 
insulation plate 134a , the conducting plate 135 and the 
second insulation plate 134b substantially match the profile 
of the outer frame 1332 of the piezoelectric actuator 133 . In 
some embodiment , the first insulation plate 134a and the 
second insulation plate 134b may be made of an insulating 
material ( e . g . a plastic material ) for providing insulating 
efficacy . In other embodiment , the conducting plate 135 may 
be made of an electrically conductive material ( e . g . a metal 
lic material ) for providing electrically conducting efficacy . 
In this embodiment , the conducting plate 135 may have a 
conducting pin 135a disposed thereon so as to be electrically 
connected with an external circuit ( not shown ) . 
[ 0039 ] Please refer to FIG . 5 . In an embodiment , the gas 
inlet plate 131 , the resonance plate 132 , the piezoelectric 
actuator 133 , the first insulation plate 134a , the conducting 
plate 135 and the second insulation plate 134b of the fluid 
actuating device 13 are stacked on each other sequentially . 
Moreover , there is a gap h between the resonance plate 132 
and the outer frame 1332 of the piezoelectric actuator 133 . 
In this embodiment , the gap h between the resonance plate 
132 and the outer frame 1332 of the piezoelectric actuator 
133 may be filled with a filler ( e . g . a conductive adhesive ) 
so that a depth from the resonance plate 132 to the bulge 
1331a of the suspension plate 1331 of the piezoelectric 
actuator 133 can be maintained . The gap h ensures the 

proper distance between the resonance plate 132 and the 
bulge 1331a of the suspension plate 1331 of the piezoelec 
tric actuator 133 , so that the air can be transferred quickly , 
the contact interference is reduced and the generated noise 
is largely reduced . In some embodiments , alternatively , the 
height of the outer frame 1332 of the piezoelectric actuator 
133 is increased , so that a gap is formed between the 
resonance plate 132 and the piezoelectric actuator 133 . 
[ 0040 ] Please refer to FIGS . 2C , 2D , 3A , 3B and 5 . After 
the gas inlet plate 131 , the resonance plate 132 and the 
piezoelectric actuator 133 are combined together , a movable 
part 132a and a fixed part 132b of the resonance plate 132 
are defined . The movable part 132a is around the central 
aperture 132c . A convergence chamber for converging the 
air is defined by the movable part 132a of the resonance 
plate 132 and the gas inlet plate 131 collaboratively . More 
over , a first chamber 130 is formed between the resonance 
plate 132 and the piezoelectric actuator 133 for temporarily 
storing the air . Through the central aperture 132c of the 
resonance plate 132 , the first chamber 130 is in communi 
cation with the central cavity 131c of the gas inlet plate 131 . 
The peripheral regions of the first chamber 130 are in 
communication with the guiding channel 17 through the 
vacant space 1335 between the brackets 1333 of the piezo 
electric actuator 133 . 
[ 0041 ] FIGS . 6A to 6E schematically illustrate the actions 
of the fluid actuating device of the actuating and sensing 
device according to the embodiment of the present disclo 
sure . Please refer to FIGS . 2C , 2D , 3A , 3B , 5 and FIGS . 6A 
to 6E . The actions of the fluid actuating device 13 will be 
described as follows . When the fluid actuating device 13 is 
enabled , the piezoelectric actuator 133 vibrates along a 
vertical direction in a reciprocating manner by using the 
bracket 1333 as a fulcrum . The piezoelectric actuator 133 
vibrates downwardly in response to the applied voltage . 
Since the resonance plate 132 is light and thin , the resonance 
plate 132 vibrates along the vertical direction in the recip 
rocating manner in resonance with the piezoelectric actuator 
133 . More especially , a region of the resonance plate 132 
spatially corresponding to the central cavity 131c of the gas 
inlet plate 131 is also subjected to a bending deformation . 
The region of the resonance plate 132 corresponding to the 
central cavity 131c of the gas inlet plate 131 is the movable 
part 132a of the resonance plate 132 . When the piezoelectric 
actuator 133 deforms downwardly during vibration , the 
movable part 132a of the resonance plate 132 is subjected to 
the bending deformation because the movable part 132a of 
the resonance plate 132 is pushed by the air and vibrates in 
response to the piezoelectric actuator 133 . In response to the 
downward deformation of the piezoelectric actuator 133 
during vibration , the air is fed into the at least one inlet 131a 
of the gas inlet plate 131 . Then , the air is transferred to the 
central cavity 131c of the gas inlet plate 131 through the at 
least one convergence channel 1316 . Then , the air is trans 
ferred through the central aperture 132c of the resonance 
plate 132 spatially corresponding to the central cavity 131c , 
and introduced downwardly into the first chamber 130 . As 
the piezoelectric actuator 133 is enabled , the resonance of 
the resonance plate 132 occurs . Consequently , the resonance 
plate 132 vibrates along the vertical direction in the recip 
rocating manner . As shown in FIG . 6B , during the vibration 
of the movable part 132a of the resonance plate 132 at this 
stage , the movable part 132a of the resonance plate 132 
moves down to contact and attach on the bulge 1331a of the 
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suspension plate 1331 of the piezoelectric actuator 133 , and 
a distance from the fixed part 132b of the resonance plate 
132 to a region of the suspension plate 1331 except the bulge 
1331a remains the same . Owing to the deformation of the 
resonance plate 132 described above , a middle communi 
cation space of the first chamber 130 is closed , and the 
volume of the first chamber 130 is compressed . Under this 
circumstance , the pressure gradient occurs to push the air in 
the first chamber 130 toward peripheral regions of the first 
chamber 130 , and flowing downwardly through the vacant 
space 1335 of the piezoelectric actuator 133 . Referring to 
FIG . 6C , the movable part 132a of the resonance plate 132 
returns to its original position when the piezoelectric actua 
tor 133 deforms upwardly during vibration . Consequently , 
the volume of the first chamber 130 is continuously com 
pressed to generate the pressure gradient which makes the 
air in the first chamber 130 continuously pushed toward 
peripheral regions . Meanwhile , the air is continuously fed 
into the at least one inlet 131a of the gas inlet plate 131 , and 
transferred to the central cavity 131c . Then , as shown in 
FIG . 6D , the resonance plate 132 moves upwardly , which is 
cause by the resonance of upward motion of the piezoelec 
tric actuator 133 . That is , the movable part 132a of the 
resonance plate 132 is also vibrated upwardly . Conse 
quently , it decreases the current of the air from the at least 
one inlet 131a of the gas inlet plate 131 into the central 
cavity 131c . At last , as shown in FIG . 6E , the movable part 
132a of the resonance plate 132 has returned to its original 
position . As the embodiments described above , when the 
resonance plate 132 vibrates along the vertical direction in 
the reciprocating manner , the gap h between the resonance 
plate 132 and the piezoelectric actuator 133 is helpful to 
increase the maximum displacement along the vertical direc 
tion during the vibration . In other words , the configuration 
of the gap h between the resonance plate 132 and the 
piezoelectric actuator 133 can increase the amplitude of 
vibration of the resonance plate 132 . Consequently , a pres 
sure gradient is generated in the guiding channel 17 of the 
fluid actuating device 13 to facilitate the air to flow at a high 
speed . Moreover , since there is an impedance difference 
between the feeding direction and the exiting direction , the 
air can be transmitted from the inlet side to the outlet side . 
Even if a gas pressure ( which may impede the air flow ) exist 
at the outlet side , the fluid actuating device 13 still has the 
capability of pushing the air to the guiding channel 17 while 
achieving the silent efficacy . The steps of FIGS . 6A to 6E 
may be done repeatedly . Consequently , air circulation is 
generated in which the ambient air is transferred from the 
outside to the inside by the fluid actuating device 13 . 
[ 0042 ] As mentioned above , the actions of the fluid actu 
ating device 13 is further described as below . The gas inlet 
plate 131 , the resonance plate 132 , the piezoelectric actuator 
133 , the first insulation plate 134a , the conducting plate 135 
and the second insulation plate 134b are sequentially 
stacked . As shown in FIGS . 2C and 2D , the fluid actuating 
device 13 is disposed on the carrier 11 and the guiding 
channel 17 is formed between the fluid actuating device 13 
and the carrier 11 . The guiding channel 17 is disposed on one 
side of the sensor 12 . The fluid actuating device 13 is 
enabled to compress the air , such that the air is exhausted 
through the guiding channel 17 along the direction indicated 
by the arrow ( see FIG . 2D ) , by which the air is directly 
guided to the sensor 12 at a stable flowrate . Consequently , 
the sensor 12 can monitor the air directly and acquire the 

accurate sensing results . Moreover , the response time of the 
sensor 12 is reduced and the air is precisely monitored . 
[ 0043 ] Please refer to FIG . 7 , which schematically illus 
trates the architecture of a driving and information trans 
mitting system for the actuating and sensing device accord 
ing to an embodiment of the present disclosure . As shown in 
FIG . 7 , the power controller 15 of the actuating and sensing 
device 1 is used to store and output energy . The power 
controller 15 transfers the energy to the sensor 12 and the 
actuating device 13 so as to enable the sensor 12 to perform 
a sensing operation and the actuating device 13 to perform 
an actuating operation under control . The actuating and 
sensing device 1 is not necessarily equipped with a power 
source since it is in connection with a power supply device 
3 , in which the power supply device 3 transfers energy to 
power the sensor 12 and the actuating device 13 . Since the 
installation space of the overall modular structure is saved , 
the purpose of minimizing the modular structure is achieved . 
[ 0044 ] As mentioned above , the power controller 15 trans 
fers the energy to power the sensor 12 and the actuating 
device 13 through the power supply device 3 . In an embodi 
ment , the power supply device 3 transfers the energy to the 
power controller 15 in a wired transmission manner . For 
example , the power supply device 3 is a charger or a 
rechargeable battery capable of transferring the energy to the 
power controller 15 in the wired transmission manner . In 
another embodiment , the power supply device 3 transfers 
the energy to the power controller 15 in a wireless trans 
mission manner . For example , the power supply device 3 is 
a charger or a chargeable battery equipped with a wireless 
charging component ( or an induction charging component ) 
for transferring the energy to the power controller 15 in the 
wireless transmission manner . In further another embodi 
ment , the power supply device 3 is a portable mobile device 
with wireless charging / discharging capability , e . g . , a smart 
phone having a wireless charging component ( or an induc 
tive charging component ) , and the smart phone transfers the 
energy to the power controller 15 in the wireless transmis 
sion manner . 
[ 0045 ] In an embodiment , the power controller 15 further 
includes a chargeable element ( not shown ) for receiving and 
storing the energy . The chargeable element of the power 
controller 15 receives the energy from the power supply 
device 3 transferred through a wired transmission path or a 
wireless transmission path . Then , the chargeable element 
stores the energy , and outputs the energy is transferred to the 
sensor 12 and the actuating device 13 for powering the 
sensor 12 to perform a sensing operation and powering the 
actuating device 13 . 
[ 0046 ] The microprocessor 14 processes and calculates 
the monitored data to convert the monitored data to output 
data . The data transceiver 16 receives the output data , and 
sends it to the connection device 4 through transmission , so 
that the connection device 4 can display and store the 
information carried by the output data , or can transmit the 
information carried by the output data to a storage device 
( not shown ) of the connection device 4 for storing or 
processing . In an embodiment , the connection device 4 is in 
communication with a notification processing system 5 to 
actively ( i . e . directly notify ) or passively ( i . e . operated by a 
user to whom the information carried by the output data is 
provided ) enable an air quality notification mechanism , e . g . , 
an instant air quality map informs people to avoid away or 
to wear masks . In another embodiment , the connection 
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device 4 is in communication with a notification processing 
device 6 to actively ( i . e . directly operate ) or passively ( i . e . 
operated by a user to whom the information carried by the 
output data is provided ) enable an air quality processing 
mechanism , e . g . , an air cleaner or an air - conditioner is 
enabled to clean the air . 
[ 0047 ] In an embodiment , the connection device 4 is a 
display device with a wired communication module ( e . g . , a 
desktop computer ) . In another embodiment , the connection 
device 4 is a display device with a wireless communication 
module ( e . g . , a notebook computer ) . In another embodi 
ment , the connection device 4 is a portable electronic device 
with a wireless communication module ( e . g . , a mobile 
phone ) . For example , the wired communication module has 
an RS485 communication port , an RS232 communication 
port , a Modbus communication port or a KNX communi 
cation port , and the wireless communication module per 
forms a wireless communication process according to a 
Zigbee communication technology , a Z - wave communica 
tion technology , an RF communication technology , a Blu 
etooth communication technology , a Wifi communication 
technology or an EnOcean communication technology . 
[ 0048 ] A driving and information transmitting system for 
the actuating and sensing device 1 includes a networking 
relay station 7 and a cloud data processor 8 . The connection 
device 4 sends the information carried by the output data to 
the networking relay station 7 , after which the networking 
relay station 7 sends the information carried by the output 
data to the cloud data processor 8 to make it stored in and 
processed by the cloud data processor 8 . The cloud data 
processor 8 processes the information carried by the output 
data to correspondingly issue a notification signal to the 
connection device 4 through the networking relay station 7 . 
After the connection device 4 receives the notification 
signal , the notification processing system 5 connected with 
the connection device 4 receives the notification signal from 
the connection device 4 , and accordingly enables an air 
quality notification mechanism . Alternatively , the notifica - 
tion processing device 6 connected with the connection 
device 4 receives the notification signal from the connection 
device 4 , and accordingly enables an air quality processing 
mechanism . 
10049 ] In an embodiment , the connection device 4 issues 
a control command to the actuating and sensing device 1 so 
as to control the operation of the actuating and sensing 
device 1 . Similarly , the control command is transmitted to 
the data transceiver 16 in the wired or wireless communi 
cation transmission manner as discussed above . Then , the 
control command is transmitted to the microprocessor 14 to 
control the sensor 12 to perform the sensing operation and 
enable the actuating device 13 . 
[ 0050 ] In an embodiment , the driving and information 
transmitting system for the actuating and sensing device 1 
further includes a second connection device 9 . The second 
connection device 9 issues the control command to the cloud 
data processor 8 through the networking relay station 7 , then 
the control command is transmitted from the cloud data 
processor 8 to the connection device 4 through the network 
ing relay station 7 , so that the connection device 4 issues the 
control command to the data transceiver 16 . Then , the 
control command is transmitted to the microprocessor 14 . 
According to the control command , the microprocessor 14 
controls the sensor 12 to perform the sensing operation and 
enables the actuating device 13 . In an embodiment , the 

second connection device 9 is a device with a wired com 
munication module . In other embodiment , the second con 
nection device 9 is a device with a wireless communication 
module . In another embodiment , the second connection 
device 9 is a portable electronic device with a wireless 
communication module , but not limited thereto . 
[ 0051 ] The actuating and sensing device 1 of the air 
filtering protection device can be detached from the filtering 
mask 2 to become an independent device , which can serve 
as a portable air quality monitoring device to monitor the air 
quality of the external air outside the filtering mask 2 . While 
the user is wearing the air - filtering protection device , the 
mouth and the nose of the user are covered by the filtering 
mask 2 and a closed space is formed therebetween . Since the 
actuating and sensing device 1 is mounted and positioned on 
the filtering mask 2 , the air in the closed space is driven by 
the actuating device 13 to flow , by which the air is intro 
duced from the closed space inside the filtering mask 2 into 
the actuating and sensing device 1 via the fluid communi 
cation between the first air channel 212 of the first coupling 
element 21 and the second air channel 103 of the second 
coupling element 10 . Consequently , the circulation of the air 
in the closed space is achieved so as to improve the efficacy 
of discharging the polluted air from the closed space , and 
adjusting the temperature and the humidity of the closed 
space . In addition , after the air flows from the closed space 
inside the filtering mask 2 into the interior of the actuating 
and sensing device 1 , the air is monitored by the sensor 12 . 
Thus , the air quality in the filtering mask 2 is monitored , and 
air quality information including the level of pollution , 
humidity and temperature in the filtering mask 2 , is pro 
vided . Moreover , an actuation speed of the actuating device 
13 is adjustable according to the air quality in the filtering 
mask 2 ( e . g . , the level of pollution ) , so that the air in the 
filtering mask 2 can be discharged in different flow rates 
( e . g . discharged air volume ) for regulating the air quality in 
the filtering mask 2 and maintaining a good air quality state 
inside the filtering mask 2 . When the sensor 12 monitors that 
the air quality is poor and harmful to human beings con 
tinuously , a notification signal is issued to notify the user for 
replacing the filtering mask 2 with a new one . On the other 
hand , the actuating and sensing device 1 uses the data 
transceiver 16 to transmit the output data , which is generated 
by processing the monitored data , to the connection device 
4 . Thus , the information carried by the output data can be 
displayed , stored and transmitted by the connection device 
4 , for immediately displaying the air quality information and 
notifying the user in case the ambient air quality is poor . 
Moreover , the output data can be transmitted to a cloud 
server . The cloud server constructs a cloud database after 
collecting the output data for providing the real - time air 
quality information . According to the real - time air quality 
information provided by the cloud server , an air quality 
notification mechanism and an air quality processing mecha 
nism are enabled . Therefore , the user can be notified 
instantly to wear the air - filtering protection device immedi 
ately to prevent from the influence on human health caused 
by the air pollution . 
[ 0052 ] From the above descriptions , the present disclosure 
provides an air - filtering protection device combined with an 
actuating and sensing device . Since the actuating device can 
promote the air to flow , and can allow the air to be continu 
ously guided to the sensor in the fixed amount with stability 
and uniformity , the time of the sensor in response to the air 
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is largely reduced , thereby the air is monitored with preci 
sion . Another advantage of the present disclosure is that the 
actuating and sensing device is not equipped with a power 
source , and an additional power supply device is employed 
to transfer the energy to power the sensor and the actuating 
device . Since the installation space of the overall modular 
structure is saved , the purpose of minimizing the modular 
structure is achieved . Moreover , after the output data , which 
is generated by processing the monitored data , is received by 
the data transceiver , the output data is transmitted from the 
data transceiver to the connection device . The information 
carried by the output data is displayed , stored and transmit 
ted by the connection device . Consequently , the purpose of 
immediately displaying the air quality information and 
immediately notifying the user in case of poor ambient air 
quality are achieved . Moreover , the output data can be 
transmitted to a cloud server , and the cloud server constructs 
a cloud database after collecting the output data for provid 
ing real - time air quality information . According to the 
real - time air quality information , an air quality notification 
mechanism and an air quality processing mechanism are 
enabled . Therefore , the user is notified instantly in case of 
poor ambient air quality , and can wear the air - filtering 
protection device immediately to prevent from the influence 
on human health caused by the air pollution . In sum , the 
air - filtering protection device of the present disclosure has 
significant improvement in helping the user to prevent from 
harm caused by air pollution . 
[ 0053 ] While the disclosure has been described in terms of 
what is presently considered to be the most practical and 
preferred embodiments , it is to be understood that the 
invention needs not be limited to the disclosed embodiment . 
On the contrary , it is intended to cover various modifications 
and similar arrangements included within the spirit and 
scope of the appended claims which are to be accorded with 
the broadest interpretation so as to encompass all such 
modifications and similar structures . 

What is claimed is : 
1 . An air - filtering protection device , comprising : 
a filtering mask for being worn to filter air ; and 
an actuating and sensing device disposed on the filtering 
mask and comprising at least one sensor , at least one 
actuating device , a microprocessor , a power controller 
and a data transceiver , wherein the at least one actuat 
ing device is disposed on one side of the at least one 
sensor and comprises at least one guiding channel , 
wherein the at least one actuating device is enabled to 
transport air by which the air flows through the at least 
one sensor via the at least one guiding channel , such 
that the air is sensed by the at least one sensor . 

2 . The air - filtering protection device according to claim 1 , 
wherein the filtering mask is a mouth mask . 

3 . The air - filtering protection device according to claim 1 , 
wherein the filtering mask is a wearable face mask with a 
filtering element . 

4 . The air - filtering protection device according to claim 1 , 
wherein the actuating device comprises at least one selected 
from the group consisting of an electric actuating device , a 
magnetic actuating device , a thermal actuating device , a 
piezoelectric actuating device , a fluid actuating device and a 
combination thereof . 

5 . The air - filtering protection device according to claim 1 , 
wherein the sensor comprises at least one selected from the 
group consisting of a gas sensor , an oxygen sensor , a carbon 

monoxide sensor , a carbon dioxide sensor , a liquid sensor , a 
temperature sensor , a humidity sensor , an ozone sensor , a 
particulate sensor , a volatile organic compound sensor , a 
light sensor , a virus sensor , a bacterial sensor , a microbio 
logical sensor and a combination thereof . 

6 . The air - filtering protection device according to claim 4 , 
wherein the fluid actuating device is a micro - electro - me 
chanical system ( MEMS ) pump . 

7 . The air - filtering protection device according to claim 4 , 
wherein the fluid actuating device is a piezoelectric pump . 

8 . The air - filtering protection device according to claim 7 , 
wherein the fluid actuating device comprises : 

a gas inlet plate having at least one inlet , at least one 
convergence channel and a central cavity defining a 
convergence chamber , wherein the at least one inlet 
allows the air to flow in , and the at least one conver 
gence channel is disposed corresponding to the at least 
one inlet and guides the air from the at least one inlet 
toward the convergence chamber defined by the central 
cavity ; 

a resonance plate having a central aperture and a movable 
part , wherein the central aperture is disposed corre 
sponding to the convergence chamber and the movable 
part surrounds the central aperture ; and 

a piezoelectric actuator disposed corresponding to the 
resonance plate , wherein a gap is formed between the 
resonance plate and the piezoelectric actuator to define 
a first chamber , so that the air from the at least one inlet 
of the gas inlet plate is converged to the central cavity 
along the at least one convergence channel and flows 
into the first chamber through the central aperture of the 
resonance plate when the piezoelectric actuator is 
enabled , whereby the air is further transferred through 
a resonance between the piezoelectric actuator and the 
movable part of the resonance plate . 

9 . The air - filtering protection device according to claim 8 , 
wherein the piezoelectric actuator comprises : 

a suspension plate having a first surface and an opposing 
second surface , wherein the suspension plate is permit 
ted to undergo a bending vibration ; 

an outer frame arranged around the suspension plate ; 
at least one bracket connected between the suspension 

plate and the outer frame for elastically supporting the 
suspension plate ; and 

a piezoelectric plate , wherein a length of a side of the 
piezoelectric plate is smaller than or equal to a length 
of a side of the suspension plate , and the piezoelectric 
plate is attached on the first surface of the suspension 
plate , wherein when a voltage is applied to the piezo 
electric plate , the suspension plate is driven to undergo 
the bending vibration . 

10 . The air - filtering protection device according to claim 
9 , wherein the suspension plate is a square suspension plate 
with a bulge . 

11 . The air - filtering protection device according to claim 
8 , wherein the fluid actuating device further comprises a 
conducting plate , a first insulation plate and a second insu 

l ation plate , wherein the gas inlet plate , the resonance plate , 
the piezoelectric actuator , the first insulation plate , the 
conducting plate and the second insulation plate are sequen 
tially stacked . 

12 . The air - filtering protection device according to claim 
1 , wherein the filtering mask comprises a coupling element , 
and the actuating and sensing device is mounted and posi 
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tioned on the filtering mask through the coupling element , 
wherein the coupling element is served as an air channel for 
allowing the air inside the filtering mask to be introduced 
into the actuating and sensing device to be monitored . 

13 . The air - filtering protection device according to claim 
12 , wherein the filtering mask is worn by a user , and the 
sensor senses the air introduced from the inside of the 
filtering mask into the actuating and sensing device via the 
coupling element to provide air quality information includ - 
ing the level of pollution , humidity and temperature . 

14 . The air - filtering protection device according to claim 
13 , wherein the filtering mask is worn by the user , and the 
sensor senses the air introduced from the inside of the 
filtering mask into the actuating and sensing device via the 
coupling element to provide the level of air pollution , 
wherein the actuating device is enabled to discharge the air 
inside the filtering mask according to the level of air 
pollution to regulate the air quality in the filtering mask , 
such that a good air quality state inside the filtering mask is 
maintained . 

15 . The air - filtering protection device according to claim 
1 , wherein the power controller of the actuating and sensing 
device comprises a charging element for storing and out 
putting energy , and the charging element provides the energy 
to the sensor and the actuating device to perform a sensing 
operation and an actuating operation respectively . 

16 . The air - filtering protection device according to claim 
15 , wherein the charging element transfers the energy in a 
wired transmission manner . 

17 . The air - filtering protection device according to claim 
15 , wherein the charging element transfers the energy in a 
wireless transmission manner . 

18 . The air - filtering protection device according to claim 
1 , wherein the microprocessor of the actuating and sensing 
device computes monitored data generated by the at least 
one sensor to convert the monitored data into output data , 
wherein the output data is received by the data transceiver , 
and the data transceiver transmits the output data to a 
connection device such that information carried by the 
output data is displayed , stored and transmitted by the 
connection device . 

19 . The air - filtering protection device according to claim 
18 , wherein the connection device is connected with a 
notification processing system to enable an air quality noti 
fication mechanism . 

20 . The air - filtering protection device according to claim 
18 , wherein the connection device is connected with a 
notification processing device to enable an air quality pro 
cessing mechanism . 

21 . An air - filtering protection device , comprising : 
at least one filtering mask for being worn to filter air ; and 
at least one actuating and sensing device disposed on the 

filtering mask and comprising at least one sensor , at 
least one actuating device , at least one microprocessor , 
at least one power controller and at least one data 
transceiver , wherein the actuating device is disposed on 
one side of the sensor and comprises at least one 
guiding channel , wherein the actuating device is 
enabled to transport air by which the air flows through 
the sensor via the guiding channel , such that the air is 
sensed by the sensor . 

* * * * * 


