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(54) SPIROMETER, MOUTHPIECE TUBE, AND MEASUREMENT METHOD USING SAME

(57) Spirometer, mouthpiece tube and inspection
method thereof. The spirometer includes at least the
mouthpiece tube and an ultrasound detector configured
to detect the ultrasound generated by the gas flowing
through the mouthpiece tube, wherein the mouthpiece
tube has a shell having an opened end, a closed or
opened end, and an ultrasonic generator configured to

be inserted into different portions of the shell in different
situations. Therefore, by inserting the ultrasonic gener-
ator into different portions of the shell during expiration
and inspiration, the gas flow during expiration and inspi-
ration may be transformed into the ultrasonic signal and
then maybe detected and analyzed.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a spirometer,
a mouthpiece tube and an inspection method thereof,
especially, the present invention is related to the spirom-
eter, the mouthpiece tube and the inspection method that
transform the gas flow during inspiration and expiration
into the ultrasonic signal for detecting and analyzing.

BACKGROUND OF THE INVENTION

[0002] Currently, the plastic impedance pressure
spirometer and the turbine spirometer are the most pop-
ular spirometers on the market. The former utilizes the
wind pressure of the gas flowing through the spirometer
during breath to induce the sheets oscillation of the sheet
sensor positioned on the end or the side of the spirometer
for generating the corresponding inspiration and/or ex-
piration signal, and the latter utilizes the wind pressure
of the gas flowing through the spirometer during breath
to drive the fan leaves and/or turbines and then measure
the generated current or measure the rotation of the fan
leaves and/or turbines by the infrared ray for generating
the corresponding inspiration/expiration signals. Howev-
er, these currently available spirometers still have some
disadvantages to be improved. For example, due to the
inertia, the motion of the sheets, the fan leaves and the
turbines can not be stopped immediately when the gas
flow is terminated so that the inspiration/expiration signal
is continuously generated for a when after the ending of
the gas flow. For example, due to the weight and the
friction, the sheets, the fan leaves and the turbines usu-
ally can not precisely generate the inspiration/expiration
signal if the gas flow volume or the gas flow rate is lower.
For example, due to the manufacturing errors and the
operational loss, both the deviation and degradation of
the measurement qualify are usually unavoidable and
also the measurement result is hard to correct. Accord-
ingly, there is a need to develop a new spirometer.

SUMMARY OF THE IVENTION

[0003] The present invention utilizes the ultrasonic
wave to generate the inspiration and/or expiration signal,
i.e., both the ultrasonic wave generation device and the
ultrasonic wave detection device are used to replace the
sheets, the fan leaves or the turbines utilized by the well-
known spirometers. By delivering the gas generated dur-
ing expiration and/or expiration through the ultrasonic
wave generation device (such as silent whistle and Gal-
ton’s whistle) positioned on the mouthpiece tube, the cor-
responding ultrasonic signals may be generated. After
that, by analyzing the ultrasonic signals, some messages
of the inspiration and/or expiration may be acquired, such
as the gas flow volume and the gas flow rate.
[0004] The invention proposes the mouthpiece tube

having a shell and an ultrasonic wave generation device.
The shell has an open end and at least one opening po-
sitioned on the sidewall of the shell, and the ultrasonic
wave generation device may be positioned on different
portions of the shell. For example, the ultrasonic wave
generation device may be positioned on the open end of
the shell so that the gas may flow from the gas entrance
of the ultrasonic wave generation device though the gas
exit of the ultrasonic wave generation device and then
leave through the opening on the shell. For example, the
ultrasonic wave generation device may be positioned on
the opening on the sidewall of the shell where the gas
entrance and the gas exit of the ultrasonic wave gener-
ation device are positioned outside and inside the space
enclosed by the shell respectively, hence the gas may
flow through the gas entrance and the gas exit in se-
quence and then leave through the open end of the shell.
Accordingly, the gas flow generated during the inspiration
and/or the expiration may generate the corresponding
ultrasonic wave signal respectively.
[0005] The invention proposes the spirometer having
the mouthpiece tube configured to transform the gas flow
of the breath gas (i.e., the gas appeared during the ex-
piration and/or the inspiration) into the ultrasonic wave
signals and the ultrasonic wave detection device (such
as the microphone) configured to receive the ultrasonic
wave signal from the mouthpiece tube. Besides, the
spirometer may further has a process device configured
to transform the ultrasonic wave signal into the signal
data related to the gas flow (such as the gas flow rate
time diagram or the gas flow volume time diagram), and
also may further a communication device (such as wire-
less network device or bluetooth device) configured to
transmit the ultrasonic wave signal to the device (such
as cell phone and computer) positioned outside the
spirometer for analyzing the ultrasonic wave signal.
Moreover, the spirometer may further has a shell where
the mouthpiece tube may be connected to the shell via
the joint ring or other device. Also, each of the ultrasonic
wave detection device, the process device and the com-
munication device may be positioned inside the space
enclosed by the shell or be integrated with the mouth-
piece tube.
[0006] The invention proposes the inspection method
using the spirometer and the mouthpiece tube mentioned
above. Initially, use the spirometer configured to trans-
form the gas flow during inspiration and/or expiration into
the ultrasonic wave signal so as to transform the gas flow
during inspiration/expiration into the ultrasonic wave sig-
nal during the breath function inspection. After that, an-
alyze the ultrasonic wave signal so as to acquire the gas
flow rate time diagram or other data related to the inspi-
ration and/or the expiration and then generate the corre-
sponding breath function parameters values.
[0007] The invention has some advantages in compar-
ison to the currently popular plastic impedance pressure
spirometer and turbine spirometer. First, it is low cost and
easy to make, because both the silent whistle and Gal-
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ton’s whistle are current commercial product and also
the ultrasonic wave detection device is the well-known
skill. Next, because the ultrasonic wave generation de-
vice may generate the ultrasonic wave immediately if the
gas is flowing (or the gas flow is larger than the threshold
value) and may stop the generation of the ultrasonic wave
immediately if the gas flow is finished (or the gas flow is
smaller than the threshold value), it is more sensitive than
the conventional spirometers whose motion inertia induc-
es the generation of the expiration/inspiration signals for
a while after the finish of the gas flow. Moreover, because
the ultrasonic wave generation device (such as silent
whistle, Galton’s whistle, or other equivalents) generates
the ultrasonic wave by using the gas vibrations of the gas
flowing through a briefly close space, the operational loss
is less and the measurement distortion induced by the
smaller vibrations (or viewed as weaker gas flow) may
be decreased, especially if the generated ultrasonic wave
signal may be adjusted by adjusting the size and the
shape of the briefly close space. In addition, all of the
silent whistle, the Galton’s whistle, the microphone and
the circuits formed by the modern technology may have
higher qualify and less loss, but all of the sheets, the fans
leaves and the turbines usually has lower manufacture
qualify and higher operational loss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1A to FIG. 1D are the illustrations of the spirom-
eter according to some embodiments of the inven-
tion.
FIG. 2A to FIG. 2D are the illustrations of the mouth-
piece tube according some embodiments of the in-
vention.
FIG. 3 is the essential flow chart of the inspection
method according to some embodiments of the in-
vention.
FIG. 4A and FIG. 4B are the illustrations of the gas
flow messages according to some embodiments of
the invention.
FIG. 5A and FIG. 5C are the illustrations of the struc-
ture of the mouthpiece tube according to one em-
bodiment of the invention.
FIG. 6A and FIG. 6D are the illustrations of the struc-
ture of the mouthpiece tube according to one em-
bodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Preferred embodiments of the present invention
will be described in reference to the accompanying draw-
ings.
[0010] The invention deliveries the inspiration and/or
expiration gas through the ultrasonic wave generation
device so as to generate the ultrasonic wave signal re-
lated to the gas flow during inspiration and/or expiration.

Hence, the breath status may be mastered by analyzing
the ultrasonic wave signal, such as by transforming the
continuously measured ultrasonic wave signal into the
gas flow rate time diagram. In other words, the invention
uses both the ultrasonic wave generation device and the
ultrasonic wave detection device to replace the device
used to measure the gas flow by the well-known spirom-
eters (such as the plastic impedance pressure spirometer
and the turbine spirometer). Further, both the ultrasonic
wave generation device and the ultrasonic wave detec-
tion device may be formed by the currently available tech-
nologies. For example, the well-known silent whistle and
Galton’s whistle may be used to transform the flow of the
gas delivered through into the ultrasonic wave signal,
wherein the strength of the generated ultrasonic wave is
dependent on the flow rate of the gas delivered through.
For example, the ultrasonic detection device may be
formed by using many well-known technologies, such as
omnidirectional microphone, bidirectional microphone,
cardioid microphone, super novel directional micro-
phone, gun shape directional microphone and so on.
[0011] The invention may acquire more sensitive gas
flow rate time diagram than the conventional spirometers,
and then the invention may more precisely and stably
measure the breath status. Note that the ultrasonic wave
generation device only generates the ultrasonic wave in
the situation that the gas is delivered through. Besides,
on the base of the acquired gas flow rate time diagram,
the well-known technologies may be used to find the
breath parameters values, such as the peak inspiratory
flow rate, the first second inspiratory volume, the forced
vital capacity or others.
[0012] One embodiment of the invention is the spirom-
eter, especially the spirometer uses the mouthpiece tube
capable of transforming the gas flow into the ultrasonic
wave signal. As shown in FIG. 1A, the spirometer 100
has the mouthpiece tube 110 configured to transform the
gas flow during inspiration and/or expiration into the ul-
trasonic wave signal and the ultrasonic wave detection
device 120 (such as the microphone) configured to re-
ceive the ultrasonic wave signal propagated from the
mouthpiece tube 110. On some embodiments, the ultra-
sonic wave detection device 120 may be integrated with
the mouthpiece tube 110, i.e., the mouthpiece tube 110
may transform the gas flowing through into the ultrasonic
wave signal and also may detect the ultrasonic wave sig-
nal in such situation. On some embodiments, as shown
in FIG. 1B, the spirometer 100 has the shell 130, the
mouthpiece tube 110 may be connected to the shell 130
via the joint ring or other elements positioned on the shell
130, and the ultrasonic wave detection device 120 may
be positioned in the space enclosed by the shell 130.
Moreover, the mouthpiece tube 110 may be removed
away the shell 130 and also may be fixed on the shell
130. In this way, the mouthpiece tube 110 may be a re-
placeable element so that different users may their own
mouthpiece tubes respectively.
[0013] On some embodiments, the spirometer 100 has
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the process device 140 configured to transform the ul-
trasonic wave signal into the message date related to the
gas flow, wherein the process device 140 also is posi-
tioned in the space enclosed by the shell 130 as shown
in FIG. 1C. On some embodiments, as shown in FIG. 1D,
the spirometer 100 has the communication device 150
(such as the wireless network element or the bluetooth
element) configured to transform the ultrasonic wave sig-
nal into the external device 199 (such as cell phone or
computer) for analyzing the ultrasonic signal. In other
words, the spirometer 100 may be a product capable of
performing the processes from receiving the breath gas
to analyzing the ultrasonic wave signal, but also may be
a product only receive the breath gas and generate the
corresponding ultrasonic wave signal where the analysis
of the ultrasonic wave signal is processed by cell phone,
computer or others.
[0014] The geometric details of the mouthpiece tube
110, such as size and shape, especially the shape, the
size or others of the connection interface between the
mouthpiece tube 110 and the spirometer 100 is flexible.
It may be equal to the size and the shape of the mouth-
piece tube used by the well-known spirometer, but also
may have different designs according to the practical re-
quirements. In different embodiments, each of the ultra-
sonic wave detection device 120, the process device 140
and the communication device 150 may be positioned in
the space enclosed by the shell 130 but also may be
integrated into the mouthpiece tube 110, i.e., the shell
130 may be omitted. The invention does not limit these
variations also does not present all variations via draw-
ings.
[0015] Another embodiment of the invention is the
mouthpiece tube, especially the mouthpiece tube capa-
ble of transforming the gas flow into the ultrasonic wave
signal. As shown in FIG. 2A, the essential structure of
the present mouthpiece tube 200 has the shell 210 and
the ultrasonic wave generation device 220. The ultrason-
ic wave signal corresponding to the gas flow status (such
as gas flow rate) is generated whenever the inspiration
and/or expiration gas flows through the ultrasonic wave
generation device 220. For example, whenever the user
exhales and/or inhales as the user’s mouth touches or
approaches the mouthpiece tube 200. In the situation
that the ultrasonic wave detection device 120 is posi-
tioned in the space enclosed by the shell 130 of the
spirometer 100 and the shell 210 of the mouthpiece tube
200 is connected to the shell 130 via junction ring or oth-
ers, the shell 210 also may fix the distance between the
ultrasonic wave generation device 220 and the ultrasonic
wave detection device 120. On different embodiments,
the shell 210 and the mouthpiece tube used by the well-
known spirometer may have the same size, the same
shape and others, especially the size and the shape of
the interface between the shell 210 and the shell 130.
Nevertheless, it also may be different than the size and
the shape of the mouthpiece tube used by the conven-
tional spirometer.

[0016] In some embodiments, the ultrasonic wave gen-
eration device 220 is the conventional silent whistle or
the conventional Galton’s whistle. The advantages of
such approach are low cost and simple technology be-
cause the development of new device is not required. As
shown in FIG. 2B, the essential structure of the well-
known silent whistle and the well-known Galton’ whistle
has an open end 292 and an opposite end which may be
open or close. It has an inner space 294 located between
the two ends, a cut 293 is positioned on the sidewall of
its’ shell 291 and faces the inner space 294, and a spoiler
295 is positioned inside the inner space 294 and placed
between the open end 292 and the cut 293. During the
gas flow path from the open end 292 through the inner
space 294 to the cut 293, the ultrasonic wave is gener-
ated by the gas disturbance induced by the interaction
between the gas and the spoiler 295. Further, the
strength of the generated ultrasonic wave is essentially
dependent on the gas flow rate and the frequency of the
generated ultrasonic wave is essentially dependent on
the shape and the size of the inner space 294.
[0017] In the situation that the ultrasonic wave gener-
ation device 220 is the well-known silent whistle or the
well-known Galton’s whistle, one end of the shell 210 is
closed (the gas can not flow through) and another end
of the shell 210 is opened (the gas can flow through),
one cut 293 is positioned on the sidewall of the shell 210,
and the ultrasonic wave generation device 220 is posi-
tioned on different portions of the shell 210 for monitoring
the inspiration status or the expiration status respectively.
For example, as shown in FIG. 2C, in the situation that
the expiration status is measured, the ultrasonic wave
generation device 220 is positioned on the open end 292
of the shell 210 so that the gas may flow from the open
end 292 through the spoiler 295 and the cut 293 in the
inner space 294 of the ultrasonic wave generation device
220 in sequence and then may leave through the cut 293
of the shell 210. For example, as shown in FIG. 2D, in
the situation that the inspiration status is measured, the
ultrasonic wave generation device 220 is positioned on
the gas opening 230 on the sidewall of the shell 210
where the open end 292 and the cut 293 of the ultrasonic
wave generation device 220 is positioned outside and
inside the space enclosed by the shell 210 respectively.
In this way, the gas may from the open end 292 through
the spoiler 295 inside the inner space 294 of the ultra-
sonic wave generation device 220 and the cut 293 in
sequence, and then leaves through the open end of the
shell 210. Therefore, the different gas flows of the expi-
ration and the inspiration may be transformed into differ-
ent ultrasonic wave signals by the ultrasonic wave gen-
eration device.
[0018] Some embodiments are the breath function in-
spection method. These embodiments are applicable to
these spirometers and these mouthpiece tubes men-
tioned above and their essential flow chart is shown in
FIG. 3. Initially, as shown in the step block 31, prepare
a spirometer configured to transform the gas flow into
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the ultrasonic wave signal. Next, as shown in the step
block 32, continuously receive the expiration gas and/or
the inspiration gas via the spirometer and transform the
gas flow into the ultrasonic wave signal during a period.
Then, as shown in step block 33, receive and analyze
the ultrasonic wave signal for acquiring the correspond-
ing breath function parameters values.
[0019] For example, the continuously generated ultra-
sonic wave signal during this period may be transformed
into the gas flow rate time diagram, such as the qualitative
example shown in FIG. 4A, related to the inspiration func-
tion and/or the expiration function. Hence, the inspiration
related breath functions may be decided by the maximum
flow rate or whether the flow rate excess the threshold
during the inspiration period, and also may be decided
by the flow volume diagram based on the relationship
between the flow rate and time (e.g. the integration of
the flow rate time diagram) as shown in FIG. 4B during
the inspiration period. Further, the peak value of the gas
flow rate and / or the period that the gas flow rate exceeds
the threshold may be used to measure the expiration
function, but the accumulated gas flow volume during a
period and/or the accumulated gas flow volume during a
period that the gas flow rate is higher than the threshold
may be used to measure the inspiration function.
[0020] It should be emphasized that all of the ultrasonic
wave generation device (such as silent whistle and Gal-
ton’s whistle), the ultrasonic wave detection device (such
as these microphones mentioned above) and the proc-
ess device (may be practiced by the integrated circuits
or the applications software) may have higher qualify sta-
bility and lower loss. In contrast, all of the sheets, fan
leaves and turbines used by the conventional spirome-
ters are easy to be worn, hard to maintain manufacture
qualify and trend to continuously generate the ultrasonic
wave signal after the finish of the gas flow due to the
motion inertia. Therefore, no matter to inspect the inspi-
ration or to inspect the expiration, both the gas flow rate
time diagram and the gas flow volume time diagram ac-
quired by the invention using the ultrasonic wave may
have jagged outline, i.e., the measurement of the gas
flow is sensitive on the variation of the gas flow. Espe-
cially, human’ inspiration will be gradually slow down be-
fore the lung is full but human’s expiration will be fluctu-
ated with unstable gas flow rate before the lung is empty.
Hence, the turbines, the fan leaves and the plastic sheets
used by the conventional spirometer can not precisely
measure due to the gas flow rate variation during the
inspiration period. In contrast, the ultrasonic wave in-
spection used by the invention may generate the ultra-
sonic wave if the gas is flowing and may stop generating
the ultrasonic wave if the gas flow is stopped. In this way,
the benefits of the proposed invention are more signifi-
cant.
[0021] The proposed spirometer and the proposed
mouthpiece tube may be further integrated with the mo-
bile phone. Beside the situation that the mobile phone is
used as the process device of the spirometer, some other

non-illustrated embodiments may directly integrate the
mouthpiece tube (includes the ultrasonic wave genera-
tion device) and the ultrasonic wave detection device into
the mobile phone, or integrate the mouthpiece tube (in-
cludes the ultrasonic wave generation device) and the
ultrasonic wave detection device as an external device
connected to the mobile phone via the universal serial
bus (USB) or other interface (eq., is alike to the earphone
connected to the mobile phone via the headphone plug).
Of course, on these situations, the used algorithm, at
least the values of the parameters used by the algorithm,
may be adjusted according to the different sensitivities
of different micro phones and the distance between the
micro phone and the ultrasonic wave generation device.
[0022] In the situation that the ultrasonic wave gener-
ation device used by the invention is the silent whistle,
the Galton’s whistle or other hardware capable of adjust-
ing the frequency of the generated ultrasonic wave, the
proposed invention may fix the frequency of the ultrason-
ic wave generated by the silent whistle or the Galson’s
whistle, i.e., the position of the spoiler 295 is fixed, also
the invention may allow the ultrasonic wave frequency
being adjustable, i.e., the position of the spoiler 295 is
adjustable. The advantages of fixing the ultrasonic wave
frequency are that the measurement and the calculation
of the gas flow rate and the gas flow volume are simpler
and then the required adjustable parameters of the used
algorithm are reduced.
[0023] According to another embodiment of the inven-
tion, as shown in FIG. 5A to FIG. 5C, the invention pro-
vides a mouthpiece tube 500 configured to inspect the
inspiration status. The mouthpiece tube 500 includes a
shell 510 and at least one ultrasonic wave generation
device 520. The shell 510 may be cylindrical, and two
ends of the shell 510 are a gas entrance 511 and a shell
bottom 512 respectively. Further, the shell bottom 512
may further include a channel 530 for containing at least
one ultrasonic wave generation device 520, wherein the
channel 530 may be cylindrical. The channel 530 has a
channel opening 531 for connecting the exterior of the
shell 510. The shell bottom 512 also has a gas opening
514 for connecting with the gas entrance 511 to form a
gas flow space enclosed by the shell 510. The shell bot-
tom 512 may further has at least one groove 513 and at
least one gas opening 515, wherein the groove 513 is
located on the shell bottom 512 and faces to the gas
entrance 511 for separating different channels 530 and
keeping each channel 530 being disconnected with and
independent on other channel(s) 530, wherein the gas
opening 515 is connected with the exterior of the mouth-
piece tube 500 for additionally introducing gas and then
reducing the resistance of the gas flow. The gas opening
515 may be positioned on the groove 513 or other por-
tions outside the channel 530. In addition, the ultrasonic
wave generation device 520 may be tubular. The ultra-
sonic wave generation device 520 may further have a
gas entrance 521, an ultrasonic wave generation device
bottom 522, a gas exit 523 and a spoiler 525. The gas
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entrance 521 is positioned on one end of the ultrasonic
wave generation device 520 for introducing the gas flow,
the other end of the ultrasonic wave generation device
520 is the ultrasonic wave generation device bottom 522,
and the gas exit 523 is positioned in the middle portion
of the ultrasonic wave generation device 520. The spoiler
525 is positioned inside the ultrasonic wave generation
device 520 and is placed between the gas entrance 521
and the gas exit 523. The spoiler 525 may be a baffle
positioned in the inner space of the ultrasonic wave gen-
eration device 520 for forming a narrow channel. Hence,
a gas disturbance is induced so that the gas flowing
through the gas exit 523 has a special vibration. The ul-
trasonic wave generation device 520 is placed on the
channel 530, and the gas exit 523 is connected to the
gas opening 514 so that the gas is delivered from the
inner of the ultrasonic wave generation device 520 into
the gas flow space enclosed the shell 510. Further, the
gas flow path from the gas entrance 521 into the ultra-
sonic wave generation device 520 is orthogonal to the
gas flow path from the gas exit 523 to the external of the
ultrasonic wave generation device 520.
[0024] According to the embodiment, by referring to
FIG. 5A to FIG. 5C, the application of the proposed
mouthpiece tube 500 may be described as below. First,
provides a gas flow suction for delivering the gas from
the gas flow space enclosed by the shell 510 of the
mouthpiece tube 500 to the gas entrance 511. When the
gas flow suction begins to function, the gas outside the
mouthpiece tube 500 is delivered through the gas en-
trance 521 to form a gas flow. Then, the gas flow is de-
livered through the spoiler 525 and the gas exit 523 to
generate the ultrasonic wave (i.e., the gas flow may be
viewed as the ultrasonic wave gas flow in such portion),
and the gas flow is delivered through the gas opening
514 into the gas flow space enclosed by the shell 510.
In the meantime, by using an ultrasonic wave detection
device, the breath function may be distinguished by
measuring and calculating the maximum flow rate of the
inspiration or deciding whether the gas flow rate exceeds
the threshold value. Besides, the direction of the gas de-
livered away the gas entrance 511 is orthogonal to the
direction of the gas delivered into the gas entrance 521
of at least one ultrasonic wave generation device 520.
On the other hand, the usage of the gas opening 515
may significantly reduce the gas flow resistance when
the gas flow suction begins to function, because the path
of the ultrasonic wave gas flow has an orthogonal corner
herein.
[0025] According to one more embodiment of the in-
vention, as shown in FIG. 6A to FIG. 6D, the invention
provides a mouthpiece tube 600 configured to inspect
the expiration status. The mouthpiece tube 600 includes
a shell 610 and at least one ultrasonic wave generation
device 620. The shell 610 may be cylindrical, also one
end of the shell 610 is an entrance end 611 capable of
delivering the external gas into the space surrounded by
the shell 610 and another end of the shell 610 is an exit

end 612. One fixed member 630 is positioned in the mid-
dle of the exit end 612, and at least a gas opening 614
is positioned on the sidewall of the shell 610. The fixed
member 630 further has a fixed channel 631 further hav-
ing a fixed channel positioner 633 and the gas opening
614 connecting the fixed channel 631 and the exterior of
the space enclosed by the shell 610. Each ultrasonic
wave generation device 620 may be tubular and further
include a gas entrance 621, an ultrasonic wave genera-
tion device bottom, a gas exit 623, a spoiler 625, and a
positioning component 626. The gas entrance 621 for
importing gas is positioned on one end of the ultrasonic
wave generation device 620, and the other end of the
ultrasonic wave generation device 620 is the ultrasonic
wave generation device bottom. The gas exit 623 is po-
sitioned on the middle portion of the ultrasonic wave gen-
eration device 620. The spoiler 625 is positioned inside
the ultrasonic wave generation device 620 and placed
between the gas entrance 621 and gas exit 623. The
spoiler 625 may be a baffle configured to form a narrow
opening. The positioning component 626 is matched with
the fixed channel positioner 633 so that the ultrasonic
wave generation device 620 may be simply and correctly
constructed and positioned in the fixed channel 631 and
also so that the gas exit 623 precisely connected with
the gas opening 614 for delivering the gas away the gas
flow space enclosed by the shell 610 through the inner
of the ultrasonic wave generation device 620. Further,
the gas flow path from the gas entrance 621 into the
ultrasonic wave generation device 620 is orthogonal to
the gas flow path from the gas exit 623 to the exterior of
the ultrasonic wave generation device 620.
[0026] According to the embodiment, by referring to
FIG. 6A to FIG. 6C, the application of the proposed
mouthpiece tube 600 may be described as below. First,
provides a gas flow suction for directing the gas from the
entrance end 611 into the space enclosed by the shell
610 of the mouthpiece tube 600. When the gas flow suc-
tion begins to function, the gas is directed through the
gas entrance 621 of the ultrasonic wave generation de-
vice 620. Then, the gas is delivered through the spoiler
625 and the gas exit 623 for generating an ultrasonic
wave gas flow, and finally is delivered through the gas
opening 614 to the exterior of the space enclosed by the
shell 610. In the meantime, by using an ultrasonic wave
detection device, the breath function may be distin-
guished by measuring and calculating the maximum flow
rate of the expiration or deciding whether the gas flow
rate exceeds the threshold value. Besides, the direction
of the gas delivered into the gas entrance 611 is parallel
to the direction of the gas delivered into the gas entrance
621 of the ultrasonic wave generation device 620 but is
orthogonal to the direction of the gas delivered away the
gas opening 614.
[0027] Although the invention has been explained in
relation to its preferred embodiments, it is to be under-
stood that modifications and variations can be made with-
out departing the spirit and scope of the invention a
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claimed.

Claims

1. A spirometer, comprising:

a mouthpiece tube configured to transform the
gas flow into the ultrasonic wave signal; and
an ultrasonic wave detection device configured
to receive the ultrasonic wave from the mouth-
piece tube.

2. The spirometer of claim 1, the mouthpiece tube hav-
ing a shell and an ultrasonic wave generation device,
wherein the ultrasonic wave generation device is
configured to generate the ultrasonic wave signal
corresponding to the gas flow when the gas flows
through the space enclosed by the shell.

3. The spirometer of claim 1, further comprising a proc-
ess device configured to transform the ultrasonic
wave signal into the signal data related to the gas
flow.

4. The spirometer of claim 3, the gas flow related signal
data including the gas flow rate time diagram and
the gas flow volume time diagram.

5. The spirometer of claim 1, further comprising an ul-
trasonic wave detection device configured to receive
the ultrasonic wave signal.

6. The spirometer of claim 1, further comprising a shell,
wherein the mouthpiece tube is connected to the
shell.

7. A mouthpiece tube, comprising:

a shell, wherein at least one end of the shell is
the open end, wherein the sidewall of the shell
has at least one gas opening; and
an ultrasonic wave generation device.

8. The mouthpiece tube of claim 7, the ultrasonic wave
generation device is chosen from the group consist-
ing of the following: the silent whistle and the Galton’s
whistle.

9. The mouthpiece tube of claim 7, the ultrasonic wave
generation device having a shell, wherein the shell
further has an open end being one end of the shell,
an inner space positioned between two ends of the
shell, a cut positioned on the sidewall of the shell
and facing the inner space, and a spoiler positioned
in the inner space and between the open end and
the cut.

10. The mouthpiece tube of claim 9, the ultrasonic wave
generation device being positioned on the open end
of the shell so that the gas may flow from the open
end through the spoiler and the cut in sequence and
then leaves through the gas opening of the shell.

11. The mouthpiece tube of claim 9, the ultrasonic wave
generation device is positioned on the gas opening
of the sidewall of the shell, wherein the open end
and the cut of the ultrasonic wave generation device
are positioned outside and inside the space enclosed
by the shell respectively so that the gas flow from
the open end of the ultrasonic wave generation de-
vice and through the spoiler in the inner space and
the cut in sequence before leaving through the open
end of the shell.

12. A breath function inspection method, comprising:

providing a spirometer configured to transform
the gas flow into the ultrasonic wave signal;
continuously receiving the gas from users’ ex-
piration and/or inspiration and transforming the
gas flow into the ultrasonic wave signal during
a period; and
receiving and analyzing the ultrasonic wave sig-
nal to acquire the corresponding breath function
parameters values.

13. The method of claim 12, further comprising trans-
forming the ultrasonic wave signals into the gas flow
rate time diagram.

14. The method of claim 13, further comprising trans-
forming the ultrasonic wave signals into the gas flow
volume time diagram.

15. The method of claim 12, further comprising measur-
ing at least one of the following for inspecting the
expiration function:

the peak value of the gas flow rate; and
the period that the gas flow rate is higher than
a threshold value.

16. The method of claim 12, further comprising measur-
ing at least one of the following for inspecting the
inspiration function:

the accumulated gas flow volume during a pe-
riod; and
the accumulated gas flow volume during a pe-
riod that the gas flow rate is higher than a thresh-
old value.

17. The method of claim 12, further comprising position-
ing an ultrasonic wave generation device on an open
end of a shell of a mouthpiece tube in the situation
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of inspecting the expiration function, wherein the gas
is delivered from the open end of the ultrasonic wave
generation device through a cut of the ultrasonic
wave generation device and then leaves through the
gas opening of the shell.

18. The method of claim 12, further comprising position-
ing an ultrasonic wave generation device on the gas
opening on the sidewall of a shell of a mouthpiece
tube in the situation of inspecting the inspiration func-
tion, wherein the open end and the cut of the ultra-
sonic wave generation device are positioned on the
exterior and the interior of the space enclosed by the
shell so that the gas may flow from the open end of
the shell and then through the open end and the cut
of the ultrasonic wave generation device before leav-
ing.

19. A mouthpiece tube configured to inspect the inspi-
ration function, comprising:

a shell, one end of the shell being a gas entrance
and another end of the shell being a shell bottom,
the shell bottom further including at least a chan-
nel which each has a channel opening and a
gas opening, wherein the channel opening is
connected to the exterior outside the space en-
closed by the shell, wherein both the gas open-
ing and the gas entrance forms a gas flow space
enclosed by the shell so that the mouthpiece
tube may deliver the gas from the gas flow space
to the gas entrance by a gas flow suction; and
at least an ultrasonic wave generation device
that positioned in the at lease a channel, wherein
each ultrasonic wave generation device further
has a gas entrance and a gas exit, wherein the
gas exit is connected to the gas opening of the
channel for delivering the gas from the inner of
the ultrasonic wave generation device into the
gas flow space enclosed by the shell so that the
ultrasonic wave generation device may deliver
the gas from the exterior of the mouthpiece tube
through the gas entrance by the gas flow suc-
tion.

20. The mouthpiece tube of claim 19, wherein the shell
bottom further include a groove, wherein the groove
is positioned on the shell bottom and faces the gas
entrance so as to separate different channels and
make each channel be independent on and discon-
nected to other channel(s).

21. The mouthpiece tube of claim 19, wherein the shell
bottom further include a gas opening which is con-
nected to the exterior of the mouthpiece tube for ad-
ditionally introducing gas and reduce the gas flow
resistance.

22. The mouthpiece tube of claim 19, wherein the ultra-
sonic wave generation device further includes a
spoiler, wherein the spoiler is positioned inside the
ultrasonic wave generation device and placed be-
tween the gas entrance and the gas exit so as to
form a narrow channel inside the inner space of the
ultrasonic wave generation device.

23. The mouthpiece tube of claim 19, wherein the gas
exit is positioned on the middle portion of the ultra-
sonic wave generation device.

24. The mouthpiece tube of claim 19, wherein the gas
flow path that the gas is delivered from the gas en-
trance into the ultrasonic wave generation device is
orthogonal to the gas flow path that the as the deliv-
ered through the gas exit into the exterior of the ul-
trasonic wave generation device.

25. The mouthpiece tube of claim 19, wherein the direc-
tion that the gas is delivered through the gas en-
trance into the ultrasonic wave generation device is
orthogonal to the direction that the gas is delivered
through the gas exit away the ultrasonic wave gen-
eration device.

26. A mouthpiece tube configured to inspect the expira-
tion function, comprising:

a shell, one end of the shell being an entrance
end for delivering the gas from the exterior into
the space enclosed by the shell, another end of
shell being an exit end having a fixed member
with at least a fixed channel;
at least a gas opening positioned on the sidewall
of the shell, wherein each of the gas opening
connects the fixed channel with the exterior of
the shell; and
at least an ultrasonic wave generation device,
wherein the ultrasonic wave generation device
is positioned in the fixed channel, wherein the
ultrasonic wave generation device has a gas en-
trance and a gas exit, wherein the gas exit is
connected with the gas opening for delivering
the gas from the interior of the ultrasonic wave
generation device to the exterior of the ultrasonic
wave generation, wherein the mouthpiece tube
delivers the gas from the entrance end into the
space enclosed by the shell, into the ultrasonic
wave generation device through the gas en-
trance and then away the ultrasonic wave gen-
eration device through the gas exit in sequence
by the gas flow suction.

27. The mouthpiece tube of claim 26, wherein the ultra-
sonic wave generation device further include a spoil-
er, wherein the spoiler is positioned inside the ultra-
sonic wave generation device and placed between
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the gas entrance and the gas exit so as to form a
narrow channel in the inner space of the ultrasonic
wave generation device.

28. The mouthpiece tube of claim 26, wherein the gas
exit is positioned in the middle portion of the ultra-
sonic wave generation device.

29. The mouthpiece tube of claim 26, wherein the fixed
channel further includes a fixed channel positioner
and the ultrasonic wave generation device further
includes a positioning component, wherein the po-
sitioning component is matched with the fixed chan-
nel positioner so that the ultrasonic wave generation
device may simply and correctly constructed and po-
sitioned in the fixed channel and the gas exit pre-
cisely connected with the gas opening.

30. The mouthpiece tube of claim 26, wherein the flow
path that the gas is delivered from the gas entrance
into the ultrasonic wave generation device is orthog-
onal to the gas flow path that the gas is delivered
through the gas exit into the exterior of the ultrasonic
wave generation device.

31. The mouthpiece tube of claim 26, wherein the direc-
tion that the gas is delivered through the entrance
end is parallel to the direction that the gas is delivered
into the gas entrance of the ultrasonic wave gener-
ation device but is orthogonal to the direction that
the gas is delivered away the gas opening.
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