US 20170258364A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0258364 A1

Xu et al. (43) Pub, Date: Sep. 14, 2017
(54) MEASUREMENT DEVICE AND METHOD A61B 5/097 (2006.01)
FOR HUMAN RESPIRATORY SYSTEM A61B 5/03 (2006.01)
FUNCTION (52) US.CL
CPC ..o A6IB 5/087 (2013.01); A61B 5/097
(71)  Applicant: Goldver Tech Systems Co. Ltd, (2013.01); A61B 5/7278 (2013.01); A61B 5/03
Chupei City, Hsin Chu County (TW) (2013.01); A61B 5091 (2013.01); A6IB 5/085
. (2013.01); A61B 5/746 (2013.01); A6IB 5/082
(72) Inventors: Mengbiao Xu, Jiangsu (CN); Yonglong (2013.01); A61B 5/742 (2013.01); A61B
Xu, Jiangsu (CN) 5/0022 (2013.01)
(21) Appl. No.: 15/529,591 (57) ABSTRACT
(22) PCT Filed: Nov. 25, 2014 A measurement device for a human respiratory system
function comprises a respiration measurement device (20).
(86) PCT No.: PCT/CN2014/092097 The respiration measurement device (20) receives a respi-
$371 ©)(1) ratory air flow and senses the respiratory air flow to generate
’ a set of sensing signals, and performs calculation according
(2) Date: May 25, 2017 to the sensing signals to generate a human respiratory
Publication Classification system parameter, the sensing signalg coniprising at le‘:ast‘an
absolute pressure of the respiratory air flow. The respiration
(51) Imt. CL measurement device (20) comprises a respiration measure-
A61B 5/087 (2006.01) ment channel (21). The absolute pressure generated by a
A61B 5/00 (2006.01) respiratory air flow of a user in the respiration measurement
A61B 5/08 (2006.01) channel (21) that is in a single-end sealed state is measured.
A61B 5/091 (2006.01) The absolute pressure corresponds to the pressure in the lung
AG6IB 5/085 (2006.01) of the user.
13 ]

__ ///%

12—




Patent Application Publication  Sep. 14,2017 Sheet 1 of 14 US 2017/0258364 Al

10

Fig.1



Patent Application Publication  Sep. 14,2017 Sheet 2 of 14 US 2017/0258364 Al

Fig.2




Patent Application Publication  Sep. 14,2017 Sheet 3 of 14 US 2017/0258364 Al

20

)

27
Fi1g.3

g7

29




Patent Application Publication  Sep. 14,2017 Sheet 4 of 14 US 2017/0258364 Al

20

21

Fig.4

27

24



Patent Application Publication  Sep. 14,2017 Sheet 5 of 14 US 2017/0258364 Al

21

241

|
\

7
/ /A

Fig.5




Patent Application Publication  Sep. 14,2017 Sheet 6 of 14 US 2017/0258364 Al

(o)
Q
SN \ 7
/\ /
\ 2
AT G
i
3
(@]
7 / 7

200 — T

294



US 2017/0258364 A1

Sep. 14,2017 Sheet 7 of 14

Patent Application Publication

L3

I8¢ 129

A [

]

SATRA TOJXIUOD A201q oBA

t

(44

arnpou
Burijrwsueas

aDTADD
SuTATODOT [ —— -~ . aTNpou Balla—
/ BUT|10AIUOD

o

TBIJUDD
L1

aTnpow
0¢ duissenoad [wvUSIS

[s¢

afnpou aanssoad ;JII/////

arnpou
oantedaduel 0TJIIR BUtyjieoiq
pue edustaJilp eanssoxd |

aTnpouw jusillaansvou

$¢C

Ve

v

e



Patent Application Publication  Sep. 14,2017 Sheet 8 of 14 US 2017/0258364 Al

64

281b

T T—————63

Fig.8

60

LN NN N R —

%g%%
I
7
— 28la

\



Patent Application Publication  Sep. 14,2017 Sheet 9 of 14 US 2017/0258364 Al

7

Fig.9

65

\-
"
N

21



Patent Application Publication  Sep. 14,2017 Sheet 10 of 14  US 2017/0258364 A1

66

Fig.10

65




Patent Application Publication  Sep. 14,2017 Sheet 11 of 14  US 2017/0258364 Al

Fig.11

65




Patent Application Publication  Sep. 14,2017 Sheet 12 of 14  US 2017/0258364 Al

20

40

Fig.12




Patent Application Publication

20

Sep. 14,2017 Sheet 13 of 14

o) ans)
F e
ST -

/

82

Fig.13

US 2017/0258364 A1



Patent Application Publication  Sep. 14,2017 Sheet 14 of 14  US 2017/0258364 Al

<
o~
]
oo
%
crr T T 77T s D7 )
]
= <
—
R 4 assass .
7 ol
e




US 2017/0258364 A1l

MEASUREMENT DEVICE AND METHOD
FOR HUMAN RESPIRATORY SYSTEM
FUNCTION

FIELD OF THE INVENTION

[0001] The present invention relates to a human respira-
tory system function measuring apparatus and method.

BACKGROUND OF THE INVENTION

[0002] Air pollution is getting worse significantly in recent
vears, and that the incidence of lung disease is greatly
increasing as well. Pulmonary function of a large portion of
people has seriously decreased accordingly, and this symp-
tom is not easily to be aware subjectively. Early stage lung
diseases are not easily to be diagnosed by the patient itself,
and consequently missing the golden time for early treat-
ment of the disease, the doctor may also neglect potential
symptoms if the patient does not inform the doctor instantly.
Even if pulmonary radiography is taken, the disease is often
discovered after relevant conditions deteriorate. Conven-
tional pulmonary function test is to use a pulmonary func-
tion measuring device for testing. In which such pulmonary
function measuring device must be located in a confined
space with constant temperature and pressure, and then
people further takes steps for pulmonary function tests under
the doctor’s instruction. However, conventional pulmonary
function measuring devices are bulk, and the operation is
complicated and the test is expensive. Therefore, those
conventional devices may neither be a household medical
equipment, nor to be portable; those devices are also not
workable under exercising conditions. Conventional meth-
ods to measure resistances are usually impulse oscillometry
and plethysmogrophy, however, not only the equipment
implementing these methods are expensive and more com-
plicated while in use, but being effective only to the patients
with moderate conditions; measurement utilizing these
methods to patients with mild or severe conditions are less
effective. Because these kinds of pulmonary function mea-
suring devices are less convenient, people often miss the
golden time of treatments on early pulmonary lesions due to
lack of motivation on regular inspection of pulmonary
function. As a result, a cheaper and portable pulmonary
function measuring device, which is also capable of wire-
lessly transmitting the measurement results to the analysis
systems in the hospital for informing the users their pulmo-
nary function status constantly, is strongly demanded.

SUMMARY OF THE INVENTION

[0003] In order to overcome defects existing in conven-
tional airway resistance measurement devices, a human
respiratory system function measuring apparatus is provided
and comprises a respirometer receiving and sensing a
breathing airflow to produce a sensing signal, and producing
a human respiratory system parameter by calculating the
sensing signal at least comprises an absolute pressure of the
breathing airflow, wherein: the respirometer comprises a
respiration measuring pipeline; the absolute pressure is
generated and measured from the breathing airflow of a user
in the respiration measuring pipeline with an end of the
respiration measuring pipeline sealed; and the absolute
pressure corresponds to an intrapulmonary pressure of the
user.
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[0004] The sensing signal further comprises a gas flux and
a breathing airflow temperature of the breathing airflow
sensed in the respiration measuring pipeline, the human
respiratory system function measuring apparatus calculates
the human respiratory system parameter based on the pres-
sure difference of the breathing airflow, the breathing airflow
temperature and the absolute pressure, wherein: a gas den-
sity is calculated based on the intrapulmonary pressure and
the breathing airflow temperature; a gas flow rate is calcu-
lated based on the pressure difference; a gas volume is
calculated based on the gas flux; the gas flux is calculated
based on the intrapulmonary pressure, the breathing airflow
temperature, and the gas flow rate; a vital capacity is
calculated based on the gas volume, and a potential energy
of the maximum intrapulmonary pressure measured at the
time the user starts to exhale after fully inhaled is calculated
based on the intrapulmonary pressure and the vital capacity,
the potential energy is the product of the intrapulmonary
pressure and the vital capacity; a kinetic energy of the
exhaled gas converted from the entire potential energy after
all gas have been exhaled is calculated based on the gas
density and the gas flow rate, the kinetic energy is calculated
as: Qv=pxv2/2, wherein Qv represents the kinetic energy, p
represents the gas density, V represents the gas flow rate; an
airway resistance indicator representing an airway resistance
is calculated based on the potential energy and the kinetic
energy, the airway resistance indicator indicates the patency
in the respiratory tract while breathing, the airway resistance
indicator is calculated by dividing the absolute value of the
difference of the potential energy and the kinetic energy by
the potential energy: |Vs—Qvl/Vs, wherein Vs represents the
potential energy and Qv represents the kinetic energy; and
the loss of the kinetic energy is calculated based on the
potential energy and the kinetic energy, wherein the equation
of the loss is Qz=Vs-Qv, and Qz represents the loss of the
Kkinetic energy.

[0005] The respirometer calculates the gas flux from the
intrapulmonary pressure, the breathing airflow temperature,
and a gas flow rate, characterized in that the respirometer
measures a pressure difference generated by the breathing
airflow, and calculates the gas flow rate from the pressure
difference.

[0006] The respirometer comprises a measurement mod-
ule and a signal processing module connected to the mea-
surement module, wherein: the measurement module mea-
sures the breathing airflow of a user in the respiration
measuring pipeline, and outputs the sensing signal to the
signal processing module according to the measured result;
the signal processing module calculates the human respira-
tory system parameter based on the sensing signal; and the
signal processing module outputs the human respiratory
system parameter to a receiving device connected to a
database, the database comprises a clinical data, the receiv-
ing device runs statistics or analysis on the human respira-
tory system parameter by utilizing the clinical data.

[0007] The human respiratory system function measuring
apparatus further comprises an additional measuring device
comprising a three-way valve, an air pipeline, a respiratory
measurement gas pipeline, a measuring pipeline and a
control valve, the three-way valve comprises three outlet
ports communicating with each other, each of the outlet
ports is respectively connected to the air pipeline, the a
respiratory measurement gas pipeline, and the measuring
pipeline, wherein: the three-way valve comprises a valve
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block controlling the communication manner among the air
pipeline, the respiratory measurement gas pipeline, and the
measuring pipeline, and the air pipeline and the respiratory
measurement gas pipeline are connected with the control
valve, the air pipeline and the respiratory measurement gas
pipeline communicate with the outer environment or not
depends on the open or closed state of the control valve.
[0008] The human respiratory system function measuring
apparatus, characterized in that the receiving device outputs
a control signal to the signal processing module, and the
signal processing module controls the position of the valve
block or the open or closed state of the control valve.
[0009] The human respiratory system function measuring
apparatus, characterized in that the receiving device utilizes
normal human respiratory system parameter from the clini-
cal data as a default threshold, and outputs a warning signal
while the human respiratory system parameter exceeds the
threshold.

[0010] The human respiratory system function measuring
apparatus, characterized in that the respiratory measurement
gas pipeline is connected with a steel cylinder, and the
respiratory measurement gas pipeline comprises a gas ana-
lyzing module, wherein: by connecting the control valve and
the steel cylinder, the control valve controls a respiratory
measurement gas inside the steel cylinder to be outputted to
the respiratory measurement gas pipeline; and the gas ana-
lyzing module analyzes the gas density and the composition
of the respiratory measurement gas in the respiratory mea-
surement gas pipeline.

[0011] The human respiratory system function measuring
apparatus, characterized in that the respiratory measurement
gas pipeline is connected with an air bag, while the control
valve is in the opened state, the steel cylinder, the respiratory
measurement gas pipeline, and the air bag communicates
with each other.

[0012] The human respiratory system function measuring
apparatus further comprises a respiratory mask connected to
the respirometer, the respiratory mask coniprises a mask and
a connecting port, the profile of the mask corresponds to the
shape of the mouth and the nose on a human face, the
connecting port is penetrated through the mask, and the
respirometer is connected to the respiratory mask through
the connecting port.

[0013] The human respiratory system function measuring
apparatus, characterized in that the respiratory mask com-
prises a filter membrane and a membrane tightening ring, the
appearance of the filter membrane corresponds to a cross-
section of the concave surface of the mask; the membrane
tightening ring is detachably assembled with the mask, the
filter membrane is fixed between the membrane tightening
ring and the mask.

[0014] The human respiratory system function measuring
apparatus, characterized in that the respirometer comprises
a flow-controlling device, a pressure difference and breath-
ing airflow temperature module measures the pressure dif-
ference and the breathing airflow temperature in the respi-
ration measuring pipeline through the flow-controlling
device, wherein: the flow-controlling device is disposed in
the respiration measuring pipeline and comprises a con-
stricted section, the inner diameter of the constricted section
is smaller than the inner diameter of a free end of the
flow-controlling device, so that the pressure difference is
formed while gas passes therethrough, the pressure differ-
ence and breathing airflow temperature module measures the
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pressure difference formed in the respiratory measuring
pipeline caused by the flow-controlling device.

[0015] The human respiratory system function measuring
apparatus further comprises a nasal respiratory assisting kit
assembled with the respirometer, a free end of the nasal
respiratory assisting kit has a splitter, the profile of the
splitter corresponds to the width and depth of human nostril.
[0016] The human respiratory system function measuring
apparatus further comprises a cover, wherein: the cover is a
mouth cover connected with the respirometer; or the cover
is a nasal cover connected with the nasal respiratory assist-
ing kit, the nasal cover corresponds to the nasal respiratory
assisting kit and the width and the depth of human nostril.
[0017] According to the foregoing description, the present
invention has the following advantages:

[0018] 1. The structure is simple thus allowing users to
carry out self-diagnoses to improve the convenience of lung
tests; lung disease patients may be treated earlier by early
detection of relevant problems through convenient testing
methods.

[0019] 2. Simplified structure and convenient operations
reduces the cost of testing.

[0020] 3. The signal module can transmit or store the
measured data in a specified location in real time to facilitate
the tests in subsequent analyses, and the signal of the sensed
results can be transmitted wirelessly, for instance: through a
wireless network, Bluetooth, infrared, etc. to provide medi-
cal personnel convenience on remote monitoring.

[0021] 4. The invention breaks through conventional
methods of measuring resistances, effectively simplifies the
measurement equipments, and can also be applied to
patients with either mild or severe diseases.

[0022] 5. The medical staff can remotely control the
testing process through the receiving device.

[0023] 6. By using absolute pressure as a basis on calcu-
lating human respiratory system parameters, errors caused
by different altitudes of the test sites are greatly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings.

[0025] FIG. 1 is a sectional schematic diagram illustrating
a human respiratory system function measuring device
according to an embodiment of the present invention;
[0026] FIG. 2 is an exploded diagram of the respiratory
mask according to an embodiment of the present invention;
[0027] FIG. 3 is a cross-sectional diagram of a respiratory
measuring pipeline according to an embodiment of the
present invention;

[0028] FIG. 41s a lateral view of a respirometer according
to an embodiment of the present invention;

[0029] FIG. 5isa cross-sectional diagram of the respirom-
eter according to an embodiment of the present invention,
[0030] FIG. 6 is a cross-sectional diagram of a flow-
controlling device according to an embodiment of the pres-
ent invention;

[0031] FIG. 7 is a functional block diagram according to
an embodiment of the present invention;

[0032] FIG. 81s a cross-sectional diagram of an additional
measuring device according to an embodiment of the present
invention;
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[0033] FIG. 9 is a cross-sectional diagram of a three-way
valve in a first position according to an embodiment of the
present invention;

[0034] FIG. 10 is a cross-sectional diagram of the three-
way valve in a second position according to an embodiment
of the present invention;

[0035] FIG. 11 is a cross-sectional diagram of the three-
way valve in a third position according to an embodiment of
the present invention;

[0036] FIG. 12 is a cross-sectional diagram of a nasal
respiratory assisting kit according to an embodiment of the
present invention;

[0037] FIG. 13 is a cross-sectional diagram of a cover
according to an embodiment of the present invention; and
[0038] FIG. 14 is a cross-sectional diagram of a nostril
cover according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts. It
is not intended to limit the method or the system by the
exemplary embodiments described herein. In the following
detailed description, for purposes of explanation, numerous
specific details are set forth in order to attain a thorough
understanding of the disclosed embodiments. It will be
apparent, however, that one or more embodiments may be
practiced without these specific details. As used in the
description herein and throughout the claims that follow, the
meaning of “a”, “an”, and “the” includes reference to the
plural unless the context clearly dictates otherwise. Also, as
used in the description herein and throughout the claims that
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follow, the terms “comprise or comprising”, “include or
including”, “have or having”, “contain or containing” and
the like are to be understood to be open-ended, i.e., to mean
including but not limited to. As used in the description
herein and throughout the claims that follow, the meaning of
“in” includes “in” and “on” unless the context clearly
dictates otherwise.

[0040] It will be understood that when an element is
referred to as being “connected” to another element, it can
be directly connected to the other element or intervening
elements may be present.

[0041] Referring to FIG. 1 and FIG. 2, a human respiratory
system function measuring device is provided and includes
a respiratory mask 10 and a respirometer 20. The respiratory
mask 10 includes a mask 11 and a connecting port 14, the
shape of the mask 11 may be variable. The shape can be a
concave surface corresponding to the shape of the nose and
the mouth on a human face, or can be a simple rounded
concave surface. The mask 11 includes a concave surface 15
and a convex surface 16, the connecting port 14 is penetrated
through the mask 11, and the respirometer 20 is connected
to the respiratory mask 10 through the connecting port 14.
The connection of the respirometer 20 is to be inserted
through the connecting port 14 from a direction toward the
convex surface 16.

[0042] While practicing the present invention to obtain a
human respiratory system parameter, the concave surface 15
will be held close to the mouth of the user, after a breathing
space defined in the concave surface 15 covers the mouth,
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the user breathes through the respirometer 20, a breathing
airflow generated from breathing flows through the
respirometer 20, and the respirometer 20 measures and
obtains relevant signals from the breathing airflow. The
signal will then be processed and calculated via a signal
processing module 25 to obtain the human respiratory
system parameter, those data including the human respira-
tory system parameter can be displayed on a receiving
device 30. In which the human respiratory system parameter
may include vital capacity (VC), forced vital capacity
(FVC), functional residual capacity (FRC), diffusing capac-
ity of the lung for carbon monoxide (DLCO), airway resis-
tance, total lung capacity (TLC), and other relevant data.
[0043] The respiratory cover 10 further includes a filter
membrane 12 and a membrane tightening ring 13, the
appearance of the filter membrane 12 corresponds to a
cross-section of the concave surface 15 of the mask 11, the
area of the filter membrane 12 is equal or smaller than the
cross-section area of the concave surface 15, so that the filter
membrane 12 can be detachably and correspondingly
assembled with the concave surface 15. The membrane
tightening ring 13 is detachably assembled with the mask 11,
the filter membrane 12 is fixed between the membrane
tightening ring 13 and the mask 11. The filter membrane 12
includes a thin membrane that is capable of filtering air, or
may be used to avoid the measurement error caused by
reflux of body liquid between the mouth and the nose. The
material of the filter membrane 12 can be non-woven
fabrics, activated carbon, specific density fabrics and other
materials with the effect of filtering air.

[0044] Please refer to FIG. 3 and FIG. 4, the respirometer
20 includes a respiration measuring pipeline 21, a measure-
ment module 24, the signal processing module 25, an end
seal 28 and a flow-controlling device 29. In which the
respiratory measuring pipeline 21 is a hollow pipeline, the
breathing airflow from the user may flow through this
hollow pipeline. A free end of the respiratory measuring
pipeline 21 corresponds to the connecting port 14, the
respiratory measuring pipeline 21 can be detachably and
tightly assembled with the respiratory mask 10. The con-
necting manner of the free end and the respiratory mask 10
is not limited to the embodiments depicted herein which
may includes tight fit, screw lock, snap, socket, and so on.
[0045] The end seal 28 is detachably assembled to the
other free end of the respiratory measuring pipeline 21, so
that the end of the respiratory measuring pipeline 21 can be
sealed; alternatively, the end seal 28 can be replaced with a
control valve 281. For instance, referring to the control valve
281a shown in FIG. 8, by controlling the state of the control
valve 281a to be opened or closed, the respiratory measuring
pipeline 21 can be sealed or unsealed accordingly. In an
instance that the end seal 28 seals the free end of the
respiratory measuring pipeline 21, and the user exhales into
the respiratory measuring pipeline 21 through the respiratory
mask 10, because the free end of the respiratory measuring
pipeline 21 is in a sealed state, the air pressure in the
respiratory measuring pipeline 21 equals the air pressure in
the lung of the user, a intrapulmonary pressure can be
measured and obtained.

[0046] Please refer to FIG. 5 and FIG. 6, the flow-
controlling device 29 is disposed in the respiratory measur-
ing pipeline 21, the flow-controlling device 29 is a ring-like
structure, and that the breathing airflow from the user may
flow through the flow-controlling device 29 via its two free
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ends. A pressure difference generated by the breathing
airflow of the user while flowing through the flow-control-
ling device 29 in the respiratory measuring pipeline 21 can
be measured by the measurement module 24. The flow-
controlling device 29 includes at least a pressure guiding
port 291, an inlet port 292, an outlet port 293, a constricted
section 294, and a sealing ring receiving recess 295. The
inlet port 292 and the outlet port 293 are the two free ends
of the flow-controlling device 29, the constricted section 294
1s formed in the middle of the flow-controlling device 29, in
which the inner diameter of the constricted section 294 is
smaller the inner diameters of both the inlet port 292 and the
outlet port 293, so that a change of airflow rate is occurred
according to the resistance due to different inner diameters
while the airflow passing through the flow-controlling
device 29, thereby generating the pressure difference
between the inlet port 292 and the outlet port 293. The
pressure guiding port 291 is formed on the outer periphery
of the flow-controlling device 29, in which the pressure
guiding port 291 penetrates through the flow-controlling
device 29 so as to communicate the flow-controlling device
29 with the outer environment through the pressure guiding
port 291. According to an embodiment of the present inven-
tion, a number of the pressure guiding ports 291 formed at
the outer periphery of the inlet port 292 and the outlet port
293 and arranged symmetrically about the constricted sec-
tion 294. The distances from each pressure guiding port 291
of the two free ends to the center, namely the constricted
section 294, are equal. As a result, the pressure formed
inside the flow-controlling device 29 can be precisely mea-
sured by the measurement module 24. The sealing ring
receiving recess 294 may contain a sealing ring 296, so that
the airflow can completely pass through the flow-controlling
device 29 by avoiding leakage between the flow-controlling
device 29 and the inner wall of the respiratory measuring
pipeline 21, which causes measurement errors.

[0047] The measurement module 24 includes a pressure
difference and breathing airflow temperature module 241
and a pressure module 242, the measurement module 24 is
disposed adjacent to the respiratory measuring pipeline 21.
For instance, the measurement module 24 may be disposed
at the outer periphery of the respiratory measuring pipeline
21, or to be disposed inside the respiratory measuring
pipeline 21. According to an embodiment of the present
invention, variations of the pressure, the gas flux, and the
breathing airflow temperature inside the respiratory measur-
ing pipeline 21 can be measured by the measurement
module 24 with a sensing end 243 that penetrates through at
least one sensing port 22. A sensing signal will be outputted
to the signal processing module 25 after the sensing end 243
senses the variations of those physical quantities mentioned
above. In which the sensing port 22 is formed at the outer
periphery of the respiratory measuring pipeline 21 and
penetrates through the respirometer 20, so as to communi-
cate the respiratory measuring pipeline 21 to the outer
environment through the sensing port 22.

[0048] The pressure module 242 has the sensing end 243,
the pressure inside the respiratory measuring pipeline 21
may be measured via the sensing end 243, during such
measurement, one of the free ends of the respiratory mea-
suring pipeline 21 is sealed by the end seal 28 or other
applicable sealing manners, and the sensing signal of varia-
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tions of physical quantities including the air pressure is
outputted from the measurement module 24 to the signal
processing module 25.

[0049] The air pressure measured by the pressure module
242 is presented as an absolute pressure, thus avoiding
measurement errors while the measurement of the pressure
module 242 is taken in different latitudes, which causes the
measured intrapulmonary pressure of the user not being
obtained correctly. According to an embodiment of the
present invention, after measuring a relative pressure inside
the respiratory measuring pipeline 21 by the pressure mod-
ule 242, the altitude of the location where the measurement
has been taken will be further considered and used to obtain
a relative atmospheric pressure, and by adding the relative
pressure to the relative atmospheric pressure of where the
measurement has been taken, the absolute pressure is
obtained. In which the altitude information of the measure-
ment site can be received externally, such as being received
by a GPS (Global Positioning System) device capable of
obtaining the altitude of the measurement site, and the
relevant atmospheric pressure of such altitude. Alternatively,
the altitude information may also be manually inputted by
the user via an input device connected to the measurement
module 24.

[0050] Conventionally, relative pressure is often presented
as the result in pressure measurements, in which the atmo-
spheric pressure is set as a zero reference point, where the
pressure value lower than the atmospheric pressure is
defined as a negative value, and defined as a positive value
in an opposite condition. However, the atmospheric pressure
varies upon the altitude, by referring to basic knowledge:
[0051] ““atmospheric pressure decreases as the altitude
increases, the relationship in which is that for each 12-meter
increment of the altitude, the atmospheric pressure decreases
for 1 mm-Hg, or, for each 9-meter increment of the altitude,
the atmospheric pressure decreases for 100 pa.”

[0052] Based on the aforementioned knowledge, the con-
ventional pressure measurements of presenting the results in
relative manners easily causes measurement errors due to
latitude variations of the measurement site. Pressures mea-
sured by the present invention are presented in absolute
values instead of relative values, so that measurement errors
unlikely appear.

[0053] In regard with the gas flux and breathing airflow
temperature module 241, the measurement of gas flux can be
performed in an ultrasonic or heat conducting manners.
According to an embodiment of the present invention,
measurement of the gas flux of the pressure difference and
breathing airflow temperature module 241 is performed by
utilizing a differential pressure sensing manner to measure
the pressure difference in the respiratory measuring pipeline
21, then, the gas flux can be calculated from the pressure
difference, in which the embodiment includes at least two of
the sensing ends 243 respectively inserted into two of the
sensing ports 22, the two sensing ports 22 respectively
correspond to the two pressure guiding ports 291 of the
flow-controlling device 29, the two pressure guiding ports
291 respectively is formed at two ends of the constricted
section 294, so as to measure the pressure difference of the
two ends of the flow-controlling device 29 and the breathing
airflow temperature by the pressure difference and breathing
airflow temperature module 241. Further, the two pressure
guiding ports 291 are arranged in a symmetrical manner
about the constricted section 294 and disposed at the inlet
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port 292 and the outlet port 293, so that the pressure
difference of the two ends of the flow-controlling device 29
and the breathing airflow temperature can be measured more
precisely by the pressure difference and breathing airflow
temperature module 241. The sensing signal which includes
the variation of physical quantities of the pressure difference
and the breathing airflow temperature is outputted from the
measurement module 24 to the signal processing module 25.
Referring to FIG. 7, the signal processing module 25 can be
connected to the measurement module 24 by wire or wire-
lessly, while connected by wire, the signal processing mod-
ule 25 can directly receive the sensing signal outputted from
the measurement module 24, or, while connected wirelessly,
the measurement module 24 may wirelessly transmit the
sensing signal to the signal processing module 25, so that the
signal processing module 25 can be wirelessly connected to
the measurement module 24, in which the wireless connec-
tion can be performed by various manners such as WLAN,
Bluetooth, infrared, and so on.

[0054] According to an embodiment of the present inven-
tion, the measurement of the gas flux is performed in the
ultrasonic manner, and two ultrasonic sensing devices are
further provided and disposed at the outer periphery of the
respiratory measuring pipeline 21 in an interval arrange-
ment. The gas flux is calculated by using an ultrasonic wave
produced from the ultrasonic sensing device, and the reflect-
ing time period of the ultrasonic wave. When the measure-
ment of the gas flux is performed in the heat conducting
manner, a heating device is further provided at the inlet port
292 in the respiratory measuring pipeline 21, in which the
gas flux is calculated based on the increment of the airflow
temperature in the respiratory measuring pipeline 21.

[0055] The signal processing module 25 includes a central
controlling module 251 and a transmitting module 252, after
the transmitting module 252 receives the sensing signal
outputted from the measurement module 24, the central
controlling module 251 performs analyses and calculations
on the sensing signal, the transmitting module 252 then
outputs the human respiratory system parameter based on
the result of the analyses and calculations to the receiving
device 30, in which the receiving device 30 may be a mobile
communication device, a mobile phone, a personal com-
puter, a tablet computer, or a website page displaying the
human respiratory system parameter via a network server.
The transmission between the transmitting module 252 and
the receiving device 30 can be done by wire or wirelessly,
for instance, the signal processing module 25 can be con-
nected to the receiving device 30 via a wired network, or can
be connected to the receiving device 30 wirelessly via
WLAN, Bluetooth, infrared, etc., for transmitting the human
respiratory system parameter to the receiving device 30, and
further data storing, analyses, statistical estimations via the
receiving device 30, or issuing a warning signal according to
the human respiratory system parameter to the receiving
device 30. Furthermore, the receiving device 30 can be
connected to a database, in which the database may include
clinical data like normal or abnormal human respiratory
system parameter data, relationships of the changes in the
atmospheric pressure by different altitudes, or a normal
range of vital capacities, or other data obtained from healthy
human bodies via measurement on the human respiratory
system parameter. The receiving device 30 utilizes the
clinical data to run statistics or analyze the human respira-
tory system parameter, for instance, the receiving device 30
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utilizes normal human respiratory system parameter from
the clinical data as a default threshold, and issues a warning
signal while the human respiratory system parameter
exceeds the threshold.

[0056] A power supply module 27 can be fixed or detach-
ably disposed on the respirometer 20 for supplying electrical
power needed to the measurement module 24 or the signal
processing module 25, in which the power supply module 27
may be an adapter connected to an electrical socket, or a
replaceable battery.

[0057] Referring to FIG. 9 and FIG. 10, the respirometer
20 is connected to an additional measuring device 60, by
utilizing the additional measuring device 60, tests of vital
capacity, residual capacity or diffusing capacity can be
performed, the sensing signal may be outputted from the
respirometer 20 to the signal processing module 25 accord-
ing to the result of the tests, and then the signal processing
module 25 outputs the human respiratory system parameter
to the receiving device 30 after calculation. Additionally, the
respirometer 20 can be connected to the respiratory mask 10
or a nasal respiratory assisting kit 40. The additional mea-
suring device 60 includes a three-way valve 62, a steel
cylinder 64, an air bag 63, an air pipeline 65, a respiratory
measurement gas pipeline 66, a measuring pipeline 61, a
number of control valves 281a and 2815, and a gas analyz-
ing module 67, in which the three-way valve 62 has three
outlet ports communicating with each other, each of the
outlet ports respectively is connected to the measuring
pipeline 61, the respiratory measurement gas pipeline 66,
and the air pipeline 65.

[0058] The gas analyzing module 67 is disposed on the
respiratory measurement gas pipeline 66, the gas analyzing
module 67 measures the gas density or composition inside
the respiratory measurement gas pipeline 66 via a probe. The
respiratory measurement gas pipeline 66 is connected with
the air bag 63, thereby communicating the respiratory mea-
surement gas pipeline 66 with the air bag 63, and a gas for
respiratory measurement use released from the steel cylinder
64 can be stored in the air bag 63. The air bag 63 is made
of elastic materials (ex. rubber, silicon or other high polymer
materials or leather), so that the air bag 63 may expand upon
increment of the gas volume contained in order to increase
its storage capacity. A free end of the respiratory measure-
ment gas pipeline 66 opposing to an outlet port of the
three-way valve 62 is connected to the steel cylinder 64, the
steel cylinder 64 contains the gas for respiratory measure-
ment use, which can be used to perform various lung
function tests, in which the control valve 2815 controls the
steel cylinder 64 to be opened or closed, and when the
control valve 2815 is opened, the gas for respiratory mea-
surement use will be released from the steel cylinder 64, the
gas for respiratory measurement use may be 0.3% by weight
of carbon monoxide (CO), or helium, or oxygen or other
special gas. The term “diffusion” represents the gas
exchange process of oxygen and carbon dioxide between
alveolar and capillaries via alveolar capillary membrane.
Diffusion function is indicated by diffusion capacity, which
indicates the gas amount passed per minute when the
difference of the partial pressures on both sides of the
alveolar capillary membrane equals 0.1333 kpa (1 mmHg).
Diffusion disorder is mainly in regard with oxygen. The
testing method is to use carbon monoxide as the measure-
ment gas, for which the advantages include: 1) except those
severe smokers, the amount of carbon monoxide (CO)
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entering capillary and mixing with venous blood almost
equals zero, therefore can be ignored during calculation. 2)
Hemoglobin affinity of carbon monoxide (CO) is 210 times
higher than the oxygen, during inhalation of a small amount
of carbon monoxide (CO) to the plasma through the capil-
lary membrane, the carbon monoxide rapidly accesses red
blood cells and binds with hemoglobin, and that the partial
pressure of carbon monoxide (CO) in the plasma equals
zero, and is ignorable as well during subsequent calcula-
tions.

[0059] While the air pipeline 65 communicates with the
respiratory measurement gas pipeline 66, the gas for respi-
ratory measurement test in the respiratory measurement gas
pipeline 66 can be exhausted through the air pipeline 65, in
which the air pipeline 65 is connected with the control valve
281a, the gas for respiratory measurement test can be
exhausted through the air pipeline 65 while the control valve
281a is opened. The free end of the respiratory measurement
gas pipeline 66 is opposite to the outlet port of the three-way
valve 62.

[0060] The measuring pipeline 61 is connected to the
respirometer 20, so that the user may breath through the
respirometer 20 in order to undergo various lung function
tests (ex. vital capacity test, residual capacity test, or dif-
fusing capacity test), in which the control valve 281 is
connected in between the air pipeline 65 and the respirom-
eter 20, the breathing airflow from the user may be flown
into the additional measuring device 60 while the control
valve 281 is opened.

[0061] The position change of a valve block 621 in the
three-way valve 62 relates to the communication state of the
three-way valve 62, the valve block 621 can be sealed at one
of the outlet ports of the three-way valve 62 in order to
communicate the two other outlet ports. While positioning
the valve block 621 is a first position in the three-way valve
62, the measuring pipeline 61 communicates with the air
pipeline 65, by connecting the respirometer 20 and the
measuring pipeline 61, the user may breath through the
respirometer 20 in order to determine the vital capacity (VC)
or the total lung capacity (TLC) of the user, during calcu-
lation, and while the valve block 621 is positioned at the first
position, the control valve 2814 is in a opened state, and that
the breathing airflow from the user can be entering the
respirometer 20 through the additional measuring device 60,
and to obtain the vital capacity or the total lung capacity
through calculation of the pressure module 242 and the
pressure difference and breathing airflow temperature mod-
ule 241. By controlling the state of the control valve 281a
into a closed state, a confined space is defined by the air
pipeline 65, the measuring pipeline 61, and the hollow
pipeline of the respirometer 20, when the user exhales into
the additional measuring device 60 through the respirometer
20, the air pressure inside the confined space increases, and
that the air pressure inside the confined space can be
measured by the pressure module 242 in order to obtain the
intrapulmonary pressure.

[0062] After positioning the valve block 621 in the first
position in the three-way valve 62, the respiratory measure-
ment gas pipeline 66 is sealed due to the position of the valve
block 621, and the control valve 2815 which controls the
steel cylinder 64 is opened, the respiratory measurement gas
pipeline 66 and the air bag 63 will then be filled with the gas
for respiratory measurement use, which is needed for quan-
titative tests. The gas analyzing module 67 will then be
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calibrated, and the gas analyzing module 67 measures the
gas density and composition inside the respiratory measure-
ment gas pipeline 66, so that the residual volume (RV), the
functional residual capacity (FRC), and the diffusing capac-
ity of the lung for carbon monoxide (DLCO) of the user may
be tested. According to an embodiment of the present
invention, a gas standard is determined as 0.3% by weight of
carbon monoxide, and the concentration value measured by
the gas analyzing module 67 should be same as the gas
standard, i.e., 0.3% by weight of the carbon monoxide
content, and if any deviation exist, a recalibration can be
performed.

[0063] When the valve block 621 is positioned in a second
position in the three-way valve 62, the respiratory measure-
ment gas pipeline 66 communicates with the measuring
pipeline 61, so that the gas analyzing module 67 may
measure the gas density and the composition inside the
respiratory measurement gas pipeline 66, as a result, the
residual volume (RV) of the user may be obtained by
inhaling the gas for respiratory measurement use. The gas
analyzing module 67 may conduct gas concentration and
composition analyses by using physical and chemical prop-
erties, such as using semiconductor type (surface controlled
type, volume controlled type, surface potential type), cata-
lytic combustion type, solid thermal conductivity type or the
like, or by using physical properties conducting gas concen-
tration and composition analyses: such as thermal conduc-
tivity, optical interference, infrared absorption, etc., or by
using electrochemical properties conducting gas concentra-
tion and composition analyses: such as using constant poten-
tial electrolysis, Galvanic cell, membrane type ion-selective
electrode, fixed electrolyte type and so on. As shown in FIG.
11, when the valve block 621 is changed to a third position
in the three-way valve 62, the respiratory measurement gas
pipeline 66 communicates with the air pipeline 65 to open
the control valve 281a so that the air bag 63 exhausts the
contained gas for respiratory measurement use to be reused
next time.

[0064] All of the foregoing sensing signals from the
measuring module 24 and the additional measuring device
60 will be transmitted to the signal processing module 25,
the signal processing module 25 calculates and outputs the
human respiratory system parameter to the receiving device
30, in which the sensing signal includes:

[0065] 1. Intrapulmonary pressure (P): the pressure mod-
ule 242 measures the internal air pressure of the respiratory
measuring pipeline 21 having one of the free end sealed with
the end seal 28, or the internal air pressure of the respiratory
measuring pipeline 21 after assembling with the additional
measuring device 60 and positioning the valve block 621 to
be in the first position in the three-way valve 62 with the
control valve 281a in a closed state, these internal air
pressures equal the intrapulmonary pressure (P) of the user;

[0066] 2. Pressure difference (A P): which is the pressure
difference (A P) generated inside the respiratory measuring
pipeline 21 while the user breathes and measured by the
pressure difference and breathing airflow temperature mod-
ule 241;

[0067] 3. Breathing airflow temperature (T): which is the
breathing airflow temperature (T) inside the respiratory
measuring pipeline 21 while the user breathes and measured
by the pressure difference and breathing airflow temperature
module 241;
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[0068] 4. Gas density: which is the gas density in the
respiratory measurement gas pipeline 66 analyzed by the gas
analyzing module 67.

[0069] The human respiratory system parameter includes
the following data:

[0070] 1. Gas density (p): the gas density (p) is calculated
by the central controlling module 251 from the intrapulmo-
nary pressure (P) and the breathing airflow temperature (T);
[0071] 2. Gas flow rate (V): the gas flow rate (V) is
calculated by the central controlling module 251 from the
pressure difference (AP);

[0072] 3. Gas volume (L): the gas volume (L) equals the
vital capacity or the total lung capacity that corresponds to
the gas flux (Q) in the breathing measurement pipe 21
measured by the breathing measurement device 20;

[0073] 4.Gas flux (Q): the gas flux (Q) is calculated by the
intrapulmonary pressure (P), the breathing airflow tempera-
ture (T), and the gas flow rate (V);

[0074] 5. Potential energy (Vs): which is the potential
energy of the maximum intrapulmonary pressure that can be
measured by the respirometer 20 at the time the user starts
to exhale after fully inhaled. When the user is fully inhaled,
a degree of pressure of the air inside the lung exists and has
the potential energy. The potential energy (Vs) is the product
of the intrapulmonary pressure (P) and the vital capacity, in
which the vital capacity can be obtained from the gas
volume (L), the function of the potential energy being the
product of the intrapulmonary pressure (P) and the vital
capacity is: the potential energy (Vs)=f (intrapulmonary
pressure (P)xthe vital capacity).

[0075] 6. Kinetic energy (Qv): which is converted from
the entire potential energy after all gas have been exhaled,
the kinetic energy can be obtained based on the gas density
(p) and the gas flow rate (V), the relationship can be
expressed as: Qv=pxv2/2.

[0076] 7. Airway resistance (R): which is the indicator
representing an airway resistance, namely the patency in the
respiratory tract while breathing, and is evaluated based on
the energy loss in the respiratory tract. Because of existing
resistance in the airway of the user, only a part of the
potential energy (Vs) is converted into the kinetic energy
(Qv), and the loss part reflects the resistance in the airway,
which is calculated as (Vs-Qv) representing the parameter
of the airway resistance (R).

[0077] An airway resistance indicator can be calculated
from the potential energy (Vs) and the kinetic energy (Qv),
the airway resistance indicator is calculated by dividing the
absolute value of the difference of the potential energy (Vs)
and the kinetic energy (Qv) (IVs-Qvl) by the potential
energy (Vs); airway resistance indicator (IVs-Qvl/Vs) is a
ratio having significant clinical meanings.

[0078] 8. Loss of the kinetic energy (Qz): which is the loss
of the kinetic energy (Qv) converted from the potential
energy (Vs) during exhalation due to the airway resistance
(R), and that the relationship of the loss of the kinetic energy
(Qz), the potential energy (Vs) and the kinetic energy (Qv)
can be expressed as: the potential energy (Vs)=the kinetic
energy (Qv)+the loss of the kinetic energy (Qz). Because
that the potential energy (Vs) and the kinetic energy (Qv) are
known, the loss of the kinetic energy (Qz) can be calculated.
[0079] After the measurement of the gas density inside the
respiratory measurement gas pipeline 66 by the gas analyz-
ing module 67, the sensing signal is outputted to the signal
processing module 25, the central controlling module 251
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controls the states of the control valve 281a, 2815, and the
three-way valve 62 in the additional measuring device 60
according to the sensing signal. For instance, according to
the purpose of the measurement, such as measurements of
the vital capacity or the total lung capacity, the central
controlling module 251 drives the valve block 621 of the
three-way valve 62 to be positioned in the first position.
Meanwhile, for measuring performance of respiratory
dynamics of the lung, the state of the control valve 281a can
be controlled, or, for performing residual capacity, function
residual capacity, diffusing capacity tests, the central con-
trolling module 251 controls the control valve 2815 to be
opened or closed in order to release the gas for respiratory
measurement use from the steel cylinder 64.

[0080] According to an embodiment of the present inven-
tion, the additional measuring device 60 can be controlled by
the receiving device 30, the valve block 612 and the control
valves 281a, 2815, of the additional measuring device 60 are
electrically connected to the signal processing module 25,
the receiving device 30 outputs a control signal to the signal
processing module 25, and the central controlling module
251 controls the states of the control valves 281a, 2815 in
the additional measuring device 60 or the valve block 621 in
the three-way valve 62, for instance, medical personnel may
control the valve block 621 to be positioned in the first,
second, or third position through the receiving device 30
according to different test purposes, or, the states of the
control valves 281a and 2815.

[0081] The gas analyzing module 67 is electrically con-
nected to the signal processing module 25, the gas analyzing
module 67 and the measurement module 24 may issue a
warning signal to the signal processing module 25 according
to the measurement result, the signal processing module 25
then delivers the warning signal to the receiving device 30.
According to an embodiment of the present invention, the
measurement module 24 and the gas analyzing module 67
has a default warning threshold, the warning threshold can
be an upper boundary, a lower boundary, or a predetermined
range of a measured value, for example, in a measuring
module 24 perspective, the warning threshold may be the
lowest gas flux, the lowest gas volume, the highest airway
resistance, etc., and in a gas analyzing module 67 perspec-
tive, the warning threshold can be the whether the gas
density or the composition of the gas for respiratory mea-
surement use is correctly presented. By issuing the warning
signal, the remote controlling medical personnel may know
the situation instantly via the receiving device 30.

[0082] Referring to FIG. 12, the present invention further
includes the nasal respiratory assisting kit 40 adapted to be
assembled with the respirometer 20, and providing an alter-
native option to let the user undergo the tests via nasal
respiration, in which a free end of the nasal respiratory
assisting kit 40 has a splitter, the profile of the splitter
corresponding to the width and depth of human nostril, so as
to connected with human nostril.

[0083] According to an embodiment of the present inven-
tion, when the respirometer 20 is assembled with the nasal
respiratory assisting kit 40, the airway resistance measured
includes the resistance of the pulmonary respiratory tract
and the resistance of the laryngeal and nasopharynx respi-
ratory tract, so that the airway resistance of the laryngeal and
nasopharynx can be calculated by the airway resistance that
includes the nasopharynx and pulmonary respiratory tract,
minus the airway resistance that only includes the pulmo-
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nary respiratory tract. The airway resistance of the laryngeal
and nasopharynx can be used as a reference index for
determining the degree of smoothness of the patient during
sleep, for example, to diagnose a symptom of sleep apnea or
shoring.

[0084] Referring to FIG. 13 and FIG. 14, and according to
an embodiment of the present invention, a cover 80 is further
included, the cover 80 is adapted to be assembled with the
respirometer 20, and can be disposable each time the cover
80 has been used, in order to stay clean during measure-
ments. For instance, the cover 80 is a mouth cover 81
detachably connected with the respirometer 20, the mouth
cover 81 can be in a cylinder-like shape or a flat cylinder
shape, so as to easily engage the mouth. Alternatively, the
cover 80 can be a nasal cover 82 having two splitters at the
two respective free ends, in which the two free ends can be
correspondent to the nasal respiratory assisting kit 40 and
the width and the depth of the human nostril.

[0085] According to the foregoing description, the present
invention has the following advantages:

[0086] 1. The structure is simple thus allowing users to
carry out self-diagnoses to improve the convenience of lung
tests; lung disease patients may be treated earlier by early
detection of relevant problems through convenient testing
methods.

[0087] 2. Simplified structure and convenient operations
reduces the cost of testing.

[0088] 3. The signal module can transmit or store the
measured data in a specified location in real time to facilitate
the tests in subsequent analyses, and the signal of the sensed
results can be transmitted wirelessly, for instance: through a
wireless network, Bluetooth, infrared, etc. to provide medi-
cal personnel convenience on remote monitoring.

[0089] 4. The invention breaks through conventional
methods of measuring resistances, effectively simplifies the
measurement equipments, and can also be applied to
patients with either mild or severe diseases.

[0090] 5. The medical staff can remotely control the
testing process through the receiving device.

[0091] 6. By using absolute pressure as a basis on calcu-
lating human respiratory system parameters, errors caused
by different altitudes of the test sites are greatly reduced.

[0092] The description of the invention including its appli-
cations and advantages as set forth herein is illustrative and
is not intended to limit the scope of the invention, which is
set forth in the claims. Variations and modifications of the
embodiments disclosed herein are possible, and practical
alternatives to and equivalents of the various elements of the
embodiments would be understood to those of ordinary skill
in the art upon study of this patent document. For example,
specific values given herein are illustrative unless identified
as being otherwise, and may be varied as a matter of design
consideration. These and other variations and modifications
of the embodiments disclosed herein, including of the alter-
natives and equivalents of the various elements of the
embodiments, may be made without departing from the
scope and spirit of the invention, including the invention as
set forth in the following claims.

1. A human respiratory system function measuring appa-

ratus comprising:
a respirometer receiving and sensing a breathing airflow
to produce a sensing signal, and producing a human
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respiratory system parameter by calculating the sensing
signal at least comprising an absolute pressure of the
breathing airflow, wherein:

the respirometer comprises a respiration measuring pipe-
line;

the absolute pressure is generated and measured from the
breathing airflow of a user in the respiration measuring
pipeline with an end of the respiration measuring
pipeline sealed; and

the absolute pressure corresponds to an intrapulmonary
pressure of the user.

2. The human respiratory system function measuring
apparatus as claimed in claim 1, wherein the sensing signal
further comprises a gas flux and a breathing airflow tem-
perature of the breathing airflow in the respiration measuring
pipeline, the human respiratory system function measuring
apparatus calculates the human respiratory system param-
eter based on the gas flux of the breathing airflow, the
breathing airflow temperature and the absolute pressure,
wherein:

a gas density is calculated based on the intrapulmonary

pressure and the breathing airflow temperature;

a gas flow rate is calculated based on a pressure differ-
ence;

a gas volume is calculated based on the gas flux;

the gas flux is calculated based on the intrapulmonary
pressure, the breathing airflow temperature, and the gas
flow rate;

a vital capacity is calculated based on the gas volume, and
a potential energy of the maximum intrapulmonary
pressure measured at the time the user starts to exhale
after fully inhaled is calculated based on the intrapul-
monary pressure and the vital capacity, the potential
energy is the product of the intrapulmonary pressure
and the vital capacity;

a kinetic energy of the exhaled gas converted from the
entire potential energy after all gas have been exhaled
is calculated based on the gas density and the gas flow
rate, the kinetic energy is calculated as: Qv=pxv*/2,
wherein Qv represents the kinetic energy, p represents
the gas density, v represents the gas flow rate;

an airway resistance indicator representing an airway
resistance is calculated based on the potential energy
and the kinetic energy, the airway resistance indicator
indicates the patency in the respiratory tract while
breathing, the airway resistance indicator is calculated
by dividing the absolute value of the difference of the
potential energy and the kinetic energy by the potential
energy: 1Vs—Qvl/Vs, wherein Vs represents the poten-
tial energy and Qv represents the kinetic energy; and

the loss of the kinetic energy is calculated based on the
potential energy and the kinetic energy, wherein the
equation of the loss is Qz=Vs-Qv, and Qz represents
the loss of the kinetic energy.

3. The human respiratory system function measuring
apparatus as claimed in claim 1, wherein the respirometer
calculates the gas flux from the intrapulmonary pressure, the
breathing airflow temperature, and a gas flow rate, charac-
terized in that the respirometer measures a pressure differ-
ence generated by the breathing airflow, and calculates the
gas flow rate from the pressure difference.

4. The human respiratory system function measuring
apparatus as claimed in claim 1, wherein the respirometer



US 2017/0258364 A1l

comprises a measurement module and a signal processing
module connected to the measurement module, whetein:
the measurement module measures the breathing airflow
of a user in the respiration measuring pipeline, and
outputs the sensing signal to the signal processing
module according to the measured result;
the signal processing module calculates the human respi-
ratory system parameter based on the sensing signal;
and

the signal processing module outputs the human respira-

tory system parameter to a receiving device connected
to a database, the database comprises a clinical data, the
receiving device runs statistics or analysis on the
human respiratory system parameter by utilizing the
clinical data.

5. The human respiratory system function measuring
apparatus as claimed in claim 4, further comprising an
additional measuring device comprising a three-way valve,
an air pipeline, a respiratory measurement gas pipeline, a
measuring pipeline and a control valve, the three-way valve
comprising three outlet ports communicating with each
other, each of the outlet ports respectively connected to the
air pipeline, the respiratory measurement gas pipeline, and
the measuring pipeline, wherein:

the three-way valve comprises a valve block controlling

the communication manner among the air pipeline, the
respiratory measurement gas pipeline, and the measur-
ing pipeline, and

the air pipeline and the respiratory measurement gas

pipeline are connected with the control valve, whether
the air pipeline and the respiratory measurement gas
pipeline communicate with the outer environment
depends on the open or closed state of the control valve.

6. The human respiratory system function measuring
apparatus as claimed in claim 5, wherein the receiving
device outputs a control signal to the signal processing
module, and the signal processing module controls the
position of the valve block or the opened or closed state of
the control valve.

7. The human respiratory system function measuring
apparatus as claimed in claim 6, wherein the receiving
device utilizes normal human respiratory system parameter
from the clinical data as a default threshold, and outputs a
warning signal while the human respiratory system param-
eter exceeds the threshold.

8. The human respiratory system function measuring
apparatus as claimed in claim 7, wherein the respiratory
measurement gas pipeline is connected with a steel cylinder,
and the respiratory measurement gas pipeline comprises a
gas analyzing module, wherein:

by connecting the control valve and the steel cylinder, the

control valve controls a respiratory measurement gas
inside the steel cylinder to be outputted to the respira-
tory measurement gas pipeline; and

the gas analyzing module analyzes the gas density and the

composition of the respiratory measurement gas in the
respiratory measurement gas pipeline.

9. The human respiratory system function measuring
apparatus as claimed in claim 8, wherein the respiratory
measurement gas pipeline is connected with an air bag,
while the control valve is in the opened state, the steel
cylinder, the respiratory measurement gas pipeline, and the
air bag communicates with each other.
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10. The human respiratory system function measuring
apparatus as claimed in claim 9, further comprising a
respiratory mask connected to the respirometer, the respira-
tory mask comprising a mask and a connecting port, the
profile of the mask corresponding to the shape of the mouth
and the nose on a human face, the connecting port penetrat-
ing through the mask, and the respirometer connected to the
respiratory mask through the connecting port.

11. The human respiratory system function measuring
apparatus as claimed in claim 10, wherein the respiratory
mask comprises a filter membrane and a membrane tight-
ening ring, the appearance of the filter membrane corre-
sponds to a cross-section of the concave surface of the mask;
the membrane tightening ring is detachably assembled with
the mask, the filter membrane is fixed between the mem-
brane tightening ring and the mask.

12. The human respiratory system function measuring
apparatus as claimed in claim 11, wherein the respirometer
comprises a flow-controlling device, a pressure difference
and breathing airflow temperature module measures the
pressure difference and the breathing airflow temperature in
the respiration measuring pipeline through the flow-control-
ling device, wherein:

the flow-controlling device is disposed in the respiration

measuring pipeline and comprises a constricted section,
the inner diameter of the constricted section is smaller
than the inner diameter of a free end of the flow-
controlling device, so that the pressure difference is
formed while gas passes therethrough, the pressure
difference and breathing airflow temperature module
measures the pressure difference formed in the respi-
ratory measuring pipeline caused by the flow-control-
ling device.

13. The human respiratory system function measuring
apparatus as claimed in claim 1, further comprising a nasal
respiratory assisting kit assembled with the respirometer, a
free end of the nasal respiratory assisting kit having a
splitter, the profile of the splitter corresponding to the width
and depth of human nostril.

14. The human respiratory system function measuring
apparatus as claimed in claim 13, further comprising a cover,
wherein:

the cover is a mouth cover connected with the respirom-

eter; or

the cover is a nasal cover connected with the nasal

respiratory assisting kit, the nasal cover corresponds to
the nasal respiratory assisting kit and the width and the
depth of human nostril.

15. A human respiratory system function measuring
method, comprising the steps of:

retrieving a sensing signal being the variation of physical

quantities measured in a human respiratory system
function measuring apparatus during human respira-
tion;

obtaining a human respiratory system parameter by cal-

culating the sensing signal; and

transmitting the human respiratory system parameter to a

receiving device displaying a pulmonary function
index; wherein:

the variation of physical quantities represented by the

sensing signal comprises: a intrapulmonary pressure, a
pressure difference, and a breathing airflow tempera-
ture, wherein the intrapulmonary pressure is an abso-
lute pressure measured by exhaling into a respiration
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measuring pipeline having one end sealed from a user;
the pressure difference is a difference of pressure gen-
erated and measured in the respiration measurement
pipeline during respiration of the user; and the breath-
ing airflow temperature is the temperature measured in
the respiratory measuring pipeline during respiration of
the user into the respiratory measuring pipeline;

the human respiratory system parameter comprises:

a gas density: which is calculated based on the intrapul-
monary pressure and the breathing airflow temperature;

a gas flow rate: which is calculated from the pressure
difference;

a gas volume: which is calculated from a gas flux.

16. The human respiratory system function measuring

method as claimed in claim 15, further comprising:
calculating the gas flux from the pressure difference
measured in the respiratory measuring pipeline gener-
ated by respiration of the user.

17. The human respiratory system function measuring
method as claimed in claim 15, wherein the human respi-
ratory system parameter comprises:

a potential energy: which is the potential energy of the
maximum intrapulmonary pressure measured at the
time the user starts to exhale after fully inhaled, the
potential energy is calculated from the intrapulmonary
pressure and the vital capacity, which is the product of
the intrapulmonary pressure and the vital capacity;

a kinetic energy: which is converted from the entire
potential energy after all gas have been exhaled, the
kinetic energy is calculated as: Qv=pxv>/2, wherein Qv
represents the kinetic energy, p represents the gas
density, v represents the gas flow rate;
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an airway resistance indicator: representing an airway
resistance and calculated based on the potential energy
and the kinetic energy, the airway resistance indicator
indicates the patency in the respiratory tract while
breathing, the airway resistance indicator is calculated
by dividing the absolute value of the difference of the
potential energy and the kinetic energy by the potential
energy: 1Vs—Qvl/Vs, wherein Vs represents the poten-
tial energy and Qv represents the kinetic energy; and

a loss of the kinetic energy: which is calculated based on
the potential energy and the kinetic energy, wherein the
equation of the loss is Qz=Vs-Qv, and Qz represents
the loss of the kinetic energy.

18. The human respiratory system function measuring
method as claimed in claim 17, wherein the airway resis-
tance of the laryngeal and nasopharynx is calculated by the
airway resistance that includes the nasopharynx and pulmo-
nary respiratory tract, minus the airway resistance that only
includes the pulmonary respiratory tract.

19. The human respiratory system function measuring
method as claimed in claim 18, wherein the receiving device
obtains and utilizes clinical data from a database as a default
threshold of the human respiratory system parameter after
connecting thereto, and outputs a warning signal while the
human respiratory system parameter exceeds the threshold;
and

the variation of physical quantities represented by the
sensing signal comprises the variation of the gas den-
sity sensed.
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