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(57) ABSTRACT

A body fat combustion amount measurement device
includes: a sample gas passage through which an exhaled
gas flows; a sample gas chamber having an inlet through
which a part of the exhaled gas flowing through the sample
gas passage is introduced and an outlet through which the
exhaled gas is discharged, the sample gas chamber config-
ured to define an internal space through which the exhaled
gas flows; a photoionization detector disposed in the internal
space of the sample gas chamber and configured to generate
an electrical signal corresponding to an amount of acetone
contained in the exhaled gas existing inside the sample gas
chamber; and a heater configured to increase a temperature
of the internal space of the sample gas chamber to prevent
moisture contained in the exhaled gas from being condensed
in the sample gas chamber.
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MEASURING DEVICE FOR AMOUNT OF
BODY FAT BURNED

TECHNICAL FIELD

[0001] The present invention relates to a body fat com-
bustion amount measurement device, and more particularly,
to a body fat combustion amount measurement device
capable of measuring a body fat combustion amount by
detecting acetone contained in an exhaled gas of a user.

BACKGROUND ART

[0002] The source of energy used by a human body is
mainly blood sugar referred to as glucose, protein or body
fat. It is known that the human body primarily uses blood
sugar as an energy source, then protein and finally fat.
Therefore, blood sugar is usually used as a main energy
source. However, body fat is used as an energy source in
special situations such as diabetes, starvation due to fasting,
energy consumption due to intense exetcise, dietary pro-
gression through carbohydrate intake restriction, and the
like.

[0003] When the human body uses body fat as an energy
source, ketone bodies are produced as a product of lipolysis.
The ketone bodies are a generic term for three substances,
including acetoacetic acid, P-hydroxybutyric acid and
acetone produced by decarbonation of these substances. The
ketone bodies are produced in the liver of the human body
and circulated together with the blood. It is known that a part
of the ketone bodies is used as an energy source in the brain
and the rest thereof is discharged as an exhaled gas through
the lungs and excreted as urine.

[0004] If it is possible to detect a trace amount of ketone
bodies existing in the blood, it is possible to see how much
body fat is combusting. Therefore, the detection of the
ketone bodies in the blood can be very useful for diet
programs aimed at reducing body fat.

[0005] A urine test and a blood test are the most common
methods to determine a concentration of ketone bodies in the
human body.

[0006] The urine test is a method of determining a con-
centration of ketone bodies in the human body based on a
change in the color of a test paper according to the concen-
tration of ketone bodies contained in the urine. The urine test
has an advantage in that it is a relatively simple measure-
ment method. However, the urine test is not suitable as a
means for knowing the current concentration because it is a
means for telling the concentration of ketone bodies in the
human body about 4 hours ago. In addition, the urine test is
not suitable as a quantitative analysis method because the
test results vary greatly depending on the water intake
amount or the like.

[0007] The blood test can measure quantitatively the
amount of ketone bodies present in the blood in a relatively
accurate manner. However, it is cumbersome to collect the
blood.

[0008] In addition to the ketone body concentration mea-
surement method described above, a technique for measur-
ing an amount of ketone bodies in the blood by analyzing an
exhaled gas has been studied in recent years. Acetone
contained in the exhaled gas is closely related to the amount
of ketone bodies contained in the blood. Therefore, the
amount of ketone bodies in the blood can be calculated by
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measuring the amount of acetone contained in the exhaled
gas. The exhaled gas mainly contains acetone among the
ketone bodies.

[0009] For example, U.S. Pat. No. 4,970,172 discloses a
method for measuring an amount of acetone by causing
acetone contained in an exhaled gas to react with a matrix
material containing nitroprusside salts and amines. In addi-
tion, U.S. Pat. No. 8,871,521 discloses an apparatus includ-
ing a container provided with a powder whose color is
changed when reacted with a ketone body (mainly acetone)
contained in an exhaled gas. However, these methods have
a problem in that it is not possible to measure the amount of
ketone bodies contained in the exhaled gas in real time.
[0010] As a method for improving this problem, U.S.
Patent Application Publication No. 2003-0208133 discloses
a method for measuring a metabolic rate and an amount of
ketone bodies contained in an exhaled gas to estimate a body
fat decomposition amount using the metabolic rate and the
ketone body amount thus measured. However, the device for
such a method is complicated in structure and difficult to
carry.

[0011] In addition, Korean Patent Application Publication
No. 10-2001-0044314 discloses a method for measuring an
amount of ketone bodies contained in an exhaled gas col-
lected by an exhaled gas collection unit using a semicon-
ductor type ketone gas sensor. In addition, U.S. Pat. No.
9,456,749 discloses a portable electronic device for measur-
ing a ketone body concentration using a metal oxide sensor.
However, the method using the semiconductor type gas
sensor has a problem that due to the poor selectivity and
stability thereof, it is difficult to distinguish acetone from
other components contained in an exhaled gas.

PRIOR ART DOCUMENTS

Patent Documents

[0012] Patent Document 1: U.S. Pat. No. 4,970,172
[0013] Patent Document 2: U.S. Pat. No. 8,871,521
[0014] Patent Document 3: U.S. Patent Application Pub-

lication No. 2003-0208133

[0015] Patent Document 4: Korean Patent Application
Publication No. 10-2001-0044314

[0016] Patent Document 5: U.S. Pat. No. 9,456,749

[0017] Patent Document 6: U.S. Pat. No. 7,790,467

[0018] Patent Document 7: U.S. Pat. No. 9,089,279
SUMMARY

[0019] With the aforementioned problems in view, it is an

object of the present invention to provide a body fat com-
bustion amount measurement device capable of measuring
an amount of acetone contained in an exhaled gas using a
photoionization detector and consequently measuring a
body fat combustion amount relatively quickly and accu-
rately in real time.

[0020] According to one aspect of the present invention,
there is provided a body fat combustion amount measure-
ment device, including: a sample gas passage through which
an exhaled gas flows; a sample gas chamber having an inlet
through which a part of the exhaled gas flowing through the
sample gas passage is introduced and an outlet through
which the exhaled gas is discharged, the sample gas chamber
configured to define an internal space through which the
exhaled gas flows; a photoionization detector disposed in the
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internal space of the sample gas chamber and configured to
generate an electrical signal corresponding to an amount of
acetone contained in the exhaled gas existing inside the
sample gas chamber; and a heater configured to increase a
temperature of the internal space of the sample gas chamber
to prevent moisture contained in the exhaled gas from being
condensed in the sample gas chamber.

[0021] The sample gas passage includes an inlet, an outlet,
a sample gas collection port formed between the inset and
the outlet of the sample gas passage to communicate with the
sample gas chamber, and a protrusion formed between the
inlet of the sample gas passage and the sample gas collection
port so as to extend radially inward from an inner surface of
the sample gas passage to reduce an inner diameter of a
section of the sample gas passage. A pressure sensor is
installed between the inlet and the protrusion of the sample
gas passage.

[0022] The device may further include: a pump installed
between the sample gas passage and the sample gas chamber
and configured to, when operated, introduce the exhaled gas
flowing through the sample gas passage into the sample gas
chamber and, when stopped, close the inlet of the sample gas
chamber.

[0023] The device may further include: a valve connected
to the outlet of the sample gas chamber.

[0024] The valve may be a one-way valve.

[0025] The device may further include: a signal processing
unit configured to control the pump and the valve. The signal
processing unit may control the pump and the valve so that
the valve is opened during an operation of the pump and
closed during stoppage of the pump.

[0026] The signal processing unit may control the pho-
toionization detector so as to operate in a state in which the
pump is stopped, the valve is closed, and the exhaled gas to
be measured is filled in the sample gas chamber.

[0027] The device may further include: a sensor capable of
detecting an increase or decrease of a flow rate of the
exhaled gas flowing through the sample gas passage.
[0028] The sample gas passage may be formed in a
cylindrical shape so as to have a constant inner diameter.
[0029] The device may further include: a sensor capable of
detecting an increase or decrease of a flow rate of the
exhaled gas flowing through the sample gas passage; and a
signal processing unit configured to, based on a signal
regarding the increase or decrease of the flow rate of the
exhaled gas received from the sensor, transmit a control
signal to the pump so that the pump is operated at a timing
at which a final exhaled gas flows through the sample gas
passage.

[0030] The outlet of the sample gas passage has an inner
diameter larger than an inner diameter of a section of the
sample gas passage reduced by a protrusion.

[0031] The body fat combustion amount measurement
device according to the present invention can measure a
body fat combustion amount in real time. The measurement
time is as short as a few seconds. Therefore, the body fat
combustion amount measurement device can inform a user,
who performs a diet and exercise for the purpose of weight
loss, of body fat combustion in real time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a configuration diagram of a body fat
combustion amount measurement device according to an
embodiment of the present invention.
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[0033] FIG. 2 is a partial configuration diagram of a body
fat combustion amount measurement device according to
another embodiment of the present invention.

DETAILED DESCRIPTION

[0034] Hereinafter, a preferred embodiment of the present
invention will be described in detail with reference to the
accompanying drawings. The following embodiment is pro-
vided as an example to ensure that the spirit of the present
invention is sufficiently conveyed to those skilled in the art.
Therefore, the present invention is not limited to the embodi-
ment described below and may be embodied in other forms.
In the drawings, the width, length, thickness and the like of
components may be exaggerated for the sake of conve-
nience. The same components are denoted by like reference
numerals throughout the specification.

[0035] FIG. 1 is a configuration diagram of a body fat
combustion amount measurement device according to an
embodiment of the present invention. Referring to FIG. 1,
the body fat combustion amount measurement device 1
includes a sample gas passage 10 through which an exhaled
gas flows, a sample gas chamber 20 into which a part of the
exhaled gas flowing through the sample gas passage 10 is
introduced, a photoionization detector 30 disposed in an
internal space of the sample gas chamber 20, a heater 40
configured to raise a temperature of the internal space of the
sample gas chamber 20, and a pump 50 configured to supply
the exhaled gas flowing through the sample gas passage 10
to the sample gas chamber 20.

[0036] The sample gas passage 10 is a passage through
which the exhaled gas blown by a user (a subject) passes.
The exhaled gas may be blown into the sample gas passage
10 through a blowing tube (not shown) which is attachable
to or detachable from the sample gas passage 10, or may be
directly blown into the sample gas passage 10.

[0037] The sample gas passage 10 preferably has a cylin-
drical shape having a constant internal diameter over the
entire portion including an inlet 11 and an outlet 12 thereof.
This is because if the diameter of the outlet side portion of
the sample gas passage 10 is smaller than the diameter of the
inlet side portion as in a conventional gas concentration
measurement device, the pressure inside the sample gas
passage 10 increases such that the moisture in the exhaled
gas is highly likely to undergo dew condensation in the
sample gas passage 10. This is because if the pressure inside
the sample gas passage 10 is high, the water vapor in the
exhaled gas is easily saturated and thus the dew point
temperature is further increased. When the moisture of the
exhaled gas enters the sample gas chamber 20, the pho-
toionization detector 30 is contaminated, which makes it
difficult to accurately measure the amount of acetone con-
tained in the exhaled gas. On the contrary, when the diameter
of the outlet 12 is larger than the diameter of the inlet 11, the
ambient air may be introduced through the outlet 12 of the
sample gas passage 10.

[0038] In addition, if the sample gas passage 10 has a
structure that obstructs the flow of the exhaled gas, the
pressure applied to the sample gas passage 10 may be largely
changed by the difference in the intensity at which the
exhaled gas is blown into the sample gas passage 10 by the
subject. When the pressure applied to the sample gas pas-
sage 10 is changed, the pressure of the exhaled gas flowing
into the photoionization detector 30 may also be changed. In
general, the photoionization detector 30 reacts sensitively to
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the pressure of the gas to be measured. Therefore, the change
in the pressure applied to the sample gas passage 10 may
prevent accurate measurement. Accordingly, it is preferable
for the sample gas passage 10 to have a structure not applied
with a high pressure in order to minimize the difference in
the pressure applied to the sample gas passage 10, which
varies depending on the intensity at which the exhaled gas
is blown into the sample gas passage 10 by the subject.
[0039] A sample gas collection port 13 for collecting a part
of the exhaled gas is formed between the outlet 12 and the
inlet 11 of the sample gas passage 10. A part of the exhaled
gas flowing through the sample gas passage 10 is supplied
to the sample gas chamber 20 through the sample gas
collection port 13.

[0040] The sample gas chamber 20 includes an inlet 21
through which the exhaled gas passing through the sample
gas collection port 13 of the sample gas passage 10 is
introduced and an outlet 22 through which the introduced
exhaled gas is discharged. The sample gas chamber 20
defines an internal space 23 in which the introduced exhaled
gas flows. The sample gas chamber 20 may be made of a
metallic material having high thermal conductivity, such as
copper or copper alloy. The sample gas chamber 20 serves
to isolate the photoionization detector 30, the pump 50 and
the valve 55 from the external environment so that they are
placed in an appropriate measurement environment.

[0041] The photoionization detector 30 is disposed in the
internal space 23 of the sample gas chamber 20. The
photoionization detector 30 has an advantage in that it
enjoys high accuracy and sensitivity and has a small size.
[0042] The photoionization detector 30 utilizes the fact
that when a gas is irradiated with light such as ultraviolet
light or the like having higher energy than the ionization
energy of a gas to be detected, the gas is ionized and the
degree of ionization of the gas is outputted in the form ofion
current. The concentration of the gas to be measured is
determined by the magnitude of the ion current. In the
present invention, the content of an acetone component is
measured by irradiating the exhaled gas with ultraviolet rays
to ionize the acetone component to be measured and mea-
suring an ion current using an electrode. However, if mois-
ture enters the inside of the sample gas chamber 20 or if
water vapor contained in the exhaled gas is condensed inside
the sample gas chamber 20, the ion current value of the
photoionization detector 30 decreases sharply, which makes
it difficult to perform measurement. This is because the
moisture covers a portion of a window of an ultraviolet lamp
to absorb ultraviolet light, or covers a portion of an electrode
so that ions cannot reach the surface of the electrode.
[0043] The heater 40 keeps the temperature of the sample
gas chamber 20 higher than the dew point temperature of the
exhaled gas to prevent condensation of moisture in the
sample gas chamber 20. The heater 40 may be, for example,
a film heater surrounding the sample gas chamber 20. The
heater 40 may maintain the temperature of the sample gas
chamber 20 at a temperature higher than the human body
temperature, for example, about 40 degrees C. A temperature
sensor 25 capable of measuring the temperature inside the
sample gas chamber 20 may be provided in the sample gas
chamber 20.

[0044] The pump 50 is installed between the sample gas
passage 10 and the sample gas chamber 20. That is, the
pump 50 is installed in a connecting pipe 15 that connects
the sample gas collection port 13 of the sample gas passage
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10 and the inlet 21 of the sample gas chamber 20. When the
pump 50 is operated, a quantity of exhaled gas is introduced
into the sample gas chamber 20 through the inlet 21 of the
sample gas chamber 20. Since the pump 50 is installed
between the sample gas passage 10 and the sample gas
chamber 20, a part of the exhaled gas is supplied to the
sample gas chamber 20 in such a way that the exhaled gas
is blown into the inside of the sample gas chamber 20 during
the operation of the pump 50. Therefore, a positive pressure
is applied to the sample gas chamber 20. If the positive
pressure is applied to the sample gas chamber 20, the
measurement sensitivity of the photoionization detector 30
is improved. When the operation of the pump 50 is stopped,
the pump 50 serves to seal the inlet 21 of the sample gas
chamber 20.

[0045] A sensor 18 capable of detecting the increase or
decrease of the flow rate of the exhaled gas may be installed
in the sample gas passage 10. Examples of such a sensor 18
include a flow sensor, a pressure sensor, a microphone, and
the like. The sensor 18 is used to determine the timing of
collection of the exhaled gas. The exhaled gas contains not
only acetone but also other components such as H,S or
organic sulfur compounds that can be detected by the
photoionization detector 30. By the way, acetone in the
exhaled gas is generated due to the gas exchange between
the air of the alveoli and the capillaries that occur in the
lungs. Therefore, acetone is mainly contained in the final
exhaled gas, which is the last part of the exhaled gas.
Accordingly, collecting the final exhaled gas is advanta-
geous for accurate measurement of a body fat combustion
amount. If the sensor 18 capable of detecting the increase or
decrease of the flow rate of the exhaled gas is used, it is
possible to detect the timing at which the flow rate
decreases. This makes it possible to know the timing at
which the final exhaled gas is introduced.

[0046] FIG. 2 is a partial configuration diagram of a body
fat combustion amount measurement device according to
another embodiment of the present invention. FIG. 2 illus-
trates a case where a pressure sensor 118 is installed in a
sample gas passage 110. A protrusion 119 extending radially
inward from the inner surface of the sample gas passage 110
to reduce the inner diameter of a certain section of the
sample gas passage 110 is formed at the rear end of the
pressure sensor 118 installed on the side of the inlet 111. The
protrusion 119 serves to enable the pressure sensor 118 to
easily capture a change in the pressure inside the sample gas
passage 110. As described above, in order to minimize the
influence of moisture condensation due to the increase in the
pressure inside the sample gas passage 110 and the change
in the pressure of the exhaled gas introduced into the sample
gas chamber, the pressure sensor 118 and the protrusion 119
are disposed on the side of the inlet 111 far from the sample
gas collection port 113. The inner diameter of the outlet 112
is preferably equal to or greater than the inner diameter of
the section in which the protrusion 119 is formed.

[0047] Referring back to FIG. 1, the body fat combustion
amount measurement device 1 may further include a valve
55. The valve 55 is provided on the side of the outlet 22 of
the sample gas chamber 20. The valve 55 is installed in order
to prevent the ambient air other than the exhaled gas from
entering the sample gas chamber 20. The valve 55 may be
a one-way valve capable of discharging only the sample gas
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existing in the sample gas chamber 20. Alternatively, the
valve 55 may be a solenoid valve synchronized with the
pump 50.

[0048] Furthermore, the body fat combustion amount
measurement device 1 includes a signal processing unit 60
and a display unit 65. The signal processing unit 60 may
process the electrical signal received from the photoioniza-
tion detector 30 to calculate the body fat combustion amount
of the subject. In addition, the signal processing unit 60
controls the heater 40 based on the temperature value
received from the temperature sensor 25. Moreover, the
signal processing unit 60 may control the operation timings
of the pump 50 and the solenoid valve using the signal of the
sensor 18 capable of detecting the increase or decrease of the
flow rate of the sample gas, so that the final exhaled gas can
be introduced into the sample gas chamber 20. In addition,
the operation timing of the photoionization detector 30 may
be controlled using the signal of the sensor 18.

[0049] The display unit 65 displays the body fat combus-
tion amount calculated by the signal processing unit 60.
When the sample gas is not sufficiently supplied, the display
unit 65 may notify the subject through lighting or an alarm
that the sample gas is not sufficiently supplied.

[0050] Hereinafter, the operation of the body fat combus-
tion amount measurement device 1 according to an embodi-
ment of the present invention will be described.

[0051] The body fat combustion amount is measured by a
method of comparing the amount of acetone contained in the
exhaled gas before exercise with the amount of acetone
contained in the exhaled gas after exercise. There is an
individual difference in the amount of acetone contained in
the exhaled gas. For example, a diabetic has a significant
amount of acetone contained in an exhaled gas even before
exercise. Therefore, the body fat combustion amount is
measured based on the difference between the amount of
acetone before exercise and the amount of acetone after
exercise instead of the absolute amount of acetone after
exercise.

[0052] When a start button (not shown) on the surface of
the body fat combustion amount measurement device 1 is
pressed, a current is applied to the heater 40, whereby the
sample gas chamber 20 is heated. When the temperature
value measured by the temperature sensor 25 is equal to or
greater than a predetermined reference value, it is displayed
on the display unit 65 that the measurement preparation is
completed.

[0053] When the subject injects the exhaled gas into the
body fat combustion amount measurement device 1 through
a blowing tube before starting exercise, the exhaled gas is
introduced into the sample gas passage 10. When it is
confirmed by the pressure sensor or the like that the flow rate
of the exhaled gas increases and then decreases, the solenoid
valve is opened at the flow rate decreasing timing, and the
pump 50 is operated momentarily so that the final exhaled
gas is introduced into the sample gas chamber 20 through the
inlet 21 and the gas filled in the sample gas chamber 20 is
discharged. When the final exhaled gas is introduced into the
sample gas chamber 20, the valve 55 is closed and the pump
50 is stopped to close both the inlet 21 and the outlet 22 of
the sample gas chamber 20. The photoionization detector 30
generates an electrical signal according to the amount of
acetone contained in the introduced final exhaled gas. This
electrical signal is transmitted to the signal processing unit
60 and stored as a reference value. In order to increase the
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lifespan of the photoionization detector 30, it is preferable to
operate the photoionization detector 30 only when measut-
ing the amount of acetone. That is, it is preferable to operate
the photoionization detector 30 after the exhaled gas to be
measured is introduced into the sample gas chamber 20 and
then the inlet 21 and the outlet 22 are closed.

[0054] When the measurement is completed, the valve 55
remains closed until the next measurement. In the case of
using a one-way valve, there is an advantage in that the valve
55 does not have to be controlled separately.

[0055] Next, the amount of acetone contained in the final
exhaled gas is measured in the same manner during or after
the exercise of the subject. The signal processing unit 60 first
calculates a body fat combustion amount of a subject based
on the difference between the reference value measured
before exercise and the amount of acetone and then trans-
mits the body fat combustion amount to the display unit 65.
The display unit 65 displays the body fat combustion
amount thus transmitted.

[0056] The embodiments described above are presented to
merely describe preferred embodiments of the present
invention. The scope of the present invention is not limited
to the above-described embodiments. Those skilled in the art
may make various changes, modifications or substitutions
within the spirit of the present invention and the claims. It
is to be understood that such changes, modifications or
substitutions fall within the scope of the present invention.

What is claimed is:

1. A body fat combustion amount measurement device,

comprising:

a sample gas passage through which an exhaled gas flows;

a sample gas chamber having an inlet through which a
part of the exhaled gas flowing through the sample gas
passage is introduced and an outlet through which the
exhaled gas is discharged, the sample gas chamber
configured to define an internal space through which
the exhaled gas flows;

a photoionization detector disposed in the internal space
of the sample gas chamber and configured to generate
an electrical signal corresponding to an amount of
acetone contained in the exhaled gas existing inside the
sample gas chamber; and

a heater configured to increase a temperature of the
internal space of the sample gas chamber to prevent
moisture contained in the exhaled gas from being
condensed in the sample gas chamber,

wherein the sample gas passage includes an inlet, an
outlet, a sample gas collection port formed between the
inset and the outlet of the sample gas passage to
communicate with the sample gas chamber, and a
protrusion formed between the inlet of the sample gas
passage and the sample gas collection port so as to
extend radially inward from an inner surface of the
sample gas passage to reduce an inner diameter of a
section of the sample gas passage, and

a pressure sensor is installed between the inlet and the
protrusion of the sample gas passage.

2. The device according to claim 1, further comprising;

a pump installed between the sample gas passage and the
sample gas chamber and configured to, when operated,
introduce the exhaled gas flowing through the sample
gas passage into the sample gas chamber and, when
stopped, close the inlet of the sample gas chamber.
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3. The device according to claim 2, further comprising;

avalve connected to the outlet of the sample gas chamber.

4. The device according to claim 3, wherein the valve is
a one-way valve.

5. The device according to claim 3, further comprising;

a signal processing unit configured to control the pump

and the valve,

wherein the signal processing unit controls the pump and

the valve so that the valve is opened during an opera-
tion of the pump and closed during stoppage of the
pump.

6. The device according to claim 5, wherein the signal
processing unit controls the photoionization detector so as to
operate in a state in which the pump is stopped, the valve is
closed, and the exhaled gas to be measured is filled in the
sample gas chamber.

7. The device according to claim 2, further comprising;

a sensor capable of detecting an increase or decrease of a

flow rate of the exhaled gas flowing through the sample
gas passage.
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8. The device according to claim 2, wherein the sample
gas passage is formed in a cylindrical shape so as to have a
constant inner diameter.

9. The device according to claim 2, further comprising;

a sensor capable of detecting an increase or decrease of a
flow rate of the exhaled gas flowing through the sample
gas passage; and

a signal processing unit configured to, based on a signal
regarding the increase or decrease of the flow rate of the
exhaled gas received from the sensor, transmit a control
signal to the pump so that the pump is operated at a
timing at which a final exhaled gas flows through the
sample gas passage.

10. The device according to claim 1, wherein the outlet of
the sample gas passage has an inner diameter larger than an
inner diameter of a section of the sample gas passage
reduced by a protrusion.
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