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APPARATUS, METHOD AND COMPUTER
PROGRAM PRODUCT FOR DETERMINING
RESPIRATORY CONDITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2005-198082, filed on Jul. 6, 2005; the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an apparatus, a
method and a computer program product for determining a
respiratory condition that determines a subject’s respiratory
condition.

[0004] 2. Description of the Related Art

[0005] In recent years, drivers’ falling asleep while driv-
ing a moving vehicle, such as a rail, a car or the like, has
resulted in road accidents. A sleep apnea syndrome has
recently received attention as one of the causes of the road
accidents. Further, people may experience hypoxic condi-
tion, but not apnea, which may result from improper pillow
height.

[0006] In addition, a chair-type child seat or a stroller
causes hypoxia to children. Further, there is an increasing
incidence of chronic obstructive pulmonary disease
(COPD), in which an asthma attack is likely to occur during
sleep, which affects, for example, 16 million people in
America. Therefore, measurement of a respiratory condition
during sleep has received attention.

[0007] In order to measure a respiratory condition during
sleep, the degree of restrictions needs to be low. Therefore,
a method for measuring heart and respiratory rates by
providing a sensor in a pillow or a mattress has been
researched and developed. A method for measuring respi-
ratory-related sounds such as snoring by an external micro-
phone has also been devised. Further, a method for measur-
ing a pulmonary sound and a sound called rales, which is
generated during asthma, by a sound sensor provided on a
body has been examined (JP-A 2004-357758 (KOKAD)).

[0008] As described above, the heart rate respiratory sen-
sor embedded in a bed measures low-frequency vibration
(up to 1 Hz) according to movements of the chest based on
a breathing. Therefore, it is difficult to make measurement
when airway occlusion, bruxism, or the like occurs, which
has a high frequency range, even though complete apnea
does not occur. In addition, it is not possible for the external
microphone to make measurement, when snoring, bruxism
or the like does not appear to the outside as sounds.
Therefore, it is difficult to detect a change in breath sounds
due to the state of respiratory obstruction.

SUMMARY OF THE INVENTION

[0009] According to one aspect of the present invention,
an apparatus for determining a respiratory condition
includes a breath sound measuring unit measuring a breath
sound passing through a subject’s airway; a frequency
converting unit converting a frequency on the breath sound
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to obtain a frequency spectrum; a respiratory synchronous
component extracting unit extracting a respiratory synchro-
nous component, which varies depending on the breathing,
from the frequency spectrum; a frequency distribution
detecting unit detecting a frequency distribution of the
respiratory synchronous component; and a respiratory con-
dition determining unit determining a subject’s respiratory
condition based on the frequency distribution.

[0010] According to another aspect of the present inven-
tion, a method of determining respiratory condition includes
measuring a breath sound passing through a subject’s air-
way; converting a frequency on the breath sound to obtain
a frequency spectrum; extracting a respiratory synchronous
component, which varies depending on the breathing, from
the frequency spectrum; detecting a frequency distribution
of the respiratory synchronous component; and determining
a subject’s respiratory condition based on the frequency
distribution.

[0011] A computer program product according to still
another aspect of the present invention causes a computer to
perform the method according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram illustrating an entire
configuration of an apparatus for determining a respiratory
condition according to a first embodiment of the present
invention;

[0013] FIG. 2 is a diagram illustrating the external appear-
ance of a pillow including the apparatus for determining a
respiratory condition;

[0014] FIG. 3 is a diagram illustrating the external appear-
ance of a first sensor;

[0015] FIG. 4 is a diagram illustrating a detailed configu-
ration of a sensor array and the like;

[0016] FIG. 5 is a flowchart illustrating a respiratory
condition determining process in the apparatus for deter-
mining a respiratory condition;

[0017] FIG. 6 is a diagram illustrating a process for
extracting a respiratory synchronous component (step S104
in FIG. 5);

[0018] FIG. 7A is a diagram illustrating a respiratory
synchronous component in a normal state;

[0019] FIG. 7B is a diagram illustrating a respiratory
synchronous component when a respiratory condition
becomes worse;

[0020] FIG. 8 is a diagram illustrating a hardware con-
figuration of the apparatus for determining a respiratory
condition according to the first embodiment;

[0021] FIG. 9 is a diagram illustrating the external appear-
ance of an apparatus for determining a respiratory condition
according to a second embodiment;

[0022] FIG. 10 is a block diagram illustrating a functional
configuration of an apparatus for determining a respiratory
condition according to the second embodiment; and

[0023] FIG. 11 is a block diagram illustrating a functional
configuration of an apparatus for determining a respiratory
condition according to a third embodiment.
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DETAILED DESCRIPTION OF THE
INVENTION

[0024] Hereinafter, preferred embodiments of an appara-
tus, a method and a computer program product for deter-
mining a respiratory condition according to the present
invention will be described in detail with reference to the
accompanying drawings.

First Embodiment

[0025] FIG. 1 is a block diagram illustrating an entire
configuration of an apparatus for determining a respiratory
condition 10 according to a first embodiment of the present
invention. The apparatus for determining a respiratory con-
dition 10 includes a sensor array 110 having a plurality of
sensors 111 to 120 that detect breath sounds passing through
a subject’s airway while being in contact with the subject’s
skin, a signal amplifying unit 130, a frequency converting
unit 132, a respiratory synchronous component extracting
unit 134, a frequency shift detecting unit 136, a respiratory
condition determining unit 138, a respiratory synchronous
component comparing unit 140, a sensor selecting unit 142,
and a respiratory synchronous component, before falling
asleep, maintaining unit 150.

[0026] The signal amplifying unit 130 amplifies breath
sound signals detected from the respective sensors 111 to
120. The frequency converting unit 132 performs frequency
conversion, such as Fourier transform, so as to obtain
frequency spectrums from the amplified breath sound sig-
nals.

[0027] The respiratory synchronous component extracting
unit 134 extracts a respiratory synchronous component from
the frequency spectrum obtained by the frequency convert-
ing unit 132. Here, the respiratory synchronous component
refers to a component which is changed in synchronous with
the subject’s breathing and is present within the frequency
spectrum obtained by the frequency converting unit 132.

[0028] The respiratory synchronous component, before
falling asleep, maintaining unit 150 maintains a subject’s
respiratory synchronous component before falling asleep.
Specifically, a respiratory synchronous component is
obtained from the subject’s breath sound before falling
asleep according to processes from the signal amplifying
unit 130 to the respiratory synchronous component extract-
ing unit 134. The obtained respiratory synchronous compo-
nent is maintained as a respiratory synchronous component
before falling asleep. A respiratory condition before falling
asleep may be considered as a normal state. Therefore, the
respiratory synchronous component obtained at this time is
maintained as the respiratory synchronous component in the
normal state (healthy state).

[0029] The frequency shift detecting unit 136 detects a
frequency component change, namely a frequency shift in
the respiratory synchronous component obtained by the
respiratory synchronous component extracting unit 134. The
respiratory condition determining unit 138 determines a
respiratory condition based on the frequency shift detected
by the frequency shift detecting unit 136.

[0030] The respiratory synchronous component compar-
ing unit 140 compares each of the respiratory synchronous
components detected by the respiratory synchronous
extracting unit 134 to each of the breath sound signals
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detected by the respective sensors 111 to 120. The sensor
selecting unit 142 selects one sensor among the plurality of
sensors 111 to 120 based on the comparison result from the
respiratory synchronous component comparing unit 140.
Here, the selected sensor detects a breath sound that
becomes a target for the respiratory condition determining
unit 138 to determine a respiratory condition.

[0031] FIG. 2 is a diagram illustrating the external appear-
ance of a pillow including the apparatus for determining a
respiratory condition 10. As shown in FIG. 2, a portion of the
pillow, with which a subject’s neck comes in contact, has a
more convex shape than any other portions thereof. The
plurality of sensors 111 to 120 are arranged in a row in the
convex portion along a horizontal direction of the pillow.

[0032] Due to the subject turning over during sleep, the
subject may not have contact with a predetermined sensor.
However, since a plurality of sensors are provided, any one
of the sensors will always be in contact with the subject,
thereby enabling to detect a breath sound signal.

[0033] FIG. 3 is a diagram illustrating the external appear-
ance of the first sensor 111. The first sensor 111 includes a
substrate 1110 formed of a dielectric material, such as
polyimide, polyester, or the like, and electrodes 1112 and
1114 disposed at both ends of the substrate 1110. The sensor
111 is about 2 mm in thickness in a direction 200 of the
electrodes 1112 and 1114. In addition, the electrodes 1112
and 1114 are 3 cmx3 cm in size. The other sensors 112 to 130
have the same configuration as the first sensor 111. In view
of detecting of a change in breathing, which is generated
when the throat closes, it is preferable that the respective
sensors be capable of detecting a frequency of several
hundreds of Hz in all cases.

[0034] In addition, the respective sensors 111 to 120
according to the present embodiment are separately formed,
but, instead, it is possible to integrally form the sensors 111
to 120.

[0035] FIG. 4 is a diagram illustrating a detailed configu-
ration of the sensor array 110 and the like. Capacitor
microphones are used as the sensors 111 to 120, and a direct
current bias voltage is applied thereto. A multiplexer is used
in a sensor selecting unit 142. In addition, a CV converting
circuit is used in the signal amplifying unit 130, and the
amplification is performed after the voltage conversion. The
amplified signal is AD converted and input to a CPU. In the
CPU, the frequency converting unit 132, the respiratory
synchronous component extracting unit 134, the frequency
shift detecting unit 136, the respiratory condition determin-
ing unit 138, the respiratory synchronous component com-
paring unit 140, the sensor selecting unit 142, and the
respiratory synchronous component, before falling asleep,
maintaining unit 150 perform their processes.

[0036] The CPU selects a sensor based on the respiratory
synchronous component obtained by the respective sensors,
and inputs a select signal, which specifies the selected
sensor, to the multiplexer. The multiplexer selects the pre-
determined sensor according to the select signal.

[0037] Meanwhile, a pressure sensor may be used as the
sensor instead of the capacitor microphone. In this case, a
sine wave of an alternating current of about 100 kHz is
applied. After the signal amplification, the amplified signal
is detected at a frequency equivalent to the applied voltage
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s0 as to remove an applied frequency component. Then, the
signal is AD converted. As another example, after the signal
amplification, the applied frequency component may be
removed by a low-pass filter.

[0038] FIG. 5 is a flowchart illustrating a respiratory
condition determining process in the apparatus for deter-
mining a respiratory condition 10. First, a respiratory syn-
chronous component is extracted with respect to a breath
sound signal of the subject who is sleeping, which is
detected by a predetermined sensor, for example, the first
sensor 111.

[0039] Specifically, first, the first sensor 111 detects a
breath sound signal of the subject who is sleeping (step
S100). Next, the breath sound signal obtained by the first
sensor 111 is amplified, and then frequency-converted by the
frequency converting unit 132, thereby obtaining a fre-
quency spectrum (step S102).

[0040] The respiratory synchronous component extracting
unit 134 extracts a respiratory synchronous component from
the frequency spectrum (step S104). Here, the respiratory
synchronous component detected at this time is referred to
as a respiratory synchronous component during sleep.

[0041] FIG. 6 is a diagram illustrating the process for
extracting a respiratory synchronous component (step
S104). As shown in FIG. 6, first, an output of the sensor is
subjected to rectifying integration so as to obtain an enve-
lope curve. Then, the maximum value and the minimum
value on the envelope curve are detected. Based on time data
of each of the detected maximum value and minimum value,
frequency conversion is performed, and a frequency spec-
trum of each of the maximum value and the minimum value
is obtained. The difference between the frequency spectrums
is extracted as a respiratory synchronous component.

[0042] Again, the description will be made with reference
to FIG. 5. After the respiratory synchronous component is
extracted (step S104), the maximum value of the amplitude
of a time waveform of the extracted respiratory synchronous
component is compared with a predetermined threshold
value. When the maximum value of the amplitude is equal
to or greater than the threshold value (step S106, Yes), it is
determined that the sensor can reliably detect a breath sound.
Therefore, the corresponding sensor is maintained as the
candidate sensor (step S108).

[0043] In contrast, when the maximum value of the ampli-
tude is less than the threshold value (step S106, No), it is
determined that the detection result is not appropriate.
Therefore, the sensor is not maintained as the candidate
sensor, and the process proceeds to step S110.

[0044] With respect to all of the sensors 111 to 120, when
the comparison between the maximum value of the ampli-
tude of the respiratory synchronous component and the
threshold value are not completed (step S110, No), a breath
sound signal is detected in another sensor for which the
comparison is not completed (step S120). Then, the process
returns to step S102, a frequency spectrum is obtained from
the detected breath sound signal.

[0045] When the comparisons for all of the sensors are
completed (step S110, Yes), the sensor, which has detected
the respiratory synchronous component having the greatest
amplitude of the time waveform, is selected among the

Jan. 11, 2007

candidate sensors maintained in step S108 (step S112).
Accordingly, the sensor to be utilized for the breathing
determination can be selected.

[0046] Then, the frequency shift detecting unit 136 com-
pares the respiratory synchronous component during sleep,
which is obtained from the detection result of the selected
sensor, with the respiratory synchronous component before
falling asleep, which is maintained by the respiratory syn-
chronous component, before falling asleep, maintaining unit
150. Further, the frequency shift detecting unit 136 detects
a frequency shift of the respiratory synchronous component
during sleep detected by the selected sensor with respect to
the respiratory synchronous component before falling asleep
(step S114). Then, the respiratory condition determining unit
138 determines a respiratory condition based on the detected
frequency shift (step S116).

[0047] Specifically, the respiratory condition determining
unit 138 determines that respiratory is in an obstructive state
when a frequency, at which the respiratory synchronous
component of the selected sensor is the greatest, is shifted
exceeding a predetermined value previously set based on
respiratory synchronous component before falling asleep.

[0048] In addition, a respiratory synchronous component
before falling asleep is detected and maintained before the
subject falls asleep. Specifically, before the subject falls
asleep, the respiratory synchronous component of the sensor
selected through the processes of steps S100 to S112 is
detected as the respiratory synchronous component before
falling asleep.

[0049] Furthermore, in the present embodiment, a fre-
quency at which the respiratory synchronous component is
the greatest is used as a reference. However, a frequency at
which the respiratory synchronous component becomes an
intermediate value, that is, a center frequency is used as a
reference instead of a frequency at which the respiratory
synchronous component is the greatest. As another example,
a centroid frequency is also used as a reference.

[0050] FIGS. 7A and 7B are diagrams illustrating a fre-
quency shift of a respiratory synchronous component. FIG.
7Ais a diagram illustrating a respiratory synchronous com-
ponent in a normal state. FIG. 7B is a diagram illustrating a
respiratory synchronous component when a respiratory con-
dition becomes worse. A peak of the respiratory synchro-
nous comporent in the normal state, which appears around
400 Hz, shifts toward a lower frequency as shown in FIG.
7B, when a pillow is too high for example, imposing a
burden on the subject’s neck. That is, by detecting the
frequency shift, an abnormal state, such as a case where the
throat closes due to burden in the subject’s neck, can be
detected.

[0051] In addition, data shown in FIGS. 7A and 7B are
frequency spectrums obtained by frequency conversion of
all the measured sounds which are measured by the sensors.
In actual, the respiratory synchronous component is
extracted based on the difference between the obtained
frequency spectrum and a frequency spectrum in which a
breath sound is not included.

[0052] The determination result of a respiratory condition,
obtained by the above-mentioned respiratory condition
determining process, may be shown, for example, on a
graph. Specifically, the number of times the respiratory
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condition becomes worse overnight, accumulated time, and
the like may be displayed on a monitor when the subject
wakes up. For another example, the number of times the
respiratory condition becomes worse over time may be
shown on a graph.

[0053] FIG. 8 is a diagram illustrating a hardware con-
figuration of the apparatus for determining a respiratory
condition 10 according to the first embodiment. The appa-
ratus for determining a respiratory condition 10 includes, as
the hardware configuration, a ROM 52 that stores a respi-
ratory condition determining program, which executes a
respiratory condition determining process, or the like, in the
apparatus for determining a respiratory condition 10, a CPU
51 that controls parts of the apparatus for determining a
respiratory condition 10 according to the program in the
ROM 52, a RAM 53 that stores various data for the control
of the apparatus for determining a respiratory condition 10,
a communication I/F 57 that is connected to a network and
performs communication, and a bus 62 that connects each of
the parts.

[0054] The respiratory condition determining program in
the apparatus for determining a respiratory condition 10 may
be provided in a state where it is recorded on a recording
medium with a file installable or executable format, which
can be read by a computer, such as a CD-ROM, a floppy disc
(FD), a DVD or the like.

[0055] In this case, the respiratory condition determining
program is read and executed from the recording medium in
the apparatus for determining a respiratory condition 10, and
thus, the program is loaded to a main memory unit and the
parts explained above in the software construction are
generated on the main memory unit.

[0056] In addition, the respiratory condition determining
program of the present embodiment may be stored in a
computer connected to the network, such as the Internet,
such that it may be downloaded through the network.

[0057] Although the present invention has been described
with the embodiment of the present invention, it will be
apparent to those skilled in the art that various modifications
and changes may be made.

[0058] In the embodiment, in step S106, the maximum
value of the amplitude of the time waveform of the respi-
ratory synchronous component is compared with the thresh-
old value. Instead, in a first modification, the maximum
value of a correlation function of the respiratory synchro-
nous component is compared with a predetermined thresh-
old value with respect to the correlation. When the maxi-
mum value of the correlation function of the respiratory
synchronous component is equal to or greater than the
threshold value, the sensor may be maintained as a candidate
sensor (step S108). Even in this case, it is also possible to
select the corresponding sensor as a candidate sensor, that is,
the corresponding sensor that reliably detects a breath
sound.

[0059] Further, the apparatus for determining a respiratory
condition 10 according to the present embodiment deter-
mines a subject’s respiratory condition according to a fre-
quency shift based on the subject’s respiratory synchronous
component before falling asleep. In a second modification,
however, the apparatus for determining a respiratory condi-
tion 10 may determine a subject’s sleeping state according
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to a frequency shift based on a respiratory synchronous
component previously obtained from the subject’s breath
sound.

[0060] Specifically, the respiratory synchronous compo-
nent, obtained when the apparatus for determining a respi-
ratory condition 10 determines a state of health while the
subject is sleeping, is maintained as subject’s history infor-
mation. Also, it is possible to detect a frequency shift based
on the respiratory synchronous component maintained as the
history information.

[0061] In addition, when a plurality of respiratory syn-
chronous components are maintained as history information,
an average value or the standard deviation of the plurality of
respiratory synchronous components may be calculated, and
a frequency shift may be detected based on the calculated
respiratory synchronous component.

[0062] In addition, in a third modification, the time when
a breath sound occurs may be further detected based on the
detection result from the sensor. By obtaining the breath
sound at this time, it is possible to omit the process of
rectification and integration, and the like, described in the
embodiment.

[0063] Furthermore, in the present embodiment, a sensor
to be used for determination of a sleeping state is selected
based on the maximum value of the amplitude. However, in
a fourth modification, it is possible to select a sensor based
on an electric change in impedance between neighboring
sensors, in addition to the maximum value of the amplitude.

[0064] Specifically, based on the measurement result of
electric changes in impedance between neighboring sensors,
a sensor in contact with the subject is selected as a first
candidate sensor. In addition, with respect to the first can-
didate sensor selected based on the changes in impedance, as
described in the embodiment, a second candidate sensor is
selected by comparing the maximum value of the amplitude
and the threshold value. Further, a sensor of which the
detected result shows the greatest amplitude is selected
among the second candidate sensors.

[0065] As aresult, itis possible to expedite the process for
selecting sensors by performing the sensor selection in two
steps. Also, here, the first candidate sensor corresponds to
the candidate sensor in the appended claims.

[0066] In addition, in a fifth modification, the apparatus
for determining a respiratory condition 10 may be embedded
in a bed, and may be embedded in a sheet instead of a pillow.

Second Embodiment

[0067] FIG. 9 is a diagram illustrating the external appear-
ance of an apparatus for determining a respiratory condition
10 according to a second embodiment. A plurality of air bags
301 to 310 are provided under respective sensors 111 to 120.
In this case, one air bag is provided so as to correspond to
one sensor. The air bag according to the present embodiment
corresponds to a pressing member described in the appended
claims.

[0068] FIG. 10 is a block diagram illustrating a functional
configuration of the apparatus for determining a respiratory
condition 10 according to the second embodiment. The
apparatus for determining a respiratory condition 10 accord-
ing to the second embodiment further includes an air bag
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controlling unit 160, in addition to the functional configu-
ration of the apparatus for determining a respiratory condi-
tion 10 according to the first embodiment. The air bag
controlling unit 160 outputs to the air bag an instruction that
the air bag, on which a sensor selected by the sensor
selecting unit 142 is mounted, is expand more.

[0069] The air bag, on which the sensor selected for the
breathing determination is mounted, is expanded, thereby
increasing pressure being applied to the subject. Accord-
ingly, sensitivity in the selected sensor can be improved.

[0070] For example, in the apparatus for determining a
respiratory condition 10 shown in FIG. 9, it is assumed that
the first sensor 111 is selected. In this case, the first air bag
301 having the first sensor 111 mounted thereon is expanded.

[0071] Except for the above, the apparatus for determining
a respiratory condition 10 according to the second embodi-
ment has the same configuration and process as the appa-
ratus for determining a respiratory condition 10 according to
the first embodiment.

[0072] In a first modification of the apparatus for deter-
mining a respiratory condition 10 according to the second
embodiment, a plurality of sensors may be provided, and the
respective sensors may not be provided so as to correspond
to the respective air bags. For example, two sensors may be
mounted on one air bag.

[0073] In addition, in a second modification, heart rates
and respiratory signals may be measured by measuring
vibration transmitted to the air bag by using a pressure
sensor. The total sleeping state may be further managed by
a combination of the heart rate, and breathing determination
and measurement results.

[0074] For example, based on the heart rates and respira-
tory signals obtained from the air bag, a state of an auto-
nomic nerve, a sleep depth, a respiratory condition (apnea
and snoring) and the like are measured. In addition, bruxing
or a change in breathing is measured by the sensor. Then, the
overall results are shown on a display.

[0075] In a third modification, based on the respiratory
signal obtained by measuring the vibration, transmitted to
the air bag, by using the pressure seusor, timing of a
respiratory peak can be detected and utilized to detect the
respiratory synchronous component in FIG. 6.

[0076] In addition, in a forth modification, the air bag
controlling unit 160 may expand an air bag having another
sensor mounted thereon other than the sensor selected to be
utilized for sleeping state determination, that is, an air bag
having a low-sensitivity sensor thereon. Accordingly, sensor
sensitivity can be improved.

[0077] In addition, in a fifth modification, in a view that a
sensor is securely pressed against the subject, a spring may
be provided instead of the air bag. A member, which is
capable of securely pressing the sensor, may be used, and it
is not limited to the embodiment.

Third Embodiment

[0078] FIG. 11 is a block diagram illustrating a functional
configuration of an apparatus for determining a respiratory
condition 10 according to a third embodiment. The appara-
tus for determining a respiratory condition 10 according to
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the third embodiment does not include the respiratory syn-
chronous component comparing unit 140 and the sensor
selecting unit 142. Tn addition, only one sensor is provided.
In this configuration, the apparatus for determining a respi-
ratory condition 10 according to the third embodiment is
different from the apparatus for determining a respiratory
conditiones 10 according to the other embodiments.

[0079] The apparatus for determining a respiratory condi-
tion 10 according to the third embodiment may be mounted
in a stethoscope or the like. A doctor or a subject searches
for a portion suitable for measurement while checking by the
stethoscope or the like, and thus detects a breath sound
signal through the stethoscope in a state where the sensor is
in contact with the appropriate position.

[0080] Accordingly, the apparatus for determining a res-
piratory condition 10 according to the third embodiment
does not perform a process for selecting an appropriate
sensor, and determines a respiratory condition based on the
detection result from the one sensor.

[0081] Except for the above, the apparatus for determining
arespiratory condition 10 according to the third embodiment
has the same configuration and process as the apparatus for
determining a respiratory condition 10 according to the first
embodiment. Therefore, the description thereof is not
repeated.

[0082] As mentioned above, according to the present
invention, various symptoms, such as airway occlusion,
respiratory obstruction and the like in relation to breathing
during sleep can be determined.

[0083] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An apparatus for determining a respiratory condition
comprising:

a breath sound measuring unit measuring a breath sound
passing through a subject’s airway by a breathing;

a frequency converting unit converting a frequency on the
breath sound to obtain a frequency spectrum;

a respiratory synchronous component extracting unit
extracting a respiratory synchronous component, which
varies depending on the breathing, from the frequency
spectrum;

a frequency distribution detecting unit detecting a fre-
quency distribution of the respiratory synchronous
component; and

a respiratory condition determining unit determining a
subject’s respiratory condition based on the frequency
distribution.

2. The apparatus according to claim 1 further comprising:

a normal frequency distribution maintaining unit main-
taining a normal frequency distribution that is a fre-
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quency distribution of the respiratory synchronous
component when the subject is in a normal state,

wherein the respiratory condition determining unit deter-
mines the subject’s respiratory condition when the
subject is sleeping based on the normal frequency
distribution and a frequency distribution during sleep
that is the frequency distribution detected with respect
to a breath sound measured from the sleeping subject.

3. The apparatus according to claim 2, wherein the
respiratory condition determining unit determines that the
respiratory condition becomes worse when a frequency shift
of the frequency distribution during sleep with respect to the
normal frequency distribution is equal to or greater than a
predetermined value.

4. The apparatus according to claim 3, wherein the
respiratory condition determining unit determines that the
respiratory condition becomes worse when the frequency
shift in a predetermined frequency band of the frequency
distribution during sleep is equal to or greater than a
predetermined value.

5. The apparatus according to claim 2, wherein the normal
frequency distribution maintaining unit maintains, as the
normal frequency distribution, a frequency distribution
before falling asleep that is the frequency distribution of the
respiratory synchronous component before the subject falls
asleep.

6. The apparatus according to claim 5, wherein the breath
sound measuring unit measures a breath sound before falling
asleep in the condition before the subject falls asleep, and
the normal frequency distribution maintaining unit main-
tains the frequency distribution before falling asleep, which
is detected by the frequency distribution detecting unit,
based on the breath sound before falling asleep.

7. The apparatus according to claim 1, wherein the breath
sound measuring unit is embedded in a bed.

8. The apparatus according to claim 7, wherein the breath
sound measuring unit is embedded in a pillow.

9. The apparatus according to claim 1 further comprising:

a plurality of the breath sound measuring units measuring
breath sound passing through the subject’s airway, in a
state where the plurality of breath sound measuring
units are in contact with the subject’s skin at different
positions; and

a selecting unit of the breath sound measuring unit
selecting the breath sound measuring unit utilized for
the determination of a respiratory condition among the
plurality of breath sound measuring units based on the
plurality of respiratory synchronous components
obtained from the breath sound measured by the plu-
rality of the breath sound measuring units,

wherein the respiratory condition determining unit deter-
mines the respiratory condition based on the breath
sound measured by the breath sound measuring unit
selected by the selecting unit of the breath sound
measuring unit.

10. The apparatus according to claim 9, wherein the
selecting unit of the breath sound measuring unit selects the
breath sound measuring unit which exhibits greatest ampli-
tude of the respiratory synchronous component.

11. The apparatus according to claim 9 further compris-
ing:
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an impedance change detecting unit detecting changes in
impedance between neighboring two electrodes,

wherein the respective breath sound measuring units are
disposed adjacent to each other, and

the selecting unit of the breath sound measuring unit

selects the breath sound measuring unit utilized for the

determination of a respiratory condition based on the

changes in impedance between the electrodes, which

are detected by the impedance change detecting unit.

12. The apparatus according to claim 9 further compris-
ing:

at least three of the breath sound measuring units disposed
adjacent to each other; and

an impedance change detecting unit detecting changes in
impedance between two neighboring electrodes,

wherein the selecting unit of the breath sound measuring
unit selects the plurality of breath sound measuring
units as candidate breath sound measuring units based
on the changes in impedance between the electrodes,
and selects the breath sound measuring unit which
exhibits the greatest amplitude of the breath sound
synchronous component, among the plurality of the
candidate breath sound measuring units.

13. The apparatus according to claim 9 further compris-

ing:

a first pressing member that presses a first breath sound
measuring unit among the plurality of breath sound
measuring units against the subject;

a second pressing member that presses a second breath
sound measuring unit among the plurality of breath
sound measuring units against the subject; and

a pressure controlling unit controlling pressure of the first
pressing member, when the selecting unit of the breath
sound measuring unit selects the first breath sound
measuring unit.

14. The apparatus according to claim 13, wherein the first
pressing member is an air bag, and the pressure controlling
unit controls an amount of air in the air bag.

15. The apparatus according to claim 14 further compris-
ing:

a respiratory signal measuring unit measuring a subject’s
respiratory signal based on the pressure transmitted to
the air bag,

wherein the respiratory condition determining unit further
determines the subject’s respiratory condition based on
the respiratory signal measured by the respiratory sig-
nal measuring unit.
16. A method of determining respiratory condition com-
prising:
measuring a breath sound passing through a subject’s

airway by a breathing;

converting a frequency on the breath sound to obtain a
frequency spectrum,;

extracting a respiratory synchronous component, which
varies depending on the breathing, from the frequency
spectrum;
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detecting a frequency distribution of the respiratory syn-
chronous component; and

determining a subject’s respiratory condition based on the

frequency distribution.

17. A computer program product having a computer
readable medium including programmed instructions for
determining respiratory condition, wherein the instructions,
when executed by a computer, cause the computer to per-
form:

measuring a breath sound passing through a subject’s
airway by a breathing;
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converting a frequency on the breath sound to obtain a
frequency spectrum;

extracting a respiratory synchronous component, which
varies depending on the breathing, from the frequency
spectrum;

detecting a frequency distribution of the respiratory syn-
chronous component; and

determining a subject’s respiratory condition based on the
frequency distribution.
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