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BIOACOUSTIC SOUND TESTING DEVICE
AND BIOCACOUSTIC SOUND TESTING
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT applica-
tion No. PCT/JP2014/003884, which was filed on Jul. 23,
2014 based on Japanese Patent Application (No. 2013-
155811) filed on Jul. 26, 2013, the contents of which are
incorporated herein by reference. Also, all the references
cited herein are incorporated as a whole.

BACKGROUND
[0002] 1. Technical Field
[0003] Thepresentdisclosure relates to a bioacoustic sound

testing device, more particularly, to a bioacoustic sound test-
ing device for supporting the estimation of the state of a living
body by measuring bioacoustic sound.

[0004] 2. Background Art

[0005] The treatment of respiratory diseases, such as
asthma, often takes a long time. For the treatment of asthma,
it is basically necessary to take anti-inflammatory agent for
controlling the inflammation of the respiratory tract every day
and also take bronchodilator for controlling the stenosis of the
respiratory tract at the time of an attack, thereby maintaining
the respiratory tract in a properly controlled state for a long
time. A medical compound of anti-inflammatory agent and
bronchodilator is also used as a daily medicine in some cases.

[0006] A comprehensive judgment based on the experience
of amedical specialist is required for the judgment of the state
of the respiratory tract, and support using objective indexes
obtained from testing devices is extensively desired to make
a comprehensive and appropriate judgment. As a testing
device of this kind, for example, the bioacoustic sound testing
device described in WO2012/060107 is available.

SUMMARY OF THE INVENTION

[0007] However, in W02012/060107, further improve-
ments are required.

[0008] In one general aspect, the techniques are disclosed
here that a bioacoustic sound testing device comprising:

[0009] aband power calculatorthat calculates a band power
in a predetermined period for each of a plurality of predetet-
mined frequency bands on the basis of a bioacoustic sound,;

[0010] areference power calculator that calculates a res-
piratory airflow reflecting power on the basis of a band
power of a band reflecting a respiratory airflow and at
least partially including any of frequencies ranging from
250 Hz or more to 1050 Hz or less, calculates a specific
change reflecting power on the basis of a band power of
aband reflecting a specific change in aliving body and at
least partially including any of frequencies ranging from
1250 Hz or more to 1550 Hz or less, and calculates a
reference power on the basis of the respiratory airflow
reflecting power and the specific change reflecting
power; and

[0011] anindex value calculator that calculates at least one
index value on the basis of the reference power and the band
powers of the plurality of predetermined frequency bands.
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[0012] These general and specific aspects may be imple-
mented using a system, a method, and a computer program,
and any combination of systems, methods, and computer
programs.

[0013] With the present disclosure, an index value properly
reflecting the state of the respiratory tract can be obtained
while the number of the sensors for measuring the bioacoustic
sound is reduced. Furthermore, since the number of the sen-
sors can be reduced, the operation of the apparatus is simpli-
fied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram illustrating an outline
configuration of a bioacoustic sound testing device according
to an embodiment of the present disclosure;

[0015] FIG. 2isa flow chart illustrating the operation of the
bioacoustic sound testing device shown in F1G. 1;

[0016] FIG. 3 is a view illustrating the examples of the
bands reflecting respiratory airflow in the bioacoustic sound
testing device shown in FIG. 1;

[0017] FIG. 4 is a view illustrating examples of the bands
reflecting a specific change in the bioacoustic sound testing
device shown in FIG. 1;

[0018] FIG. 5 is a view illustrating an example indicating
the state of correction in the bioacoustic sound testing device
shown in FIG. 1;

[0019] FIG. 6 is a graph illustrating the frequency depen-
dency of power after the correction by correction (a);

[0020] FIG. 7isabox plotillustrating the frequency depen-
dency of power distribution after the correction by correction
(a);

[0021] FIG. 8 is a graph illustrating the frequency depen-
dency of power after the correction by correction (b);

[0022] FIG.9isabox plotillustrating the frequency depen-
dency of power distribution after the correction by the cor-
rection (b);

[0023] FIG. 10 is a view illustrating examples indicating
changes in index value depending on the type of medicine in
the bioacoustic sound testing device shown in FIG. 1;
[0024] FIG. 11 is a view illustrating the difference between
index value (a) and index value (b) in the bioacoustic sound
testing device shown in FIG. 1;

[0025] FIG. 12 is a view illustrating examples of analysis
maps generated using a plurality of index values;

[0026] FIG. 13 is a view illustrating an example in which
index values are displayed; and

[0027] FIG. 14 is a view illustrating another example in
which index values are displayed.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

(Knowledge Becoming the Basis for the Present Disclosure)

[0028] The inventors found that the techniques described in
W02012/060107 cause following problems.

[0029] Itis known that respiratory sound becomes stronger
as respiratory airflow is higher and becomes weaker as physi-
cal constitution is larger, and the index value of the standard
of the respiratory sound in which the influence of these is
reduced is known. In the bioacoustic sound testing device
described in W0O2012/060107, respiratory sound is measured
attwo points on the cervical region and the chest, and the ratio
of the powers at the cervical region and the chest is used to
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reduce the influence of the respiratory airflow and the physi-
cal constitution. Furthermore, one of a plurality of index
values is obtained by predicting the state in a high band from
that in the band reflecting respiratory airflow at the cervical
region, and a predictive residue is calculated, whereby the
influence of the respiratory airflow is reduced.

[0030] However, the bioacoustic sound testing device
described in W02012/060107 described above has a problem
in that the operation thereof becomes complicated because
two sensors are used for the cervical region and the chest. In
the comparison between the cervical region and the chest, the
testing at the chest close to the peripheral respiratory tract is
more suited for the detection of the small change in the state
of the respiratory tract, whereby it is assumed that the state of
the respiratory tract can be estimated by using only the sensor
for the chest; however, since the respiration sound at the chest
is weaker, the influence due to factors other than the state of
the respiratory tract that is desired to be known is significant,
whereby an index value properly reflecting the state of the
respiratory tract is not obtained. Hence, the two sensors for
the chest and the cervical region are required to obtain the
index value properly reflecting the state of the respiratory
tract.

[0031] Therefore, the inventors considered following
improvements.
[0032] (1) Ina first aspect of the present disclosure, there is

provided a bioacoustic sound testing device according to the
present disclosure includes a band power calculator that cal-
culates a band power in a predetermined period for each of a
plurality of predetermined frequency bands on the basis of a
bioacoustic sound; a reference power calculator that calcu-
lates a reference power on the basis of the band power of the
band at least partially including any of frequencies ranging
from 250 Hz or more to 1050 Hz or less and the band power
of the band at least partially including any of frequencies
ranging from 1250 Hz or more to 1550 Hz or less among from
the band powers of the plurality of predetermined frequency
bands; and an index value calculator that calculates at least
one index value on the basis of the reference power and the
band powers of the plurality of predetermined frequency
bands.

[0033] With the above-mentioned configuration, an index
value properly reflecting a state of a respiratory tract is
obtained.

[0034] (2) In the above aspect, exemplarily, the index value
calculator includes: a predicted value calculator that calcu-
lates a predicted value for each of the bands on the basis of at
least the reference power; and a corrected power calculator
that calculates a corrected power for each of the bands by
subtracting the predicted value for each of the bands from the
band power for each of the bands. The index value calculator
calculates an index value on the basis of the corrected power.
[0035] (3) In the above aspect, exemplarily, the bands
where correction is performed include 700 Hz and 1400 Hz.
[0036] (4) In the above aspect, exemplarily, the index value
calculator performs correction for one band on the basis of
each of two or more kinds of reference powers and sets each
corrected power as the index value.

[0037] (5) Inthe above aspect, exemplarily, the two or more
kinds of reference powers include a reference power based on
weighted addition of respiratory airflow reflecting power and
specific change reflecting power and a reference power based
on weighted subtraction between the respiratory airflow
reflecting power and the specific change reflecting power.
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[0038] (6) In the above aspect, exemplarily, the device fur-
ther includes a display that displays the index value.

[0039] (7) In the above aspect, exemplarily, the display
plots two or more kinds of index values along a time axis.
[0040] (8) In the above aspect, exemplarily, the display
displays two kinds of index values as a two-dimensional map
and displays the two kinds of index values along time series
by connecting measurement points.

[0041] (9) In the above aspect, exemplarily, the index value
calculator calculates the index value on the basis of a linear
sum of two or more corrected powers.

[0042] (10) In the above aspect, exemplarily, the predicted
value calculator predicts a standard value of the band power
corresponding to the reference power on the basis of a mea-
surement sample in a standard state.

[0043] (11) In the above aspect, exemplarily, the band
power calculator includes: a frequency analyzer that performs
frequency analysis for a measured bioacoustic sound; a
period designator that designates a period to be analyzed
among from a plurality of respiration periods; and a period
representative band power calculator that calculates a repre-
sentative band power in the period designated by the period
designator for the plurality of predetermined frequency bands
on the basis of the bioacoustic sound subjected to frequency
analysis using the frequency analyzer.

[0044] (12) In the above aspect, exemplarily, a bioacoustic
sound measurer for measuring the bioacoustic sound mea-
sures the bioacoustic sound at one point on a chest of a living
body.

[0045] (12) In the above aspect, exemplarily, the band
reflecting the specific change is a band in which a difference
between a power after a medication of bronchodilator and a
power after the medication of anti-inflammatory agent is
large.

[0046] (13) In the above aspect, exemplarily, the reference
power is an average value of the powers of continuous wide
bands including the band reflecting the respiratory airflow
and the band reflecting the specific change.

[0047] (14) In the above aspect, exemplarily, the reference
power is an average value of the powers of the bands includ-
ing frequencies ranging from 150 Hz or more to 1550 Hz or
less.

[0048] A preferred embodiment according to the present
disclosure will be described below in detail referring to the
drawings.

[0049] FIG. 1 is a block diagram illustrating an outline
configuration of a bioacoustic sound testing device according
to an embodiment of the present disclosure. In the figure, a
bioacoustic sound testing device 1 according to this embodi-
ment includes a bioacoustic sound measurer 7, a band power
calculator 2, a reference power calculator 8, an index value
calculator 5, and a display 6. The reference power calculator
8 includes a respiratory airflow reflecting power calculator 3
and a specific change reflecting power calculator 4. The bioa-
coustic sound measurer 7 is a measuring instrument with a
sensor, such as an electronic stethoscope, and is used to mea-
sure bioacoustic sound at one point on the chest of a living
body. Although the bioacoustic sound is acquired in real time
in this embodiment, a recording function may be provided so
that recorded bioacoustic sound is acquired. Furthermore, a
sticking type or built-in type sensor may also be used. The
band power calculator 2 is used to calculate the band power in
a predetermined period for a predetermined plurality of fre-
quency bands on the basis of bioacoustic sound, and includes
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a frequency analyzer 202 for performing frequency analysis
for the bioacoustic sound measured using the bioacoustic
sound measurer 7; a period designator 203 for designating a
period to be analyzed from among a plurality of respiration
periods; and a period representative band power calculator
204 for calculating the representative band power in the
period designated by the period designator 203 for the pre-
determined plurality of frequency bands on the basis of the
bioacoustic sound that has been_subjected to frequency
analysis using the frequency analyzer 202.

[0050] The frequency analyzer 202 performs frequency
analysis using, for example, fast Fourier transform. The
period designator 203 designates a period to be used for the
analysis performed using the period representative band
power calculator 204 described later. The period to be desig-
nated may merely be designated under the conditions that
inhalation is performed, that the level of the sound is appro-
priate and that noise is low and so on, and the professional
knowledge of a medical doctor is not required. Extraction of
the period can be made automatically by executing a program
so that the above-mentioned conditions are satisfied. Further-
more, the respiration period may be designated manually
through GUI (Graphical User Interface) or the like.

[0051] The period representative band power calculator
204 calculates the power representing the period designated
by the period designator 203, for example, for each of 15
bands (bands having central frequencies of 100 Hz, 200 Hz,
300 Hz, . .., 1300 Hz, 1400 Hz and 1500 Hz and having a
bandwidth of 100 Hz). For example, powers in analysis frame
unit for frequency analysis are averaged throughout analysis
frames included in the period. In this case, since the width of
each band is 100 Hz, the band having a central frequency of
100 Hz ranges from 50 to 150 Hz, the band having a central
frequency of 200 Hz ranges from 150 to 250 Hz, the band
having a central frequency of 300 Hz ranges from 250 to 350
Hz, . ..., the band having a central frequency of 1300 Hz
ranges from 1250 to 1350 Hz, the band having a central
frequency of 1400 Hz ranges from 1350 to 1450 Hz, and the
band having a central frequency of 1500 Hz ranges from 1450
to 1550 Hz. The “15” frequency bands are just taken as
examples and the number of the frequency bands may be
larger or smaller than 15. Moreover, the bandwidth is not
limited to 100 Hz but may be variable for each band. Also, in
asimilar way, the period representative band power calculator
204 calculates the period representative band powers of eight
bands having central frequencies of 300 Hz, 400 Hz, 500 Hz,
600 Hz, 700 Hz, 800 Hz, 900 Hz and 1000 Hz. These eight
bands are bands reflecting the speed of respiration. The
“eight” frequency bands are just taken as examples and the
number of the frequency bands may be larger or smaller than
eight.

[0052] Still further, in a similar way, the period representa-
tive band power calculator 204 calculates the period repre-
sentative band powers of three bands having central frequen-
cies of 1300 Hz, 1400 Hz and 1500 Hz. These three bands are
bands reflecting a specific change in the living body. More
specifically, the difference between the power after the medi-
cation of bronchodilator and the power after the medication of
anti-inflammatory agent is large in the bands. The “three”
frequency bands reflecting the specific change in the living
body are just taken as examples and the number of the fre-
quency bands may be larger or smaller than three.

[0053] After calculating the band powers of the 15 bands at
the central frequencies of 100 to 1500 Hz, the period repre-
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sentative band power calculator 204 outputs the calculated
band powers of the 15 bands to the corrected power calculator
503 of the index value calculator 5. Furthermore, after calcu-
lating the band powers of the eight bands at the central fre-
quencies of 300 to 1000 Hz, the period representative band
power calculator 204 outputs the calculated band powers of
the eight bands to the respiratory airflow reflecting power
calculator 3 included in the reference power calculator 8.
Moreover, after calculating the band powers of the three
bands at the central frequencies of 1300 to 1500 Hz, the
period representative band power calculator 204 outputs the
calculated band powers of the three bands to the specific
change reflecting power calculator 4 included in the reference
power calculator §.

[0054] Therespiratory airflow reflecting power calculator 3
calculates respiratory airflow reflecting power by averaging
the band powers of the eight bands serving as bands reflecting
the respiratory airflow. In this embodiment, although the
bands reflecting the respiratory airflow in the respiratory air-
flow reflecting power calculator 3 have frequencies ranging
from 250 Hz or more to 1050 Hz or less (from a central
frequency of 300 to 1000 Hz), the bands may at least partially
include any of frequencies ranging from 250 or more to 1050
Hz or less. The specific change reflecting power calculator 4
calculates specific change reflecting power by averaging the
band powers of the three bands serving as bands reflecting the
specific change other than the respiratory airflow. In this
embodiment, although the bands reflecting the specific
change in the specific change reflecting power calculator 4
have frequencies ranging from 1250 or more to 1550 Hz or
less (from a central frequency of 1300 to 1500 Hz), the bands
may at least partially include any of frequencies ranging from
1250 or moreto 1550 Hz or less. Furthermore, operation other
than averaging may also be used as the operation for calcu-
lating the respiratory airflow reflecting power and the specific
change reflecting power.

[0055] The index value calculator 5 is used to calculate at
least one index value from the respiratory airflow reflecting
power calculated by the respiratory airflow reflecting power
calculator 3, the specific change reflecting power calculated
by the specific change reflecting power calculator 4 and the
band power calculated by the band power calculator 2, and
includes a prediction coefficient storage 501 for holding a
prediction coefficient for each band to predict a predicted
value for each band; a predicted value calculator 502 for
calculating a predicted value for each band on the basis of the
respiratory airflow reflecting power, the specific change
reflecting power and the prediction coefficient for each band;
the corrected power calculator 503 for calculating corrected
power for each band by subtracting the predicted value for
each band from the representative band power for each band,
and an index value calculator 504 for calculating the index
value on the basis of the corrected power for each band.
Personal profile (for example, physical constitution, age, and
medication situation) may be input to the predicted value
calculator 502. Although respiratory sound is generally influ-
enced by the level of the power of each band depending on the
respiratory airflow, the degree ofthe influence differs for each
band, and the influence of factors other than the respiratory
airflow also differs for each band. In this embodiment, the
power in a band susceptible to the influence of the respiratory
airflow or the like is set to reference power and a standard
power value corresponding to the reference power is pre-
dicted so that the desired information on the state of the
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respiratory tractremains in the difference (predictive residue)
between the predicted value and the measured value and so
that the influence of the other factors is eliminated. The ref-
erence power may metrely be calculated on the basis of the
respiratory airflow reflecting power calculated by the respi-
ratory airflow reflecting power calculator 3 and the specific
change reflecting power calculated by the specific change
reflecting power calculator 4. In other words, the reference
power is calculated by the reference power calculator 8.
[0056] The display 6 has a displaying means, such as a
liquid crystal display device or an organic EL display device,
and displays the index values in a visible mode. In the case
that the index values are displayed together with the samples
of the past index values stored, the comparison among the
index values can be performed. For example, the display plots
two or more index values along a time axis. Furthermore, the
display displays two index values as a two-dimensional map
and displays the index values along time series by connecting
measurement points.

[0057] Next, the operation of the bioacoustic sound testing
device 1 according to this embodiment will be described.
[0058] FIG.2isaflow chartillustrating the operation of the
bioacoustic sound testing device 1 according to this embodi-
ment. In the figure, the band power calculator 2 first calculates
the band power in a predetermined period for the predeter-
mined plurality of frequency bands on the basis of bioacoustic
sound (at step S1). In other words, the band power calculator
2 sequentially executes the step of measuring the bioacoustic
sound at one point on the chest ofthe living body (bioacoustic
sound measurement step), the step of performing frequency
analysis for the measured bioacoustic sound (frequency
analysis step), the step of manually designating the period to
be analyzed from among the plurality of respiration periods
through GUI or the like or automatically designating the
period on the basis of a predetermined program (period des-
ignation step), the step of calculating the representative band
power in the designated period for the predetermined plural-
ity of frequency bands on the basis of the bioacoustic sound
that has been_subjected to frequency analysis (period repre-
sentative band power calculation step). In this case, the fre-
quency bands are 15 bands (hereafter simply referred to as
“15 bands™) having central frequencies of 100, 200, .. ., 1500
Hz and having a bandwidth of 100 Hz. The stethoscopic
diagnosis position on the chestincludes not only a position on
the front face of the living body but also a position on the rear
face or a side face thereof.

[0059] After calculating the band power of the bioacoustic
sound, the band power calculator 2 outputs the band powers
of the bands having central frequencies of 300 to 1000 Hz and
strongly reflecting the respiratory airflow among the 15 bands
and the band powers of the bands having central frequencies
0f 1300 to 1500 Hz and strongly reflecting the specific change
in the living body (for example, the change due to respiratory
tract stenosis or the differences between respiratory tract
inflammation and respiratory tract stenosis) to the reference
power calculator 8. On the basis of these band powers, the
reference power calculator 8 calculates the reference power
(at step S2). In other words, the reference power calculator 8
executes a reference power calculation step. The calculated
reference power is then output to the index value calculator 5.
[0060] More specifically, the respiratory airflow reflecting
power calculator 3 calculates the respiratory airflow reflect-
ing power on the basis of the band powers of the bands having
central frequencies of 300 to 1000 Hz. In other words, the
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respiratory airflow reflecting power calculator 3 calculates
the respiratory airflow reflecting power by averaging the res-
piratory airflow values of the bands reflecting the respiratory
airflow among the 15 bands. The calculated respiratory air-
flow reflecting power is then output to the index value calcu-
lator 5.

[0061] Furthermore, the specific change reflecting power
calculator 4 calculates the specific change reflecting power on
the basis of the band powers of the bands having central
frequencies of 1300 to 1500 Hz. In other words, the specific
change reflecting power calculator 4 calculates the specific
change reflecting power by averaging the specific change
values of the bands reflecting the specific change among the
15 bands. The calculated specific change reflecting power is
then output to the index value calculator 5.

[0062] On the basis of the reference power (the respiratory
airflow reflecting power and the specific change reflecting
power) calculated by the reference power calculator 8 and the
band power calculated by the band power calculator 2, the
index value calculator 5 calculates one or more index values
(at step S3). In other words, the index value calculator 5
sequentially executes the step of reading the prediction coef-
ficient for each band to predict the predicted value for each
band (prediction coefficient reading step); the step of calcu-
lating the predicted value for each band on the basis of the
respiratory airflow reflecting power, the specific change
reflecting power and the prediction coefficient for each band
(predicted value calculation step); the step of calculating the
corrected power for each band by subtracting the predicted
value for each band from the representative band power for
each band (corrected power value calculation step); and the
step of calculating at least one index value on the basis of the
corrected power for each band (index value calculation step).
The index value calculated by the index value calculator 5 is
obtained as a single corrected power value or as the linear sum
of a plurality of corrected powers.

[0063] Itmay be possible that a plurality of inhalation peri-
ods are designated at step S1 and that a representative value
(for example, a median value) is determined from among the
index values for the designated periods at step S3.

[0064] Next, the features of the bioacoustic sound testing
device 1 according to this embodiment will be described in
detail.

[0065] FIG. 3 is a view illustrating the examples of the
bands reflecting the respiratory airflow. In the figure, the
horizontal axis represents the band (central frequency) and
the vertical axis represents the partial regression coefficient
for respiratory airflow. The measurement of bioacoustic
sound was performed on both the cervical region and the
chest, and at the same time, respiratory airflow was measured
using a respiration flow meter. In particular, the sound from
the chest was measured at the second intercostal space on the
median line of the right clavicle. Multiple regression analysis
for the power at the measurement position and for each band
depending on the respiratory airflow and the height was per-
formed using the data of 61 people, and partial regression
coefficients for the respiratory airflow were obtained. As
shown in the figure, it was found that, although the respiratory
airflow dependency of the power at the cervical region is high
up to the high-frequency range, the respiratory airflow depen-
dency of the power at the chest is low in the low and high
frequency ranges with 600 Hz at the center. The band W1
reflecting the respiratory airflow in the power at the chest is,
for example, in the range from 300 to 1000 Hz.
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[0066] FIG. 4 is a view illustrating examples of the bands
reflecting a specific change in the state of the respiratory tract.
In the figure, the horizontal axis represents the band (central
frequency) and the vertical axis represents the effect size for
the specific change. This figure shows the effect size obtained
for each band in the case that the respiratory sound after the
medication in a group (20 people) having been improved by
daily controller medication is compared with the respiratory
sound after the medication in a group (19 people) whose
respiratory tracts were dilated using only bronchodilator
medication. As shown in the figure, it is found that the effect
size is relatively large in a band W2 ranging from 1300 to
1500 Hz. In this band W2, the power of the respiratory sound
improved by daily controller medication tends to be higher
than those in the other bands in comparison with the state
before the medication; and depending on the type of bron-
chodilator, the power tends to be lower than those in the other
bands in comparison with that the state before the medication;
the trend becomes opposite.

[0067] In the case that the power of the band in which the
difference between the respiratory sound improved by daily
controller medication and the respiratory sound obtained
after the respiratory tract was dilated by only bronchodilator
medication is large is set to the specific change reflecting
power and that the power obtained by linear operation in the
direction of adding the respiratory airflow reflecting power to
the specific change reflecting power is set to the reference
power, the index value emphasizing the change in the respi-
ratory sound due to the improvement in chronic inflammation
can be calculated. Conversely, in the case that the power
obtained by linear operation in the direction of subtracting the
specific change reflecting power from the respiratory airflow
reflecting power is set to the reflecting power, the index value
emphasizing the change in the respiratory sound due to the
improvement in respiratory tract stenosis can be calculated.

[0068] FIG. 5 is a view illustrating an example indicating
the state of correction. In this embodiment, the correction is
performed for the 15 bands on the basis of the reference
power, and the index value is obtained from the corrected
power for each band. The reference power is commonly used
for the 15 bands. The 15 bands in which the correction is
performed include 700 Hz and 1400 Hz. FIG. 5 exemplifies
the correction of the power particularly at the central fre-
quency of 700 Hz.

[0069] A method for obtaining the prediction coefficient
will herein be described. Prior to the use of the bioacoustic
sound testing device according to this embodiment, it is
assumed that numerous respiratory sound samples of medical
cases not diagnosed with asthma by medical doctors or medi-
cal cases diagnosed with asthma but being good in the state of
the respiratory tract have been collected and adopted as the
standard respiratory sound. The standard value (the value of
the band power value in the standard state) can be obtained by
analyzing the relationship between the power at the single
band of 700 Hz and the reference power based on the plurality
of bands. Various methods, such as regression analysis, are
available as analysis methods, and a parameter representing
physical constitution, such as height, and a parameter repre-
senting age may be used additionally in addition to the refer-
ence power. Furthermore, it may also be possible that the
reference power is divided into a plurality of zones depending
on the level thereof, that representative values based on the
least-squares method are determined for the respective zones,
and that the representative values are connected. These
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numerical values representing the relationship between the
reference power and the standard value of the band power,
such as the coefficients by regression analysis and the repre-
sentative values for the respective zones, are referred to as
prediction coefficients.

[0070] Since the power of a single band usually becomes
larger as the reference power becomes larger, a monotonous
increase relationship is obtained. Although the relationship is
generally linear, the relationship is non-linear ifit is observed
minutely. First, an example in the case that the respiratory
airflow reflecting power is set to the reference power is
shown. Referring to FIG. 5, the horizontal axis represents the
reference power (dB) and the horizontal axis represents the
value (dB) of the band power at 700 Hz. Furthermore, each
“dot” in the figure indicates a measurement sample. More-
over, two “black circles” indicate measured value P1 and
predicted value P2 to which attention is paid for explanation.
The predicted value P2 is the standard value predicted from
the reference power. The predictive residue S obtained by
calculating the difference between the measured value P1 and
the predicted value P2 is the corrected power. Since the
residual is obtained from the predicted value that is assumed
to be attained in the standard state of the respiratory tract, the
difference from the standard state is represented by a numeri-
cal value. In this example, the reference power of correction
(a) is used. The correction (a) is used to reduce the influence
due to respiratory airflow. It has been confirmed from data
that the predictive residue obtained by using the reference
power of this correction hardly has respiratory airflow depen-
dency, physical constitution dependency and age depen-
dency.

[0071] The reference power of the correction (a): base_
pow=Fpow
[0072] wherebase_pow represents the reference power and

Fpow represents the respiratory airflow reflecting power.

[0073] Next, a case in which two kinds of reference powers
are used will be described as an example. Two or more kinds
of reference powers can be used for the correction. When a
case (“white circle P3”) is considered in which the expression
of the reference power is modified and the reference power
has increased, as the reference power increases, the predicted
value also increases, but the power of a single band remains
unchanged, whereby the predictive residue S decreases. Con-
versely, the predictive residue S increases when the reference
power decreases. Expressions in which the specific change
reflecting power is added or subtracted to increase or decrease
the reference power are the expressions of the reference
power of the correction (b) and the reference power of the
correction (¢). However, it is necessary to prepare a predicted
value corresponding to the expression of the reference power
after the modification. The correction (b) is used to reduce the
influence of respiratory airflow and the influence of respira-
tory tract stenosis, and the correction (c) is used to reduce the
influence of respiratory airflow and to emphasize the influ-
ence of respiratory tract stenosis.

The reference power of the correction (b): base_
pow=Fpow+0.3xNpow

The reference power of the correction (c): base_
pow=Fpow-0.2xNpow

[0074] where base_pow represents the reference power,
Fpow represents the respiratory airflow reflecting power, and
Npow represents the specific change reflecting power.
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[0075] The band in which the specific change reflecting
power is decreased by the effect of bronchodilator (the
improvement of respiratory tract stenosis) is the band in
which the specific change reflecting power is increased by the
effect of anti-inflammatory agent (the improvement of respi-
ratory tract inflammation); hence, in the correction (b) in
which the weighted addition of the specific change reflecting
power to the respiratory airflow reflecting power is pet-
formed, the power after the correction tends to increase due to
the improvement of respiratory tract stenosis and the power
after the correction tends to decrease due to the improvement
of respiratory tract inflammation. Furthermore, in the correc-
tion (¢) in which the weighted subtraction of the specific
change reflecting power from the respiratory airflow reflect-
ing power is performed, the power after the correction tends
to decrease due to the improvement of respiratory tract steno-
sis and the power after the correction tends to increase due to
the improvement of respiratory tract inflammation.

[0076] The weights of the calculation expressions of the
correction (b) and the correction (¢) were adjusted to the
extent that the change due to 2 stimulant becomes 0 in
average in the correction (b) and to the extent that the change
due to anti-inflammatory agent becomes 0 in average in the
correction (c). The weights of the correction (b) and the
correction (c) were set, for example, to “0.3” for the correc-
tion (b) and to “0.2” for the correction (c). Hence, it is
assumed that the index value (b) obtained by the correction
(b) mainly represents the degree of respiratory tract inflam-
mation and that the index value (¢) obtained by the correction
(c) mainly represents the degree of respiratory tract stenosis.
[0077] As described above, the correction can be per-
formed by preparing a plurality of reference power calcula-
tion expressions and by obtaining standard values corre-
sponding thereto. In addition, standard values are also
obtained similarly beforehand for each single band other than
700 Hz and correction is performed. Also in the correction
(b), the degree of respiratory tract stenosis is expressed in a
band in which the power increases due to the deterioration of
respiratory tract stenosis, for example, the 1400 Hz band. In
other words, the standard values exist in the number of indi-
vidual bands for each definition of the reference power. How-
ever, for bands that are not used in the end, operation is not
required to be performed and parameters are not required to
be stored.

[0078] As a modification of the correction (b), the average
value of the powers of wide bands (for example, 300 to 1500
Hz and 200 to 1500 Hz) including the respiratory airflow
reflecting power band and the specific change reflecting
power band may be set as the reference power. In addition, in
the case that noise tends to be included in a band, the band
may be eliminated or interpolation may be performed by
using the powers of the adjacent bands.

[0079] Furthermore, the effects obtained by the correction
(c) and the correction (b) are also obtained respectively when
the power value at 700 Hz after the correction and the power
value at 1400 Hz after the correction are subjected to
weighted addition or weighted subtraction.

[0080] The index value can be used properly depending on
the contents of medication.

[0081] Furthermore, the “15” frequency bands are just
taken as examples and the frequency bands may be defined
otherwise.

[0082] When the correction is performed similarly at 1400
Hzas in the example at 700 Hz shown in FIG. 5, the correction
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is performed for the two bands (700 Hz and 1400 Hz) on the
basis of the common reference power (correction (a)) and the
respective corrected powers are used as index values; how-
ever, the correction may also be performed for one band (for
example, 700 Hz) on the basis of each of two or more kinds of
reference powers (for example, the reference powers of the
correction (b) and the correction (c)) and the respective cor-
rected powers may be used as index values. In this case, the
two or more kinds of reference powers include the reference
power that is based on the weighted addition of the respiratory
airflow reflecting power and the specific change reflecting
power and also include the reference power that is based on
the weighted subtraction between the respiratory airflow
reflecting power and the specific change reflecting power.

[0083] FIG. 6 is a graph illustrating the frequency depen-
dency of the power (average value) after the correction by the
correction (a). Furthermore, FIG. 7 is a box plot illustrating
the frequency dependency of power distribution after the
correction by the correction (a). In addition, FIG. 8 is a graph
illustrating the frequency dependency of the power (average
value) after the correction by the correction (b). Furthermore,
FIG. 9 is a box plot illustrating the frequency dependency of
the power distribution after the correction by the correction
(b). The figures respectively indicate the statistics of “11”
medical cases at the start time of the medication of long-term
controller and after one month from the start of the medica-
tion. When the average values before and after the medication
are compared referring to FIGS. 6 and 8, the powers are
decreased in the low and middle bands before and after the
medication; however, there is no significant difference in the
amount of the change in any of the bands from 300 to 700 Hz.
When FIG. 6 and FIG. 8 are compared, the difference in the
correction (b) is larger than that in the correction (a) at up to
700 Hz. On the other hand, referring to FIGS. 7 and 9, varia-
tion is small particularly at 700 Hz and there is little overlap-
ping of distribution before and after the medication; hence, it
1s found that attention should be paid particularly to the value
at 700 Hz as the index value. When FIG. 7 and FIG. 9 are
compared, the overlapping of distribution of corrected pow-
ers in the correction (b) is less than that in the correction (a).

[0084] FIG. 10 is a view illustrating examples indicating
changes in index value depending on the type of medicine ((1)
anti-inflammatory agent, (2) medical compound of anti-in-
flammatory agent and bronchodilator, and (3) both anti-in-
flammatory agent and the medical compound). In the figure,
the index value (a) is an index value in which the influence of
respiratory airflow is reduced, the index value (b) is an index
value in which the influence of respiratory airflow and the
influence of respiratory tract stenosis are reduced, the index
value (c) is an index value in which the influence of respira-
tory airflow is reduced and the influence of respiratory tract
stenosis is emphasized, and the index value (d) is the average
value of the index value (b) and the index value (c). The figure
shows the distributions of the index values at the start time of
the medication and after one month from the start of the
medication for each type of medicine, and individual medical
cases are connected using dotted lines. In the index value (a),
the directions of changes of the index value before and after
the medication are divergent, but in the index value (b), a
constant trend is found in the change in each medical case
regardless of the type of medicine. Since the index value (d)
is similar to the index value (a), it can be interpreted that the
index value (b) and the index value (c) have been acquired by
classifying the index value (a) from different viewpoints. In
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other words, it is assumed that the change due to the improve-
ment of inflammation have been extracted in the index value
(b) by eliminating the influence of respiratory tract stenosis.
[0085] As the daily control state of the respiratory tract, it is
desired to know whether the control of inflammation is suc-
cessful, instead of knowing whether the respiratory tract has
been dilated using bronchodilator. Bronchodilator literally
has the action of dilating the respiratory tract and changes the
physical characteristics of the respiratory tract serving as an
acoustic tube, whereby the respiratory sound is also changed.
However, the control state of the inflammation and the control
state of the stenosis are mixed in the state of the respiratory
tract appearing in the respiratory sound. In this respect, since
the influence of respiratory tract stenosis can be eliminated in
the present disclosure, it is possible to know whether the
control of the inflammation is successful.

[0086] FIG.11 is aview illustrating the difference between
the index value (a) and the index value (b). As shown in the
figure, the effect size d in the index value (a) was “0.86” and
the effect size d in the index value (b) was “2.117. In this way,
the effect size relating to the difference between the average
values of the index values before and after the medication was
greatly improved from “0.86” to “2.11”.

[0087] FIG. 12 is a view illustrating examples of analysis
maps generated using a plurality of index values. In the figure,
the respective views on the upper stage are two-dimensional
maps in which the index value (b) at 700 Hz and the index
value (c) at 700 Hz are used, and the respective views on the
lower stage are two-dimensional maps in which the index
value (b) at 700 Hz and the index value (c) at 1400 Hz are
used. In the views on the lower stage, the group G1 is a group
medicated with long-term controller, and the distribution of
the index values before the medication (indicated in thin line
M1) is different from the distribution of the index values after
one month (indicated in thick line M2). The index values are
moved to the left due to the improvement of the state. Group
G2 is a group medicated with 132 stimulant, and the distri-
bution of the index values before the medication (indicated in
thin line M1) is different from the distribution of the index
values after 20 minutes (indicated in thick line M2). The
index values are moved downward due to the improvement of
the state. Group G3 is a group subjected to spirometry, and the
distribution of the index values in the case that the value of
V50is less than 80 (indicated in thin line M1) is different from
the distribution of the index values in the case that the value of
V50 is equal to or higher than 80 (indicated in thick line M2).
The index values indicating bad states are distributed in the
upper right portion. The views on the upper stage are similar
to the views on the lower stage in that the movement of the
index values is different in the respective groups although the
movement along the vertical axis is different.

[0088] FIG. 13 is a view illustrating an example in which
the index values are displayed. As shown in the figure, the
display 6 of the bioacoustic sound testing device 1 according
to this embodiment displays the current index values together
with the past index value samples having been stored. It is
possible to support the multilateral evaluation of the change
in the state of the respiratory tract by tracking two index
values for the same person to be measured in time series. In
the example shown in the figure, respiratory tract inflamma-
tion was improved first and then respiratory tract stenosis was
improved.

[0089] FIG. 14 is a view illustrating another example in
which the index values are displayed. As shown in the figure,
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two indexes are separated to the X-axis and the Y-axis, and
numerous measurement samples are plotted in the back-
ground, and the locus of the change in the index value of a
specific person to be measured is plotted, whereby the posi-
tions of the index values in the entire distribution can be
clarified.

[0090] As described above, the bioacoustic sound testing
device 1 according to this embodiment calculates the band
power in the 15 frequency bands having a bandwidth of 100
Hz and ranging from 100 to 1500 Hz (central frequencies) on
the basis of the bioacoustic sound obtained at one point on the
chest; calculates the band powers of the eight bands ranging
from 300 to 1000 Hz reflecting the respiratory airflow and the
band powers of the three bands ranging from 1300 to 1500 Hz
reflecting the specific change of the living body, from among
the 15 bands ranging from 100 to 1500 Hz; calculates the
respiratory airflow reflecting power by averaging the band
powers of the bands reflecting the respiratory airflow; calcu-
lates the specific change reflecting power by averaging the
band powers of the bands reflecting the specific change;
obtains the reference power by the linear sum of the calcu-
lated respiratory airflow reflecting power and the calculated
specific change reflecting power; calculates the difference
between the predicted value corresponding to the reference
power and the band power for each band as the corrected
power; and calculates at least one index value on the basis of
the corrected power, whereby an index value properly reflect-
ing the state of the respiratory tract can be obtained while the
number of the sensors for measuring the bioacoustic sound is
reduced. Furthermore, since the number of the sensors can be
reduced, the operation of the apparatus is simplified.

[0091] Although linear operations have been described as
examples of the operations in this embodiment, the opera-
tions may include non-linear operations, such as logarithmic
and exponential operations.

[0092] Furthermore, the bioacoustic sound testing device 1
according to this embodiment can be achieved using a pro-
prietary circuit configuration or can be achieved using a con-
figuration including a computer. It is also possible to divide
processing between the terminal and the cloud.

[0093] Moreover, the program shown in FIG. 2 can be
stored in storage media, such as a magnetic disk, an optical
disk, a magneto-optical disk or a semiconductor memory
device and distributed. The program can also be downloaded
via a network.

[0094] Although the present disclosure has been described
in detail referring to the specific embodiments, it is obvious to
those skilled in the art that the present disclosure can be
changed and modified variously without departing from the
spirit and scope of the present disclosure.

[0095] The present disclosure has an effect capable of
obtaining an index value properly reflecting the state of the
respiratory tract while the number of the sensors for measur-
ing bioacoustic sound is reduced, and is applicable to medical
apparatuses for supporting the estimation of the state of a
living body.

1. A bioacoustic sound testing device comprising;

a band power calculator that calculates a band power in a
predetermined period for each of a plurality of predeter-
mined frequency bands on the basis of a bioacoustic
sound;

a reference power calculator that calculates a respiratory
airflow reflecting power on the basis of a band power of
a band reflecting a respiratory airflow and at least par-
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tially including any of frequencies ranging from 250 Hz
or more to 1050 Hz or less, calculates a specific change
reflecting power on the basis of a band power of a band
reflecting a specific change in a living body and at least
partially including any of frequencies ranging from
1250 Hz or more to 1550 Hz or less, and calculates a
reference power on the basis of the respiratory airflow
reflecting power and the specific change reflecting
power; and

an index value calculator that calculates at least one index
value on the basis of the reference power and the band
powers of the plurality of predetermined frequency
bands.

2. The bioacoustic sound testing device according to claim

1, wherein the index value calculator comprises:
a predicted value calculator that calculates a predicted
value for each of the bands on the basis of at least the
reference power; and
a corrected power calculator that calculates a corrected
power for each of the bands by subtracting the predicted
value for each of the bands from the band power for each
of the bands; and
wherein the index value calculator calculates an index
value on the basis of the corrected power.
3. The bioacoustic sound testing device according to claim
2, wherein the bands where correction is performed include
700 Hz and 1400 Hz.

4. The bioacoustic sound testing device according to claim
1, wherein the index value calculator performs correction for
one band on the basis of each of two or more kinds of refer-
ence powers and sets each corrected power as the index value.
5. The bioacoustic sound testing device according to claim
4, wherein the two or more kinds of reference powers include
a reference power based on weighted addition of respiratory
airflow reflecting power and specific change reflecting power
and a reference power based on weighted subtraction between
the respiratory airflow reflecting power and the specific
change reflecting power.
6. The bioacoustic sound testing device according to claim
1, further comprising:

a display that displays the index value.

7. The bioacoustic sound testing device according to claim
6, wherein the display plots two or more kinds of index values
along a time axis.

8. The bioacoustic sound testing device according to claim

6, wherein the display displays two kinds of index values as a
two-dimensional map and displays the two kinds of index
values along time series by connecting measurement points.

9. The bioacoustic sound testing device according to claim

2, wherein the index value calculator calculates the index
value on the basis of a linear sum of two or more corrected
powers.

10. The bioacoustic sound testing device according to

claim 2, wherein the predicted value calculator predicts a
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standard value of the band power corresponding to the refer-
ence power on the basis of a measurement sample in a stan-
dard state.

11. The bioacoustic sound testing device according to
claim 1, wherein the band power calculator comprises:

a frequency analyzer that performs frequency analysis for

a measured bioacoustic sound;

a period designator that designates a period to be analyzed

among from a plurality of respiration periods; and

a period representative band power calculator that calcu-

lates a representative band power in the period desig-
nated by the period designator for the plurality of pre-
determined frequency bands on the basis of the
bioacoustic sound subjected to frequency analysis using
the frequency analyzer.

12. The bioacoustic sound testing device according to
claim 11, further comprising:

a bioacoustic sound measurer that measures the bioacous-

tic sound at one point on a chest of a living body.

13. The bioacoustic sound testing device according to
claim 1, wherein the band reflecting the specific change is a
band in which a difference between a power after a medica-
tion of bronchodilator and a power after the medication of
anti-inflammatory agent is large.

14. The bioacoustic sound testing device according to
claim 1, wherein the reference power is an average value of
the powers of continuous wide bands including the band
reflecting the respiratory airflow and the band reflecting the
specific change.

15. The bioacoustic sound testing device according to
claim 14, wherein the reference power is an average value of
the powers of the bands including frequencies ranging from
150 Hz or more to 1550 Hz or less.

16. A bioacoustic sound testing method comprising;

calculating a band power in a predetermined period for

each of a plurality of predetermined frequency bands on
the basis of a bioacoustic sound;
calculating a respiratory airflow reflecting power on the
basis of a band power of a band reflecting a respiratory
airflow and atleast partially including any of frequencies
ranging from 250 Hz or more to 1050 Hz or less;

calculating a specific change reflecting power on the basis
of a band power of a band reflecting a specific change in
a living body and at least partially including any of
frequencies ranging from 1250 Hz or more to 1550 Hz or
less; and

calculating a reference power on the basis of the respiratory

airflow reflecting power and the specific change reflect-
ing power; and

calculating at least one index value on the basis of the

reference power and the band powers of the plurality of
predetermined frequency bands.
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