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BIOLOGICAL SOUND ANALYZING

APPARATUS, BIOLOGICAL SOUND

ANALYZING METHOD, COMPUTER
PROGRAM, AND RECORDING MEDIUM

TECHNICAL FIELD

[0001] The present invention relates to a biological sound
analyzing apparatus and a biological sound analyzing
method for analyzing biological sounds, such as, for
example, breath sounds, a computer program, and a record-
ing medium.

BACKGROUND ART

[0002] For this type of apparatus, there is known an
apparatus configured to distinguish between normal breath
sounds and abnormal breath sounds, regarding breath
sounds detected by an electronic stethoscope or the like. For
example, in Patent Literature 1, there is proposed a method
of dividing sounds into normal breath sounds and continu-
ous pulmonary adventitious sounds on the basis of local
variance values on a spectrum. In Patent Literature 2, there
is proposed a method of determining the degree of abnor-
mality of a respiratory state on the basis of the degree of
correlation with a preset model. In Patent Literature 3, there
is proposed a method of approximating a spectrum shape by
using a mixture Gaussian distribution and determining an
abnormal breath sound type.

CITATION LIST

[0003] Patent Literature

[0004] Patent Literature 1: Japanese Patent Application
Laid Open No. 2004-357758

[0005] Patent Literature 2: Japanese Patent Application
Laid Open No. 2012-120688

[0006] Patent Literature 3: Japanese Patent Application
Laid Open No. 2013-123495

SUMMARY OF INVENTION

Technical Problem

[0007] In the technologies described in the Patent Litera-
tures 1 to 3 described above, however, if a plurality of
abnormal breath sounds are mixedly heard (in particular, if
the plurality of abnormal breath sounds overlap on the same
frequency axis), it is hard to divide and detect the abnormal
breath sounds, which is technically problematic.

[0008] Problems to be solved by the present invention
include the aforementioned technical problem as one
example. It is therefore an object of the present invention to
provide a biological sound analyzing apparatus and a bio-
logical sound analyzing method in which a plurality of
sound types included in biological sounds can be preferably
analyzed, a computer program, and a recording medium.

Solution to Problem

[0009] The above object of the present invention can be
achieved by a biological sound analyzing apparatus com-
prising: an obtaining device configured to obtain informa-
tion regarding frequency corresponding to predetermined
characteristics of a spectrum of biological sounds; a shifting
device configured to shift a plurality of reference spectra,
which are references for classifying the biological sounds, in
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accordance with the information regarding the frequency,
and configured to obtain frequency-shifted reference spec-
tra; and an outputting device configured to output a ratio of
each of the plurality of reference spectra included in the
biological sounds on the basis of the biological sounds and
the frequency-shifted reference spectra.

[0010] The above object of the present invention can be
achieved by a biological sound analyzing method compris-
ing: an obtaining process of obtaining information regarding
frequency corresponding to predetermined characteristics of
a spectrum of biological sounds; a shifting process of
shifting a plurality of reference spectra, which are references
for classifying the biological sounds, in accordance with the
information regarding the frequency, and obtaining fre-
quency-shifted reference spectra; and an outputting process
of outputting a ratio of each of the plurality of reference
spectra included in the biological sounds on the basis of the
biological sounds and the frequency-shifted reference spec-
tra.

[0011] The above object of the present invention can be
achieved by a computer program product for making a
computer perform: an obtaining process of obtaining infor-
mation regarding frequency corresponding to predetermined
characteristics of a spectrum of biological sounds; a shifting
process of shifting a plurality of reference spectra, which are
references for classifying the biological sounds, in accor-
dance with the information regarding the frequency, and
obtaining frequency-shifted reference spectra; and an out-
putting process of outputting a ratio of each of the plurality
of reference spectra included in the biological sounds on the
basis of the biological sounds and the frequency-shifted
reference spectra.

[0012] The above object of the present invention can be
achieved by a recording medium on which the computer
program product described above is recorded.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram illustrating an entire
configuration of a biological sound analyzing apparatus
according to an example.

[0014] FIG. 2 is a flowchart illustrating operations of the
biological sound analyzing apparatus according to the
example.

[0015] FIG. 3 is a spectrogram illustrating a frequency
analysis result of breath sounds including fine crackles.
[0016] FIG. 4 is a spectrogram illustrating a frequency
analysis result of breath sounds including wheezes.

[0017] FIG. 5 is a graph illustrating a spectrum in prede-
termined timing of the breath sounds including the fine
crackles.

[0018] FIG. 6 is a conceptual diagram illustrating a
method of approximating the spectrum of the breath sounds
including fine crackles.

[0019] FIG. 7 is a graph illustrating a spectrum in prede-
termined timing of the breath sounds including wheezes.
[0020] FIG. 8 is a conceptual diagram illustrating a
method of approximating the spectrum of the breath sounds
including wheezes.

[0021] FIG. 9 is a graph illustrating one example of a
frequency analyzing method.

[0022] FIG. 10 is a graph illustrating one example of a
frequency analysis result.

[0023] FIG. 11 is a conceptual diagram illustrating a
spectrum peak detection result.



US 2017/0135670 Al

[0024] FIG. 12 is a graph illustrating a basis of normal
vesicular sounds.

[0025] FIG. 13 is a graph illustrating a basis of fine
crackles.
[0026] FIG. 14 is a graph illustrating a basis of continuous

pulmonary adventitious sounds.

[0027] FIG. 15 is a graph illustrating a basis of white
noise.
[0028] FIG. 16A to FIG. 16D are graph illustrating fre-

quency-shifted bases of continuous pulmonary adventitious
sounds.

[0029] FIG. 17 is a diagram illustrating a relation among
a spectrum, each basis, and a coupling coefficient.

[0030] FIG. 18 is a diagram illustrating one example of an
observed spectrum and bases used for approximation.
[0031] FIG. 19 is diagrams each of which illustrates the
coupling coefficient and each basis indicating the spectrum.
[0032] FIG. 20 is a plan view illustrating a display
example on a display unit.

[0033] FIG. 21 is a spectrogram illustrating an example of
extraction of wheezes.

DESCRIPTION OF EMBODIMENTS

[0034] <I1>

[0035] A biological sound analyzing apparatus according
to an embodiment provide with: an obtaining device con-
figured to obtain information regarding frequency corre-
sponding to predetermined characteristics of a spectrum of
biological sounds; a shifting device configured to shift a
plurality of reference spectra, which are references for
classifying the biological sounds, in accordance with the
information regarding the frequency, and configured to
obtain frequency-shifted reference spectra; and an output-
ting device configured to output a ratio of each of the
plurality of reference spectra included in the biological
sounds on the basis of the biological sounds and the fre-
quency-shifted reference spectra.

[0036] According to the biological sound analyzing appa-
ratus in the embodiment, in its operation, the information
regarding the frequency corresponding to the predetermined
characteristics of the spectrum of biological sounds is firstly
obtained. The “biological sounds” herein mean sounds gen-
erated from a living body, such as breath sounds, heartbeat
sounds, and bowel sounds. Moreover, the “predetermined
characteristics” mean characteristics generated at particular
frequencies in accordance with sound types included in the
spectrum of biological sounds, and are, for example, a
peak(s) that appears in frequency-analyzed signals, or the
like. Moreover, the “information regarding the frequency” is
not limited to information directly indicating the frequency,
but may include information from which the frequency can
be derived.

[0037] If the information regarding the frequency is
obtained, the plurality of reference spectra, which are ref-
erences for classifying the biological sounds, are shifted in
accordance with the information regarding the frequency,
and the frequency-shifted reference spectra are obtained.
The “reference spectra” herein are spectra set in advance in
accordance with respective sounds types in order to classify
the plurality of sound types included in the biological sounds
(e.g. normal breath sounds, continuous pulmonary adventi-
tious sounds, fine crackles, etc.). The reference spectra are
frequency-shifted in accordance with, for example, a posi-
tion(s) of the peak(s) or the like, which are the predeter-
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mined characteristics obtained from the biological sounds,
to make the frequency-shifted reference spectra.

[0038] If the frequency-shifted reference spectra are
obtained, the ratio of each of the plurality of reference
spectra included in the biological sounds is outputted on the
basis of the biological sounds and the frequency-shifted
reference spectra. Specifically, it is calculated in what rate
the sound types corresponding to the plurality of reference
spectra are included in the biological sounds, which are to be
analyzed, and a result of the calculation is outputted. More
specifically, for example, arithmetic operation using the
plurality of reference spectra as bases is performed on the
spectrum of the biological sounds, thereby to calculate the
ratio of each of the reference spectra as a coupling coeffi-
cient.

[0039] As a result, according to the biological sound
analyzing apparatus in the embodiment, the biological
sounds including the plurality of sound types can be pref-
erably analyzed. Particularly in the embodiment, even if the
plurality of sound types are mixed on the same frequency
axis, the ratio of each sound type can be preferably analyzed.
<2>

[0040] In one aspect of the biological sound analyzing
apparatus according to the embodiment, wherein the bio-
logical sounds are breath sounds.

[0041] According to this aspect, the ratio of each of the
plurality of sound types included in the breath sounds
(specifically, normal breath sounds and abnormal breath
sounds, such as continuous pulmonary adventitious sounds
and fine crackles, etc.) can be preferably analyzed. By this,
for example, if a health condition is diagnosed from the
breath sounds or in similar cases, more objective and accu-
rate diagnoses can be made. Specifically, more accurate
diagnoses can be made in comparison with a case where the
presence or absence of abnormal breath sounds is diagnosed
only from the breath sounds that are heard through a
stethoscope or the like. Particularly in this aspect, there is no
need to use the technology for distinguishing between the
mixed plurality types of breath sounds, and the breath
sounds can be extremely preferably analyzed regardless of a
user’s skill. More specifically, for example, not only a
skillful doctor but also an inexperienced doctor or nurse can
appropriately distinguish abnormal breath sounds.

<3>

[0042] In the aforementioned aspect in which the breath
sounds are analyzed, the plurality of reference spectra may
include reference spectra corresponding to adventitious
sounds.

[0043] In this case, a ratio of the adventitious sounds
included in the breath sounds (i.e. abnormal breath sounds)
is outputted, and the health condition can be preferably
diagnosed. The reference spectra may include reference
spectra corresponding to a plurality of types of adventitious
sounds, or may include reference spectra corresponding to
sound types other than the adventitious sounds.

<4>

[0044] In another aspect of the biological sound analyzing
apparatus according to the embodiment, wherein the prede-
termined characteristics is a local maximum value.

[0045] According to this aspect, frequency analysis, such
as Fast Fourier Transform (FFT), is performed, for example,
on signals indicating the biological sounds. Then, the infor-
mation regarding the frequency corresponding to the local
maximum value (i.e. peak(s)) of the analysis result is
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obtained. The information regarding the frequency is
obtained as what corresponds to a position of the local
maximum value. The information regarding the frequency
may be obtained as information regarding frequency corre-
sponding to a nearby position of the local maximum value,
even though it is not the frequency that completely matches
the position of the local maximum value.

[0046] As described above, by using the local maximum
value as the predetermined characteristics of the spectrum of
the biological sounds, it is possible to obtain the information
regarding the frequency, more easily and accurately.

<5>

[0047] Inanother aspect of the biological sound analyzing
apparatus according to the embodiment, wherein said out-
putting device uses non-negative approximation to calculate
the ratio of each of the plurality of reference spectra.
[0048] According to this aspect, the non-negative approxi-
mation (i.e. approximation in which the coupling coefficient
is not negative) is used when the ratio of each of the plurality
of reference spectra is calculated. As the non-negative
approximation, for example, Non-negative Matrix Factor-
ization (NMF) is exemplified.

[0049] Here, if approximation that is not non-negative (i.e.
approximation in which the coupling coefficient could be
negative) is used, the ratio obtained by arithmetic operation
is possibly not a value that indicates the ratio of each
reference spectrum. In other words, even if the approxima-
tion is appropriately performed, an inappropriate value is
possibly calculated for a value indicating a component
amount of each reference spectrum.

[0050] In contrast, the value indicating the component
amount of each reference spectrum can be preferably cal-
culated by using the aforementioned non-negative approxi-
mation.

<6>

[0051] In another aspect of the biological sound analyzing
apparatus according to the embodiment, further comprising
a separating device configured to separate and output the
spectrum of the biological sounds into a plurality of spectra
corresponding to the plurality of reference spectra.

[0052] According to this aspect, the spectrum of the bio-
logical sounds is separated into the plurality of spectra
corresponding to the plurality of reference spectra, which are
then outputted. Thus, for example, if the breath sounds are
analyzed, normal breath sounds and abnormal breath sounds
can be separately outputted. The separated plurality of
spectra can be separately outputted, for example, as a
plurality of audio data. Alternatively, the separated plurality
of spectra may be also separately outputted as a plurality of
image data (e.g. images indicating spectra).

<7>

[0053] A biological sound analyzing method according to
an embodiment provide with: an obtaining process of
obtaining information regarding frequency corresponding to
predetermined characteristics of a spectrum of biological
sounds; a shifting process of shifting a plurality of reference
spectra, which are references for classifying the biological
sounds, in accordance with the information regarding the
frequency, and obtaining frequency-shifted reference spec-
tra; and an outputting process of outputting a ratio of each
of the plurality of reference spectra included in the biologi-
cal sounds on the basis of the biological sounds and the
frequency-shifted reference spectra.
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[0054] According to the biological sound analyzing
method in the embodiment, the biological sounds including
the plurality of sound types can be preferably analyzed, as
in the biological sound analyzing apparatus in the embodi-
ment described above.

[0055] Even the biological sound analyzing method in the
embodiment can also adopt the same various aspects as
those of the biological sound analyzing apparatus in the
embodiment described above.

<8>

[0056] A computer program product according to an
embodiment for making a computer perform: an obtaining
process of obtaining information regarding frequency cor-
responding to predetermined characteristics of a spectrum of
biological sounds; a shifting process of shifting a plurality of
reference spectra, which are references for classifying the
biological sounds, in accordance with the information
regarding the frequency, and obtaining frequency-shifted
reference spectra; and an outputting process of outputting a
ratio of each of the plurality of reference spectra included in
the biological sounds on the basis of the biological sounds
and the frequency-shifted reference spectra.

[0057] According to the computer program in the embodi-
ment, it can make a computer to perform the same processes
as those in the biological sound analyzing method in the
embodiment described above. Therefore, the biological
sounds including the plurality of sound types can be pref-
erably analyzed.

[0058] Even the computer program in the embodiment can
also adopt the same various aspects as those of the biological
sound analyzing apparatus in the embodiment described
above.

<0>

[0059] On a recording medium according to an embodi-
ment, the computer program product described above is
recorded.

[0060] According to the recording medium in the embodi-
ment, the biological sounds including the plurality of sound
types can be preferably analyzed by making a computer
perform the computer program described above.

[0061] The operation and other advantages of the biologi-
cal analyzing apparatus, the biological analyzing method,
the computer program, and the recording medium according
to the embodiments will be explained in more detail in the
following examples.

EXAMPLES

[0062] Hereinafter, a biological analyzing apparatus, a
biological analyzing method, a computer program, and a
recording medium according to examples will be explained
in detail. In the following example, an explanation is given
for a case where the biological analyzing apparatus accord-
ing to the present invention is applied to an apparatus
configured to analyze breath sounds of a living body.

<Entire Configuration>

[0063] Firstly, an entire configuration of the biological
analyzing apparatus according to the example will be
explained with reference to FIG. 1. FIG. 1 is a block diagram
illustrating the entire configuration of the biological sound
analyzing apparatus according to the example.

[0064] InFIG. 1, the biological sound analyzing apparatus
according to the example is provided with a biological sound
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sensor 110, a signal memory 120, a signal processing unit
125, an audio output unit 130, a basis holding unit 140, a
display unit 150, and a processing unit 200, as main com-
ponents.

[0065] The biological sound sensor 110 is a sensor con-
figured to detect breath sounds of a living body. The bio-
logical sound sensor 110 is provided, for example, with a
microphone using an electrets condenser microphone
(ECM) and a piezoelectric microphone, a vibration sensor,
and the like.

[0066] The signal memory 120 is configured as a buffer,
such as, for example, a random access memory (RAM), and
is configured to temporarily store signals indicating the
breath sounds detected on the biological sound sensor 110
(hereinafter referred to as “breath sound signals™ as occasion
demands). The signal memory 120 is configured to output
the stored signals to each of the audio output unit 130 and
the processing unit 200.

[0067] The signal processing unit 125 is configured to
process the sounds obtained on the biological sound sensor
110 and output them to the audio output unit 130. The signal
processing unit 125 functions, for example, as an equalizer
and a filter, and is configured to process the obtained sounds
in an easy-to-listen state for a person.

[0068] The audio output unit 130 is configured, for
example, as a speaker and a headphone, and is configured to
output the breath sounds, which are detected on the biologi-
cal sound sensor 110 and which are processed on the signal
processing unit 125.

[0069] The basis holding unit 140 is configured, for
example, as a read only memory (ROM) or the like, and is
configured to store therein bases corresponding to predeter-
mined sound types that can be included in the breath sounds.
The basis according to the example is one example of the
“reference spectrum” according to the present invention.
[0070] The display unit 150 is configured as a display,
such as, for example, a liquid crystal monitor, and is
configured to display image data outputted from the pro-
cessing unit 200.

[0071] The processing unit 200 includes a plurality of
arithmetic circuits and memories and the like. The process-
ing unit 200 is provided with a frequency analyzer 210, a
frequency peak detector 220, a basis set generator 230, a
coupling coefficient calculator 240, a signal intensity calcu-
lator 250, and an image generator 260.

[0072] Respective operations of the parts of the processing
unit 200 will be detailed later.

<Explanation of Operations>

[0073] Next, the operations of the biological sound ana-
lyzing apparatus according to the example will be explained
with reference to FIG. 2. FIG. 2 is a flowchart illustrating the
operations of the biological sound analyzing apparatus
according to the example. Here, a simple explanation will be
given in order to understand an entire flow of processes
performed by the biological sound analyzing apparatus
according to the example. The details of each process will be
described later.

[0074] In FIG. 2, in operation of the biological sound
analyzing apparatus according to the example, firstly, breath
sounds are detected on the biological sound sensor 110 and
breath sound signals are obtained by the processing unit 200
(step S101).
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[0075] If the breath sound signals are obtained, frequency
analysis (e.g. Fast Fourier Transform) is performed on the
frequency analyzer 210 (step S102). Moreover, peaks (i.e.
the local maximum value according to the embodiment) are
detected by using a frequency analysis result on the fre-
quency peak detector 220.

[0076] Then, a basis set is generated on the basis set
generator 230 (step S103). Specifically, the basis set gen-
erator 230 generates the basis set by using the bases stored
in the basis holding unit 140. At this time, the basis set
generator 230 shifts the bases on the basis of positions of the
peaks (i.e. the corresponding frequency according to the
embodiment) obtained from the frequency analysis result.
[0077] If the basis set is generated, a coupling coeflicient
is calculated on the coupling coefficient calculator 240 on
the basis of the frequency analysis result and the basis set
(step S104).

[0078] If the coupling coefficient is calculated, signal
intensity according to the coupling coefficient is calculated
on the signal intensity calculator 250 (step S105). In other
words, a ratio of each sound type included in the breath
sound signals is calculated.

[0079] If the signal intensity is calculated, image data
indicating the signal intensity is generated on the image
generator 260. The generated image data is displayed as an
analysis result on the display unit 150 (step S106).

[0080] Then, it is determined whether or not the analysis
process is to be continued (step S107). If it is determined that
the analysis process is to be continued (the step S107: YES),
the process from the step S101 is performed again. If it is
determined that the analysis process is not to be continued
(the step S107: NO), a series of process operations is ended.

<Specific Examples of Breath Sound Signals>

[0081] Next, specific examples of the breath sound signals
analyzed on the biological sound analyzing apparatus
according to the example will be explained with reference to
FIG. 3 and FIG. 4. FIG. 3 is a spectrogram illustrating a
frequency analysis result of breath sounds including fine
crackles. FIG. 4 is a spectrogram illustrating a frequency
analysis result of breath sounds including wheezes.

[0082] In the example illustrated in FIG. 3, in addition to
a spectrogram pattern corresponding to normal breath
sounds, a spectrogram pattern corresponding to fine crack-
les, which is one of the abnormal breath sounds, is also
observed. The spectrogram pattern corresponding to fine
crackle has a shape close to a rhombus, as illustrated in an
enlarged part in FIG. 3.

[0083] In the example illustrated in FIG. 4, in addition to
a spectrogram pattern corresponding to normal breath
sounds, a spectrogram pattern corresponding to wheezes,
which is one of the abnormal breath sounds, is also
observed. The spectrogram pattern corresponding to
wheezes has a shape close to a bird’s neck, as illustrated in
an enlarged part in FIG. 4.

[0084] As described above, a plurality of sound types exist
in the abnormal breath sounds, and are observed as spec-
trogram patterns in different shapes depending on the sound
types. As is clear from the drawings, the normal breath
sounds and the abnormal breath sounds are mixedly
detected. The biological sound analyzing apparatus accord-
ing to the example is configured to perform analysis for
dividing the plurality of sound types which are mixed.



US 2017/0135670 Al

<Method of Approximating Breath Sound Signals>

[0085] Next, an analyzing method performed by the bio-
logical sound analyzing apparatus according to the example
will be simply explained with reference to FIG. 5 to FIG. 8.
FIG. 5 is a graph illustrating a spectrum in predetermined
timing of the breath sounds including the fine crackles. FI1G.
6 is a conceptual diagram illustrating a method of approxi-
mating the spectrum of the breath sounds including fine
crackles. FIG. 7 is a graph illustrating a spectrum in prede-
termined timing of the breath sounds including wheezes.
FIG. 8 is a conceptual diagram illustrating a method of
approximating the spectrum of the breath sounds including
wheezes.

[0086] InFIG. 5, regarding breath sound signals including
fine crackles (refer to FIG. 3), if a spectrum is extracted in
timing in which the spectrogram pattern corresponding to
fine crackles appears strongly, a result illustrated in the
drawing is obtained. This spectrum is considered to include
normal breath sounds and fine crackles.

[0087] In FIG. 6, a spectrum corresponding to normal
breath sounds and a spectrum corresponding to fine crackles
can be estimated in advance by experiments or the like.
Thus, by using the patterns estimated in advance, it is
possible to know in what rate a component corresponding to
normal breath sounds and a component corresponding to
fine crackles are included regarding the aforementioned
spectrum.

[0088] InFIG. 7, regarding breath sound signals including
wheezes (refer to FIG. 4), if a spectrum is extracted in timing
in which the spectrogram pattern corresponding to wheezes
appears strongly, a result illustrated in the drawing is
obtained. This spectrum is considered to include normal
breath sounds and wheezes.

[0089] In FIG. 8, as in the aforementioned case of normal
breath sounds and fine crackles, a spectrum corresponding to
wheezes can be also estimated in advance by experiments or
the like. Thus, by using the patterns estimated in advance, it
is possible to know in what rate a component corresponding
to normal breath sounds and a component corresponding to
wheezes are included regarding the aforementioned spec-
trum.

[0090] Hereinafter, each process for realizing such analy-
sis will be explained, more specifically.

<Frequency Analysis>

[0091] The frequency analysis of breath sound signals and
the detection of peaks in the analysis result will be explained
in detail with reference to FIG. 9 to FIG. 11. FIG. 9 is a
graph illustrating one example of a frequency analyzing
method. FIG. 10 is a graph illustrating one example of the
frequency analysis result. FIG. 11 is a conceptual diagram
illustrating a spectrum peak detection result.

[0092] In FIG. 9, firstly, the frequency analysis is per-
formed on the obtained breath sound signals. The frequency
analysis can be performed by using the existing technology,
such as Fast Fourier Transform. In the example, amplitude
values at respective frequencies (i.e. amplitude spectrum)
are used as the frequency analysis result. A sampling fre-
quency, a window size, a window function (e.g. a Hanning
window, etc.) during data acquisition may be determined as
occasion demands.
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[0093] As illustrated in FIG. 10, the frequency analysis
result includes n values, wherein “n” is a value determined
by the window size or the like in the frequency analysis.
[0094] In FIG. 11, the peak detection is performed on the
spectrum obtained by the frequency analysis. In an example
illustrated in FIG. 11, peaks p1 to p4 are detected at positions
100 Hz, 130 Hz, 180 Hz, and 320 Hz. The peak detection
process may be simple because it is only necessary to know
at which frequency there is a peak. It is, however, preferable
to set a parameter for the peak detection so that even a small
peak can be detected.

[0095] In the example, a point with a local maximum
value is obtained, and then, at most N points (wherein N is
a predetermined value) are detected in ascending order from
a point with the smallest second-order differential value of
the obtained point (i.e. a point with the largest absolute
value). The local maximum value is obtained from a point at
which a sign of a difference is changed from positive to
negative. The second-order differential value is approxi-
mated by a difference of the difference. At most N points
with the second-order differential value that is less than a
predetermined threshold value, which is negative, are
selected from a point with the smallest second-order differ-
ential value, and position thereof are stored.

<Generation of Basis Set>

[0096] Next, the generation of the basis set will be
explained in detail with reference to FIG. 12 to FIG. 16D.
FIG. 12 is a graph illustrating a basis of normal vesicular
sounds. FIG. 13 is a graph illustrating a basis of fine
crackles. FIG. 14 is a graph illustrating a basis of continuous
pulmonary adventitious sounds. FIG. 15 is a graph illustrat-
ing a basis of white noise. FIG. 16A to FIG. 16D are graphs
illustrating frequency-shifted bases of continuous pulmo-
nary adventitious sounds.

[0097] As illustrated in FIG. 12 to FIG. 15, each basis
corresponding to respective one of the sound types has a
particular shape. Each basis includes n numerical values (i.e.
amplitude values at respective frequencies), which are the
same as the frequency analysis result. Each basis is normal-
ized so that an area, which is surrounded by a line indicating
the amplitude value at each frequency and by a frequency
axis, has a predetermined value (e.g. 1).

[0098] Here, the four bases, which are the basis of normal
vesicular sounds, the basis of fine crackles, the basis of
continuous pulmonary adventitious sounds, and the basis of
white noise, are illustrated; however, the analysis can be
performed even if there is only one basis. Moreover, another
basis other than the bases exemplified here can be also used.
For example, heartbeat sounds and bowel sounds can be
analyzed by using bases corresponding to the heartbeat
sounds and the bowel sounds, instead of the bases corre-
sponding to the breath sounds exemplified here.

[0099] In FIG. 16A to FIG. 16D, the basis corresponding
to continuous pulmonary adventitious sounds out of the
aforementioned bases is frequency-shifted in accordance
with the peak positions detected from the result of the
frequency analysis. Here, FIG. 16 A to FIG. 16D respectively
illustrate examples in which the basis of continuous pulmo-
nary adventitious sounds is frequency-shifted in accordance
with the peaks pl to p4 illustrated in FIG. 11. It is also
possible to frequency-shift the bases other than the basis
corresponding to continuous pulmonary adventitious
sounds.
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[0100] As a result, the basis set is generated as a set of the
basis of normal vesicular sounds, the basis of fine crackles,
the bases of continuous pulmonary adventitious sounds, the
number of which is the number of the peaks detected, and
the basis of white noise.

<Calculation of Coupling Coeflicient>

[0101] Next, the calculation of the coupling coeflicient
will be explained in detail with reference to FIG. 17 to FIG.
19. FIG. 17 is a diagram illustrating a relation among the
spectrum, each basis, and the coupling coefficient. FIG. 18
is a diagram illustrating one example of an observed spec-
trum and bases used for approximation. FIG. 19 is diagrams
illustrating an approximation result by non-negative matrix
factorization

[0102] The relation among a spectrum y, a basis h(f), and
a coupling coefficient u, which are to be analyzed, can be
expressed in the following equation (1).

[Equation 1]

i (65)]
yi = Z uhy (f3)
=1

[0103] As illustrated in FIG. 17, the spectrum y and each
basis h(f) have n values. On the other hand, the coupling
coeflicient has m values, wherein “m” is the number of the
bases included the basis set.

[0104] The biological sound analyzing apparatus accord-
ing to the example is configured to calculate the coupling
coeflicient of each of the bases included in the basis set by
using non-negative matrix factorization. Specifically, it is
only necessary to obtain u that minimizes an optimization
criterion function D illustrated in the following equation (2)
(wherein each component value of u is non-negative).

[Equation 2]

n @
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)
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=1

[0105] General non-negative matrix factorization is a
method of calculating both a basis matrix, which represents
a set of basis spectra, and an active matrix, which represents
the coupling coefficient. In the example, the basis matrix is
fixed, and only the coupling coefficient is calculated.
[0106] In order to calculate the coupling coefficient,
approximation other than the non-negative matrix factoriza-
tion may be also used. Even in this case, a desired condition
is non-negativity. Hereinafter, a reason for the use of the
non-negative approximation will be explained with specific
examples.

[0107] As illustrated in FIG. 18, it is assumed that an
observed spectrum is approximated by four bases A to D to
calculate the coupling coefficient. If the non-negativity is a
condition, the coupling coefficient u to be expected is 1
correspondingly to the basis A, 1 correspondingly to the
basis B, 0 correspondingly to the basis C, and 0 correspond-
ingly to the basis D. In other words, if the non-negativity is
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a condition, the observed spectrum is approximated to a
spectrum obtained by adding the basis A multiplied by 1 and
the basis B multiplied by 1.

[0108] The coupling coefficient u to be expected if the
non-negativity is not a condition is O correspondingly to the
basis A, 0 correspondingly to the basis B, 1 correspondingly
to the basis C, and -0.5 correspondingly to the basis D. In
other words, if the non-negativity is not a condition, the
observed spectrum is approximated to a spectrum obtained
by adding the basis C multiplied by 1 and the basis D
multiplied by -0.5.

[0109] When the aforementioned two examples are com-
pared, higher approximation accuracy may be obtained if the
non-negativity is not a condition, in comparison with a case
where the non-negativity is a condition, in some cases. The
coupling coeflicient u herein, however, represents a compo-
nent amount of each spectrum, and thus needs to be obtained
as a non-negative value. In other words, if the coupling
coeflicient u is obtained as a negative value, there can be no
interpretation as the component amount. In contrast, if the
approximation is performed under the non-negativity con-
ditions, the coupling coeflicient u corresponding to the
component amount can be calculated.

[0110] In FIG. 19, the biological sound analyzing appa-
ratus according to the example is configured to calculate the
coupling coeflicient u by using the basis set including the
basis of normal vesicular sounds, the basis of fine crackles,
the four bases of continuous pulmonary adventitious sounds,
and the basis of white noise, as described above. Thus, the
coupling coefficient u is calculated to have seven values u,
to u,.

[0111] Here, it may be said that the value u, corresponding
to the basis of normal vesicular sounds is a value indicating
a ratio of the normal vesicular sounds to the breath sounds.
In the same manner, it may be said that each of the value u,
corresponding to the basis of fine crackles, the value u,
corresponding to the basis of white noise, the value u4
corresponding to the basis of continuous pulmonary adven-
titious sounds shifted at 100 Hz, the value u, corresponding
to the basis of continuous pulmonary adventitious sounds
shifted at 130 Hz, the value ug4 corresponding to the basis of
continuous pulmonary adventitious sounds shifted at 180
Hz, and the value u, corresponding to the basis of continu-
ous pulmonary adventitious sounds shifted at 320 Hz is also
a value indicating a ratio of each sound type to the breath
sounds. Therefore, the signal intensity of each sound type
can be calculated from the coupling coefficient.

<Display of Analysis Result>

[0112] Next, the display of the analysis result will be
explained in detail with reference to FIG. 20 and FIG. 21.
FIG. 20 is a plan view illustrating a display example on the
display unit. FIG. 21 is a spectrogram illustrating an
example of extraction of wheezes.

[0113] As illustrated in FIG. 20, the intensity of each
sound type, which is the analysis result, is displayed as a bar
graph on a display area 155 of the display unit 150. This
display method is one example, and the display may be also
performed in another display aspect. For example, a ratio (or
content ratio) of each sound type may be calculated and
displayed as a pie chart. Alternatively, the intensity of each
sound type may be digitized and displayed.

[0114] As illustrated in FIG. 21, it is also possible to
extract a pattern corresponding to a predetermined sound
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type from a spectrogram and to display it. Here, there is
illustrated the example of the extraction of only a pattern
corresponding to wheezes.

[0115] Instead of or in addition to the output as the image
described above, output by audio data is also possible.
Specifically, audio can be outputted separately for each
sound type. Alternatively, a particular sound type can be
emphasized, and audio can be outputted.

[0116] Combination with a method of performing the
frequency analysis at certain time intervals, such as Short
Time Fourier Transform (STFT), enables dynamic output of
the analysis result in each timing.

[0117] Moreover, in the example, the signal intensity is
calculated as what corresponds to the amplitude spectrum;
however, a conversion process may be also performed to
correspond to a power spectrum. Moreover, the signal
intensity may be converted to a dB value.

[0118] The present invention is not limited to the afore-
mentioned embodiments and examples, but various changes
may be made, if desired, without departing from the essence
or spirit of the invention which can be read from the claims
and the entire specification. A biological sound analyzing
apparatus, a biological analyzing method, a computer pro-
gram, and a recording medium that involve such changes are
also intended to be within the technical scope of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS
AND LETTERS

[0119] 110 biological sound sensor
[0120] 120 signal memory

[0121] 125 signal processing unit
[0122] 130 audio output unit

[0123] 140 basis holding unit

[0124] 150 display unit

[0125] 155 display area

[0126] 200 processing unit

[0127] 210 frequency analyzer
[0128] 220 frequency peak detector
[0129] 230 basis set generator

[0130] 240 coupling coefficient calculator
[0131] 250 signal intensity calculator
[0132] 260 image generator

[0133] vy spectrum

[0134] h(f) basis

[0135] u coupling coefficient

1. A biological sound analyzing apparatus comprising:

an obtaining device configured to obtain information
regarding frequency corresponding to predetermined
characteristics of a spectrum of biological sounds;

a shifting device configured to shift a plurality of refer-
ence spectrums, which are references for classitying
the biological sounds, in accordance with the informa-
tion regarding the frequency, and configured to obtain
frequency-shifted reference spectrums; and

an outputting device configured to output a ratio of each
of the plurality of reference spectrums included in the
biological sounds on the basis of the biological sounds
and the frequency-shifted reference spectrums.

2. The biological sound analyzing apparatus according to

claim 1, wherein the biological sounds are breath sounds.

3. The biological sound analyzing apparatus according to

claim 2, wherein the plurality of reference spectrums include
reference spectrums corresponding to adventitious sounds.
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4. (canceled)

5. The biological sound analyzing apparatus according to
claim 1, wherein said outputting device uses non-negative
approximation to calculate the ratio of each of the plurality
of reference spectrums.

6. The biological sound analyzing apparatus according to
claim 1, further comprising a separating device configured
to separate and output the spectrum of the biological sounds
into a plurality of spectrums corresponding to the plurality
of reference spectrums.

7. A biological sound analyzing method comprising:

an obtaining process of obtaining information regarding
frequency corresponding to predetermined characteris-
tics of a spectrum of biological sounds;

a shifting process of shifting a plurality of reference
spectrums, which are references for classifying the
biological sounds, in accordance with the information
regarding the frequency, and obtaining frequency-
shifted reference spectrums; and

an outputting process of outputting a ratio of each of the
plurality of reference spectrums included in the bio-
logical sounds on the basis of the biological sounds and
the frequency-shifted reference spectrums.

8. A non-transitory computer-readable medium on which
is stored a program that, upon execution, causes a computer
to perform steps of:

an obtaining process of obtaining information regarding
frequency corresponding to predetermined characteris-
tics of a spectrum of biological sounds;

a shifting process of shifting a plurality of reference
spectrums, which are references for classifying the
biological sounds, in accordance with the information
regarding the frequency, and obtaining frequency-
shifted reference spectrums; and

an outputting process of outputting a ratio of each of the
plurality of reference spectrums included in the bio-
logical sounds on the basis of the biological sounds and
the frequency-shifted reference spectrums.

9. (canceled)

10. A biological sound analyzing apparatus comprising:

an obtaining device configured to obtain output signals of
a biological sound sensor; and

an outputting device configured to output a ratio of each
of a plurality of reference spectrums included in the
output signals of the biological sound sensor, on the
basis of the reference spectrums respectively corre-
sponding to a plurality of sound types included in
biological sounds and on the basis of the output signals
of the biological sound sensor.

11. The biological sound analyzing apparatus according to
claim 2, wherein said outputting device uses non-negative
approximation to calculate the ratio of each of the plurality
of reference spectrums.

12. The biological sound analyzing apparatus according
to claim 3, wherein said outputting device uses non-negative
approximation to calculate the ratio of each of the plurality
of reference spectrums.

13. The biological sound analyzing apparatus according
to claim 2, further comprising a separating device config-
ured to separate and output the spectrum of the biological
sounds into a plurality of spectrums corresponding to the
plurality of reference spectrums.

14. The biological sound analyzing apparatus according
to claim 3, further comprising a separating device config-
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ured to separate and output the spectrum of the biological
sounds into a plurality of spectrums corresponding to the
plurality of reference spectrums.
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