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(57) ABSTRACT

A swallowing estimation device includes: a sound detection
part configured to detect sound of a larynx portion; a respi-
ration detection part configured to detect respiration; and a
swallowing estimation part configured to estimate swallow-
ing based on sound information outputted from the sound
detection part and based on respiration information outputted
from the respiration detection part. The swallowing estima-
tion part obtains a value of a parameter for swallowing esti-
mation with respect to a biological sound generation interval
that corresponds to a respiratory cessation interval longer
than or equal to 400 msec, and estimates whether swallowing
has occurred in the biological sound generation interval based
on whether the obtained value of the parameter satisfies a
swallowing determination condition.
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INFORMATION PROCESSING DEVICE

START INSTRUCTION?
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FIG.7
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SWALLOWING ESTIMATION DEVICE,
INFORMATION TERMINAL DEVICE, AND
STORAGE MEDIUM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Application No. PCT/JIP2014/62239 filed May 7, 2014,
which claims priority to Japanese Patent Application No.
2013-174949 filed Aug. 26, 2013. The contents of these appli-
cations are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a swallowing esti-
mation device which estimates a swallowing movement, an
information terminal device for obtaining information neces-
sary for estimation of the swallowing movement, and a stor-
age medium having stored therein a program which provides
a computer with a swallowing estimation function.

[0004] 2. Disclosure of Related Art

[0005] Japanese Laid-Open Patent Publication No. 2013-
17694 discloses a technology which analyzes the frequency
of biological sound obtained from a larynx portion, and dis-
tinguishes among swallowing, coughs and utterance based on
frequency characteristics thereof. Meanwhile, “Non-restric-
tive monitoring of swallowing frequency of elderly individu-
als” in an academic journal “The Journal of Japanese Occu-
pational Therapy Association” Vol. 31(1) PP. 52 to 59 (Non-
patent literature) issued by the Japanese Association of
Occupational Therapists in February in 2012 discloses the
following technology. That is, with respect to pulse groups
each consisting of pulses obtained by converting biological
sound collected by a larynx microphone into pulses, a pulse
group in which each pulse width is less than or equal to 60
msec and the number of pulses is less than or equal to 20 is
determined as representing a swallowing movement.

[0006] Before performing swallowing estimation, first, it is
necessary to collect information such as biological sound
from a subject. In this case, in order not to restrict the subject
as much as possible, it is desirable that the apparatus and the
like to be worn by the subject are as simple as possible.
Accordingly, it becomes possible to collect information for
swallowing estimation from the subject in a living environ-
ment. However, when information is collected in a living
environment in this manner, information of various sounds
that contaminate swallowing sound is collected, such as
household noises, sounds during eating and drinking, conver-
sations, sounds generated when the neck is rotated, in addi-
tion to biological sound generated during swallowing. These
noises cause erroneous swallowing estimation, resulting in
reduced estimation accuracy of swallowing.

SUMMARY OF THE INVENTION

[0007] During swallowing, there is always a respiratory
cessation (apnea) state for a predetermined period or longer.
When this is focused on, it is desirable that a swallowing
interval is estimated by performing analysis of a signal from
an organism only with respect to an apneic interval that is
longer than or equal to a predetermined period.

[0008] A first aspect of the present invention relates to a
swallowing estimation device. The swallowing estimation
device according to this aspect includes: a sound detection

May 26, 2016

part configured to detect sound of a larynx portion; a respi-
ration detection part configured to detect respiration; and a
swallowing estimation part configured to estimate swallow-
ing based on sound information outputted from the sound
detection part and based on respiration information outputted
from the respiration detection part. Here, the swallowing
estimation part obtains a value of a parameter for swallowing
estimation with respect to a biological sound generation inter-
val that corresponds to an apneic interval longer than or equal
to 400 msec, and estimates whether swallowing has occurred
in the biological sound generation interval based on whether
the obtained value of the parameter satisfies a swallowing
determination condition.

[0009] A second aspect of the present invention relates to a
swallowing estimation device. The swallowing estimation
device according to this aspect includes: a biological sound
detection means configured to detect biological sound at a
larynx portion; respiration detection means configured to
detect change in airflow of respiration; a signal intensity
conversion means configured to convert biological sound data
obtained by sampling the biological sound into signal inten-
sity data; signal interval identification means configured to
identify a signal interval having an intensity level higher than
or equal to a noise level based on the signal intensity data;
respiration identification means configured to identify an
apneic interval based on airflow pressure data obtained by
sampling change in the respiration; signal pulsing means
configured to obtain a signal intensity that corresponds to a
sampling timing in the apneic interval that is longer than or
equal to a predetermined period and that overlaps the signal
interval, and configured to generate a signal pulse having a
width that corresponds to a period in which the signal inten-
sity is greater than or equal to a predetermined level; swal-
lowing reflex estimation means configured to estimate, as an
estimated swallowing reflex interval, the apneic interval that
satisfies a determination condition that the number of the
signal pulses in the apneic interval longer than or equal to the
predetermined period is less than or equal to a predetermined
number and a width of each signal pulse in the apneic interval
longer than or equal to the predetermined period s less than or
equal to a predetermined period; and display means config-
ured to display the estimated swallowing reflex interval.
[0010] A third aspect of the present invention relates to an
information terminal device. The information terminal device
according to this aspect includes: a sound detection part con-
figured to detect sound of a larynx portion; a respiration
detection part configured to detect respiration; and a storage
part in which sound information outputted from the sound
detection part and respiration information outputted from the
respiration detection part are stored.

[0011] A fourth aspect of the present invention is a storage
medium having stored therein a program which provides a
computer with: a function of obtaining a value of a parameter
for swallowing estimation, with respect to a biological sound
generation interval that corresponds to an apneic interval
longer than or equal to a predetermined period; and a function
of estimating whether swallowing has occurred in the bio-
logical sound generation interval based on whether the
obtained value of the parameter satisfies a swallowing deter-
mination condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects and new features of the
present invention will be fully clarified by the following
description of the embodiment, when read in conjunction
with accompanying drawings.
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[0013] FIG. 1 is a functional block diagram showing a
configuration and a function of a swallowing activity moni-
toring device according to Embodiment 1;

[0014] FIG. 2 shows a display example of each waveform
in an estimated swallowing reflex interval obtained by the
swallowing activity monitoring device according to Embodi-
ment 1;

[0015] FIG. 3 shows a display example of a biological
sound waveform and an airflow sound waveform shown on a
fine time scale in a superposed and zoomed-in manner in the
swallowing activity monitoring device according to Embodi-
ment 1;

[0016] FIG. 4 is an external view showing a configuration
of a swallowing estimation system according to Embodiment
2;

[0017] FIG.5isablockdiagram showing a configuration of
the swallowing estimation system according to Embodiment
2;

[0018] FIG. 6isa flow chart showing operations performed
by a terminal device and an information processing device
according to Embodiment 2;

[0019] FIG. 7 is a flow chart showing operation performed
by the information processing device according to Embodi-
ment 2;

[0020] FIG. 8 is a flow chart showing operation performed
by the information processing device according to Embodi-
ment 2;

[0021] FIG. 9A shows a biological sound data according to
Embodiment 2;

[0022] FIG.9B shows an airflow pressure data according to
Embodiment 2;

[0023] FIG. 9C shows a hyoid bone displacement data
according to Embodiment 2;

[0024] FIG. 10A schematically shows a spectrogram
according to Embodiment 2;

[0025] FIG. 10B schematically shows a mel-frequency
spectrogram according to Embodiment 2;

[0026] FIG.100shows pulses obtained through continuous
wavelet transform according to Embodiment 2;

[0027] FIG. 10D schematically shows pulses obtained
through continuous wavelet transform in a zoomed-in manner
according to Embodiment 2;

[0028] FIG. 11 shows a screen to be displayed on a display
part according to Embodiment 2;

[0029] FIG. 12 shows a screen to be displayed on the dis-
play part according to Embodiment 2;

[0030] FIG. 13A shows a screen to be displayed on the
display part according to Embodiment 2;

[0031] FIG. 13B is a flow chart showing operation per-
formed by the information processing device according to
Modification 1;

[0032] FIG. 13C shows estimation results obtained when
swallowing estimation was performed by actually collecting
information for swallowing estimation;

[0033] FIG.14is aflow chart showing operation performed
by the information processing device according to Modifica-
tion 2; and

[0034] FIG.151s a diagram for explaining the procedure of
determining whether aspiration has occurred according to
Modification 3.

[0035] It should be noted that the drawings are solely for
description and do not limit the scope of the present invention
by any degree.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] The present embodiment is characterized in that: an
estimated swallowing reflex interval is constrained based on
energy distribution of biological sound obtained from a lar-
ynx portion and based on information of change in airflow
pressure caused by respiration; and the estimated swallowing
reflex interval is further constrained to be specified based on
information of displacement of the hyoid bone.

Embodiment 1

[0037] FIG. 1 shows a circuit block diagram for explaining
operation performed in Embodiment. However, the blocks in
a personal computer are not actual circuit blocks but func-
tional blocks.

[0038] Hereinafter, operation performed during a data mea-
surement period of the present embodiment will be described.

[0039] In the present embodiment, a microphone disposed
close to the larynx portion functions as biological sound
detection means 1 which detects sound in an organism, an air
pressure sensor provided in a tube of a nasal cannula func-
tions as respiration detection means 2 which detects change in
airflow caused by respiration, and a piezoelectric sheet
attached to the larynx portion functions as hyoid bone dis-
placement detection means 3 which catches deformation of
the larynx portion to detect displacement of the hyoid bone.

[0040] A biological sound signal obtained from the biologi-
cal sound detection means 1, an airflow pressure signal
obtained from the respiration detection means 2, and a hyoid
bone displacement signal obtained from the hyoid bone dis-
placement detection means 3 are inputted to their correspond-
ing first sampling circuit 4, second sampling circuit 5, and
third sampling circuit 6, respectively. Then, each signal is
sampled at a cycle of 0.1 msec (10 kHz), and then subjected
to A/D conversion. Then, biological sound data, airflow pres-
sure data, and hyoid bone displacement data which have been
obtained through the A/D conversion are stored in a storage
medium 8 along with time data obtained from clock means 7.
Accordingly, during a data measurement period, the biologi-
cal sound data, the airflow pressure data, and the hyoid bone
displacement data are stored in the storage medium 8, each
paired with time data.

[0041] After the measurement period described above has
ended, data processing as described below is performed in the
personal computer.

[0042] First, signal intensity conversion means 9 converts,
into signal intensity data, biological sound data which corre-
sponds to a signal waveform read from the storage medium 8.
Specifically, with the window function (sampling range) set
to 1.5 seconds, biological sound data is cut out to be subjected
to short-time Fourier transform processing, and then, the total
sum of the amplitudes is obtained, whereby the biological
sound data is converted into signal intensity data. At this time,
an appropriate bandpass filter process may be performed.

[0043] Since this short-time Fourier transform processing
is performed with the sampling range shifted by 0.2 seconds,
signal intensity data having a temporal resolution of 1/2000 of
that of the biological sound data is outputted. This signal
intensity data is used to exclude soundless intervals. By set-
ting the window function to be wide and also setting the shift
interval to be large, load on the calculation processing is
reduced.
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[0044] Signal interval identification means 10 compares
the signal intensity data with a first reference value L1, to
generate an identification output foridentifying a signal inter-
val having an intensity level higher than or equal to a noise
level. That is, the signal interval identification means consid-
ers that swallowing has not occurred in a low-level interval
where only noise is present and that swallowing has occurred
in a high-level interval, thereby specifying the high-level
interval as a signal interval.

[0045] Respiration identification means 11 issues respira-
tion identification outputs which respectively represent three
types of intervals of airflow pressure data, i.e., expiration
interval, respiratory pause (late expiration) interval, and
inspiration interval.

[0046] Signal pulsing means 12 extracts biological sound
data that corresponds to an apneic interval greater than or
equal to a second reference value L2 (for example, 0.6 sec-
onds) in the signal interval, and performs continuous wavelet
transform processing on the extracted biological sound data
to obtain the total sum of frequency spectrum intensities.
Then, the signal pulsing means 12 compares the obtained
total sum with a third reference value L3, and then, outputs a
signal pulse having a width that corresponds to a period
having an intensity value greater than or equal to the reference
value.

[0047] When the width of each of all the signal pulses in the
apneic interval greater than or equal to the second reference
value [.2 in the signal interval is less than or equal to a fourth
reference value L4 (for example, 25 msec) and the number of
the signal pulses is less than or equal to a fifth reference value
L5 (for example, 20), signal pulse evaluation means 13 esti-
mates that there is a high possibility that the signal interval is
a swallowing reflex interval, and issues a first estimation
output. In the non-patent literature mentioned above, the sig-
nal pulse width during swallowing is set to be less than or
equal to 60 msec. However, in the present embodiment, since
the third reference value L3 is set to a large value, the signal
pulse width is small, and the fourth reference value L4 is set
to 25 msec.

[0048] Next, bandpass evaluation means 14 converts the
biological sound data into a mel-frequency spectrogram in
the apneic interval greater than or equal to the second refer-
ence value L2 in the signal interval. Then, with respect to the
mel-frequency spectrogram, when the proportion of the total
sum of spectrum levels of high range components (for
example, higher than or equal to 750 Hz) in the apneic interval
to the total sum of spectrum levels in the apneic interval is
greater than or equal to a sixth reference value L6 (for
example, 15%), the bandpass evaluation means 14 estimates
that there is a high possibility that the signal interval is a
swallowing reflex interval, and issues a second estimation
output.

[0049] Further, hyoid bone displacement evaluation means
15 specifies the maximum value of the hyoid bone displace-
ment data in the measurement period. Then, when hyoid bone
displacement data whose proportion to the maximum value is
greater than or equal to a seventh reference value L7 (for
example, 10%)is present in the apneic interval greater than or
equal to the second reference value 1.2 in the signal interval,
the hyoid bone displacement evaluation means 15 estimates
that there is a high possibility that the signal interval is a
swallowing reflex interval, and issues a third estimation out-
put.
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[0050] 1In the present embodiment, swallowing reflex esti-
mation means 16 generates an output that specifies the signal
interval as an estimated swallowing reflex interval, only when
all of the first estimation output, the second estimation output,
and the third estimation output have been generated.

[0051] The estimated swallowing reflex interval specified
as above is displayed via display control means 17 as shown
in FIGS. 2A to 2D on display means 18 which is a monitor
screen of the personal computer. On the display means 18, in
accordance with a time scale indicated in a reduced manner,
a biological sound signal waveform in FIG. 2A, an airflow
pressure signal waveform in FIG. 2B, a hyoid bone displace-
ment signal waveform in FIG. 2C, and a biological sound
signal intensity waveform in FIG. 2D of the entire measure-
ment period are displayed as a basic screen along with the
time scale.

[0052] In FIG. 2A, each vertical broken line indicates an
estimated swallowing reflex position. With respect to the
airflow pressure waveform shown in FIG. 2B, in an actual
display, the respiration identification outputs which respec-
tively represent three types of intervals of airflow pressure
data, i.e., expiration interval, respiratory pause interval, and
inspiration interval, are colored differently and indicated with
vertical lines, so that the respective types of outputs can be
recognized by viewing.

[0053] Inthis state, when an operator points at an estimated
swallowing reflex position in the basic screen, the biological
sound signal waveform, the airflow pressure signal wave-
form, and the hyoid bone displacement signal waveform of an
apneic interval corresponding to the pointed position and
several respiration periods before and after the apneic interval
are displayed as a sub-screen, along with the time scale.
[0054] The estimated swallowing reflex interval above is
displayed in various manners in order to indicate a swallow-
ing state of aspiration or a high aspiration risk.

[0055] For example, after normal swallowing, the expira-
tory sound intensity is less than or equal to a half of the
inspiratory sound intensity, but after abnormal swallowing,
the expiratory sound intensity is increased. With this focused
on, a sub-screen is displayed as explained below.

[0056] Respiratory sound intensity evaluation means 19
performs short-time Fourier transform individually on bio-
logical sound data for each of eight intervals in total, i.e., four
cycles of the expiration intervals and the inspiration intervals
before and after the estimated swallowing reflex interval, and
obtains the total sum for each interval as signal intensity data.
Further, when the average signal intensity of the expiration
intervals/the average signal intensity of the inspiration intet-
vals after the estimated swallowing reflex interval has
increased to exceed 50% of that before the estimated swal-
lowing reflex interval, the respiratory sound intensity evalu-
ation means 19 determines the interval as an estimated aspi-
ration interval, and inputs alert information to the display
control means 17. When the operator selects the estimated
aspiration interval, the display control means 17 causes the
display means 18 to display a sub-screen for the estimated
aspiration interval instead of the sub-screen for the estimated
swallowing reflex interval described above.

[0057] When diagnosing swallowing, the respiration states
before and after an estimated swallowing reflex interval can
be used as a reference. With this focused on, the display
control means 17 determines whether each of the respirations
before and after an estimated swallowing reflex interval is an
expiration interval or an inspiration interval, expresses the
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result in four types, and additionally displays the frequency
thereof in the basic screen on the display means 18, as shown
in FIG. 3, for example.

[0058] The display example shown in FIG. 3 indicates the
following: swallowing occurred in expiration (SWtype:
E-SW); respiration after the swallowing started with expira-
tion (SWtype2: SW-E); when the average respiration interval
is assumed as 1, the swallowing start point is the time point
when 1.04 has elapsed from the inspiration start (old phase:
1.04); and latency before inspiration starts after the swallow-
ing is 0.78 seconds (insp-start: 0.78). The broken vertical
lines in FIG. 3 each represents a start position of inspiration,
and the (interval between) dash-dot vertical lines represents a
deglutition apnea period.

[0059] The indication of the estimated swallowing reflex
interval in the present embodiment is not limited to the man-
ner described above, and includes various types of indication
modes relevant to the estimated swallowing reflex interval. In
particular, indication of aspiration risk estimation is impor-
tant among indications of swallowing reflex estimation.
[0060] In the present embodiment, the swallowing reflex
estimation means 16 estimates the estimated swallowing
reflex interval, based on all of the first estimation output, the
second estimation output, and the third estimation output.
However, the estimation in the present embodiment may be
made only based on the first estimation output, or may be
made based on the first estimation output and the second
estimation output.

[0061] In addition, the reference values used in the present
embodiment are for adjusting the degree of constraining the
estimated swallowing reflex interval, are not intended to limit
the values and ranges in the present embodiment, and should
be adjusted as appropriate.

Embodiment 2

[0062] Embodiment 2 is a more specific example of the
configuration and the processes according to Embodiment 1.
[0063] In Embodiment 2, a swallowing estimation system
100 corresponds to the “swallowing estimation device” set
forth in claims. A sound sensor 231a corresponds to the
“sound detection part” set forth in claims. A pressure sensor
215 corresponds to the “respiration detection part” set forth in
claims. A control part 313 corresponds to the “swallowing
estimation part” set forth in claims. A displacement sensor
231b corresponds to the “displacement detection part” set
forth in claims. A speaker 312, the control part 313, and a
display part 320 correspond to the “output part” set forth in
claims. A hard disk 314 corresponds to the “storage part” set
forth in claims. An input part 330 corresponds to the “input
part” set forthin claims. A terminal device 210 corresponds to
the “information terminal device” set forth in claims. How-
ever, the correspondence between the present embodiment
and the claims is merely one example and does not limit the
invention according to the claims to the present embodiment.
[0064] FIG. 4 is an external view showing a configuration
of the swallowing estimation system 100 according to the
present embodiment. The swallowing estimation system 100
includes a measurement device 200 and an information pro-
cessing device 300. In the swallowing estimation system 100,
a small storage medium 101 (for example, SD card) which is
easy to be carried is used. The measurement device 200
includes the terminal device 210, a nasal cannula 220, and a
detection part 230.
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[0065] The terminal device 210 includes a display part 211
and an input part 212, and is configured to be small and light
in weight so that a subject can always wear the terminal
device 210. While confirming the display of the display part
211, the subject inputs an instruction to a control part 214 (see
FIG. §) through an input part 212 which includes buttons and
adjustment knobs. The terminal device 210 includes a writing
part 213 which performs writing on a storage medium 101.
[0066] The nasal cannula 220 includes an attachment part
221 having a pair of tube-like members, and tubes 222 con-
nected to opposite ends of the attachment part 221. The pair of
tube-like members of the attachment part 221 are inserted into
the nasal cavities of a patient, and the other ends of the tubes
222 are connected to the terminal device 210. Accordingly,
when a patient breathes, air in the tubes 222 flows, and the
flow of the air in the tubes 222 is detected as a pressure by the
pressure sensor 215 (see FIG. 5) in the terminal device 210.
Even when the patient is breathing through the mouth, since
the nasal cavities are connected to the oral cavity, the airinthe
tubes 222 flows and the pressure changes.

[0067] The detection part 230 includes a pad 231 which is
thin and flexible, and a cable 232. The pad 231 is attached to
the larynx portion of the subject. The pad 231 includes: the
sound sensor 231a (see FIG. 5) for detecting sound of the
larynx portion; and the displacement sensor 2315 (FIG. 5) for
detecting, based on the pressure, displacement of the hyoid
bone depending on deformation of the larynx portion.
[0068] The information processing device 300 includes a
body 310, the display part 320, and the input part 330. The
body 310 includes a reading part 311 which performs reading
from the storage medium 101, and the speaker 312 for out-
putting sound. The operator inputs an instruction to the con-
trol part 313 (see FIG. 5) by using the input part 330 which
includes a keyboard and a mouse. The display part 320 is
composed of a display, and displays a swallowing estimation
result and the like described later.

[0069] FIG. 5is ablock diagram showing a configuration of
the swallowing estimation system 100.

[0070] The terminal device 210 includes the control part
214, the pressure sensor 215, and an A/D conversion part 216,
in addition to the display part 211, the input part 212, and the
writing part 213 which are shown in FIG. 4.

[0071] The pressure sensor 215 detects, as a pressure, the
flow of the air guided via the tubes 222 of the nasal cannula
220, and outputs the detected analog pressure signal to the
A/D conversion part 216. The detection part 230 includes the
sound sensor 231a and the displacement sensor 2314. The
sound sensor 231« detects sound in the vicinity of the larynx
portion of the subject, and outputs the detected analog sound
signal to the A/D conversion part 216. The displacement
sensor 2315 detects deformation of the larynx portion of the
subject as displacement of the hyoid bone, and outputs the
detected analog displacement signal to the A/D conversion
part 216. The A/D conversion part 216 samples the pressure
signal, the sound signal, and the displacement signal in pre-
determined cycles, and outputs digital signals corresponding
to the respective sampled signals to the control part 214. The
respective pieces of data obtained by performing A/D conver-
sion on the sound signal, the pressure signal, and the displace-
ment signal correspond to the “biological sound data”, the
“airflow pressure data”, the “hyoid bone displacement data”
in Embodiment 1, respectively.

[0072] The control part 214 controls the components of the
terminal device 210. Moreover, the control part 214 writes,
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along with time data, each data outputted from the A/D con-
version part 216 into the storage medium 101 set in the
writing part 213. The time data is counted by a clock circuit
built in the control part 214. When measurement by the mea-
surement device 200 has ended, the storage medium 101 is
taken out of the writing part 213, and is set in the reading part
311 of the information processing device 300.

[0073] The body 310 is composed of a personal computer,
for example, and includes the control part 313 and the hard
disk 314, in addition to the reading part 311 and the speaker
312 which are shown in FIG. 4. The control part 313 controls
the components of the body 310, receives an instruction
inputted via the input part 330, outputs an image signal to the
display part 320 in response to the instruction, and outputs
sound from the speaker 312. Moreover, the control part 313
reads data from the storage medium 101 setin the reading part
311, and stores the data in the hard disk 314. Further, the
control part 313 performs calculation based on the data and a
program stored in the hard disk 314. The program stored in
the hard disk 314 provides the control part 313 with a swal-
lowing estimation function described later. This program may
be previously installed in the hard disk 314, or may be down-
loaded to the hard disk 314 from a disk medium or the Inter-
net. In this case, the reading part 311 is provided with a disc
drive to read this program from the disc.

[0074] FIG. 6 to FIG. 8 are flow charts showing operations
performed by the terminal device 210 and the information
processing device 300.

[0075] With reference to FIG. 6, upon receiving a start
instruction via the input part 212 (S101: YES), the control part
214 of the terminal device 210 obtains biological sound data,
airflow pressure data, and hyoid bone displacement data, and
starts a process of writing the obtained data in the storage
medium 101 (S102). Then, upon receiving a stop instruction
via the input part 212 (S103: YES), the control part 214 ends
the writing process (S104). Accordingly, the process of the
terminal device 210 ends. The storage medium 101 in which
the data has been written is transferred to the information
processing device 300 as described above.

[0076] FIGS. 9A to 9C respectively show the biological
sound data, the airflow pressure data, and the hyoid bone
displacement data written in the storage medium 101, for a
predetermined period, as the waveforms of analog signals
before being subjected to A/D conversion. In FIGS. 9A to 9C,
signals in 2 seconds are extracted and shown. However, actu-
ally, data corresponding to a period for which the writing
process has been performed is stored in the storage medium
101. “Biological sound generation interval” shown in FIGS.
9A and 9C and “apneic interval” shown in FIGS. 9B and 9C
will be described later.

[0077] With reference back to FIG. 6, upon receiving a start
instruction via the input part 330 (S201: YES) after having
stored the biological sound data, the airflow pressure data,
and the hyoid bone displacement data into the hard disk 314,
the control part 313 of the information processing device 300
performs the process below.

[0078] The control part 313 creates a spectrogram by per-
forming short-time Fourier transform on the biological sound
data, and extracts biological sound generation intervals based
on the created spectrogram (S202). Specifically, with respect
to the biological sound data of the entire interval, the control
part 313 sets the window function (sampling range) to 1.5
seconds to cut out biological sound data, and performs short-
time Fourier transform on the cut-out biological sound data to
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create a spectrogram as shown in FIG. 10A. That is, Fourier
transform is performed in a unit time (time width of 1.5
seconds), and this is sequentially performed with 0.2 seconds
shifted every time, whereby a spectrogram is created. The
example shown in FIG. 10A is a spectrogram created for 20
unit-time widths, that is, for 4 seconds. Then, the control part
313 obtains the total sum of the amplitudes of the created
spectrogram to perform conversion into signal intensity data,
and extracts, as a biological sound generation interval, each
interval that has a value exceeding the noise average+2SD
(standard deviation). Accordingly, with respect to the biologi-
cal sound data of the entire interval, biological sound genera-
tion intervals are specified. FIGS. 9A and 9C additionally
show a biological sound generation interval extracted in this
mannet.

[0079] Next, with respect to the airflow pressure data, the
control part 313 extracts, as an apneic interval, each interval
that has a value less than or equal to a threshold that is set in
consideration of noise (S203). Accordingly, with respect to
the airflow pressure data of the entire interval, apneic inter-
vals are set. F1IG. 9B additionally shows an apneic interval
extracted in this manner.

[0080] Next, in each biological sound generation interval,
the control part 313 creates a mel-frequency spectrogram as
shown in FIG. 10B, from the spectrogram created in S202
(S204). In FIG. 10B, the vertical axis is expressed in the
mel-scale. Thus, in the mel-frequency spectrogram shown in
FIG. 10B, compared with the frequency spectrogram shown
in FIG. 10A, the coordinate axis in low frequency bands is
extended, and the coordinate axis in high frequency bands is
compressed. Accordingly, the resolving power for 0.7-5.0
kHz bands is enhanced.

[0081] Next, in each biological sound generation interval,
the control part 313 performs continuous wavelet transform
on the data obtained in S202 that has been subjected to the
short-time Fourier transform, to convert the data into pulses
(5205), thereby to generate the pulses as shown in FIG. 100.
In the example shown in FIG. 100, the biological sound
generation interval includes six pulses. In an enlarged sche-
matic representation of these pulses, a plurality of pulses
respectively having different widths are included as shown in
FIG. 10D.

[0082] Next, from among the biological sound generation
intervals extracted in S202, the control part 313 extracts each
biological sound generation interval that satisfies all of the
following three conditions (S206).

[0083] The first condition is that the biological sound gen-
eration interval includes an amplitude of the hyoid bone dis-
placement data whose proportion to the maximum amplitude
thereof in the entire interval is greater than or equal to a
predetermined proportion (for example, 3%). For example, in
the example shown in F1G. 9C, an amplitude A1 of the hyoid
bone displacement data in the biological sound generation
interval is large. When the amplitude of the hyoid bone dis-
placement data is large in the biological sound generation
interval, the first condition is satisfied. During swallowing,
the hyoid bone goes up, then, is displaced forward, and then,
returns to its original position. The first condition is for deter-
mining, based on the hyoid bone displacement data, whether
such a phenomenon has occurred in the biological sound
generation interval.

[0084] The second condition is that, in the mel-frequency
spectrogram of the biological sound generation interval, the
proportion of the total sum (power) of the spectrum that is
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higher than or equal to 750 Hz is greater than or equal to a
predetermined proportion (for example, 15%). Normally,
swallowing sound contains high frequency (>750 Hz) com-
ponents. The second condition is for determining, based on
the biological sound data, whether the frequency of sound
corresponding to swallowing sound has occurred in the bio-
logical sound generation interval. For example, with respect
to the example shown in FIG. 10B, in the mel-frequency
spectrogram of'the biological sound generation interval, if the
proportion of the total sum of the spectrum that is higher than
or equal to 750 Hz exceeds 15%, the second condition is
satisfied. It should be noted that the threshold is set to 750 Hz
here, but this threshold can be changed to another frequency
as appropriate, by taking statistics of actually measured val-
ues of swallowing sound.

[0085] The third condition is that the number of pulses
generated in S205 in the biological sound generation interval
is less than or equal to a predetermined number (for example,
50) and that the maximum width of the pulses generated in
S205 in the biological sound generation interval is less than or
equal to a predetermined value (for example, 15 msec). This
is because swallowing sound can be distinguished from other
sounds from the viewpoint of intermittency and continuity.
The higher the intermittency is, the more pulses having short
widths appear, and the higher the continuity is, the fewer
pulses appear and the longer the pulse width becomes. The
third condition is for determining, based on the biological
sound data, whether intermittency and continuity of sound
corresponding to swallowing sound have occurred in the bio-
logical sound generation interval. For example, with respect
to the example shown in FIGS. 10C and 10D, in the biological
sound generation interval, if the number of pulses N is less
than or equal to 50, and the maximum pulse width W is less
than or equal to 15 msec, the third condition is satisfied. It
should be noted that the threshold for the number of pulses is
setto 50, and the threshold for the maximum pulse width is set
to 15 msec here, but the threshold for the number of pulses
and the threshold for the maximum pulse width can be
changed to another number and another time width as appro-
priate, by taking statistics of actually measured values of
swallowing sound.

[0086] With reference to FIG. 7, next, the control part 313
sequentially refers to the biological sound generation inter-
vals extracted in S206, and extracts intervals in which it can
be estimated that swallowing sound has been generated, as
described below.

[0087] First, the control part 313 sets, as a reference desti-
nation, the first biological sound generation interval among
the biological sound generation intervals extracted in S206
(8207). Subsequently, the control part 313 sets a reference
range sufficiently wider than this biological sound generation
interval for the airflow pressure data, and determines whether
a apneic interval longer than or equal to a predetermined
period is included in this reference range (S208). In general,
during swallowing, respiration stops. In S208, it is deter-
mined whether swallowing has occurred in the biological
sound generation interval of the reference destination, from
the viewpoint of respiration. In the determination in S208, the
predetermined period is set to be longer than or equal to 400
msec, for example; and preferably, set to be longer than or
equal to 500 msec, or longer than or equal to 600 msec.
However, the predetermined period is not limited to these,
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and can be set to another value as long as the value can set the
lower limit of the period in which respiration stops during
swallowing.

[0088] Further, the control part 313 determines whether at
least one of the pulses (pulses obtained in S205) that corre-
spond to the biological sound generation interval of the ref-
erence destination is included in the apneic interval (5209).
Here, it is determined whether sound has been detected in the
apneic interval. That is, whether sound has been detected
while respiration has stopped is used as a further swallowing
estimation condition. When having determined as YES in
both S208 and S209, the control part 313 estimates that the
sound in the biological sound generation interval is swallow-
ing sound, and specifies this biological sound generation
interval as a swallowing sound generation interval (S210). On
the other hand, when having determined as NO in either S208
or S209, the control part 313 determines that swallowing has
not occurred in the biological sound generation interval
(S5211).

[0089] Subsequently. the control part 313 determines
whether the processes of S208 to S211 have ended for all the
biological sound generation intervals extracted in S206
(S212). When the processes of S208 to S211 have not ended
(5212: NO), the control part 313 sets the next biological
sound generation interval as the reference destination (S213)
and returns the process to S208. In this manner, the processes
of S208 to S211 are performed for all the biological sound
generation intervals extracted in S206, whereby swallowing
estimation is performed.

[0090] With reference to FIG. 8, next, the control part 313
sequentially refers to the swallowing sound generation inter-
vals extracted in S210, and determines whether there is an
aspiration risk in the swallowing sound generation interval
concerned.

[0091] First, the control part 313 sets the first swallowing
sound generation interval as a reference destination (S214).
Subsequently, the control part 313 obtains respiratory phases
immediately before and immediately after this swallowing
sound generation interval (S215). Subsequently, the control
part 313 determines whether the respiratory phase immedi-
ately before this swallowing sound generation interval is an
inspiratory phase (S216), and further determines whether the
respiratory phase immediately after this swallowing sound
generation interval is an inspiratory phase (S217). When hav-
ing determined as YES in either S216 or $217, the control part
313 determines that there is an aspiration risk in the swallow-
ing sound generation interval (S218). On the other hand,
when having determined as NO in both S216 and S217, the
control part 313 determines that there is no aspiration risk in
the swallowing sound generation interval (S219).

[0092] Subsequently. the control part 313 determines
whether the processes of S215 to S219 have ended for all the
swallowing sound generation intervals (S220). When the pro-
cesses of S215 to S219 have not ended (S220: NO), the
control part 313 sets the next swallowing sound generation
interval as the reference destination (S221) and returns the
process to S215. In this manner, with respect to all the swal-
lowing sound generation intervals, whether there is an aspi-
ration risk is determined.

[0093] Next, in response to an instruction from the operator
inputted via the input part 330, the control part 313 performs
a process of displaying, on the display part 320, a screen 410
(see FIG. 11), a screen 420 (see FIG. 12), and a screen 430
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(see FIG. 13A) based on the above processes (S222). Then,
the process performed by the information processing device
300 ends.

[0094] FIG. 11 shows the screen 410 displayed on the dis-
play part 320. The screen 410 includes icons 401, a reference
position operation part 402, and a zoom-in/zoom-out opera-
tion part 403. In the screen 410, graphs of analog waveforms
of the biological sound data, the airflow pressure data, and the
hyoid bone displacement data, and a graph of biological
sound signal waveform intensity are shown.

[0095] On the graph of the biological sound data, broken
lines are shown at positions that correspond to the swallowing
sound generation intervals, and the icons 401 are disposed
above the broken lines, respectively. When an icon 401 is
pressed, the screen 420 showing a zoomed-in state of the
corresponding swallowing sound generation interval (see
FIG. 12) is displayed on the display part 320. When the
reference position operation part 402 is operated, the time
ranges of the respective pieces of data displayed on the four
graphs are moved in a direction of advancing or reversing the
time in the entire measurement interval. When the zoom-in/
zoom-out operation part 403 is operated, the time widths of
the respective pieces of data displayed on the four graphs are
extended/compressed.

[0096] FIG.12 shows the screen 420 to be displayed on the
display part 320. The screen 420 includes an icon 421, a play
button 422, a stop button 423, a reproduction position opera-
tion part 424, and a close button 425.

[0097] In the screen 420, the analog waveform of the bio-
logical sound data and the analog waveform of the airflow
pressure data are shown in a superposed manner. Here, the
analog waveform of the biological sound data is indicated
with a solid line, and the analog waveform of the airflow
pressure data is indicated with a dotted line. An interval S1 is
a swallowing sound generation interval designated by the
icon 401 in the screen 410 of FIG. 11, and the icon 421
indicates this interval. An interval S2 is an apneic interval in
the vicinity of the interval S1.

[0098] When the play button 422 is pressed, sound that is
obtained by reproducing the biological sound data of the
interval S1 is outputted from the speaker 312. When the stop
button 423 is pressed, the reproduction is stopped. The repro-
duction position operation part 424 indicates the position of
the interval S1 of the sound to be reproduced in the entire
measurement interval. When the reproduction position opera-
tion part 424 is operated, the position at which the reproduc-
tion is performed is changed in a direction of advancing or
reversing the time.

[0099] FIG. 13A shows the screen 430 to be displayed on
the display part 320.

[0100] The screen 430 shows: “the number of swallows”
which indicates the number of swallowing sound generation
intervals extracted in the entire measurement interval of the
biological sound data; “the number of inspirations-swallows”
which indicates the number of swallowing sound generation
intervals that each have an inspiratory phase immediately
therebefore; “the number of swallows-inspirations” which
indicates the number of swallowing sound generation inter-
vals that each have an inspiratory phase immediately there-
after; and “the number of aspiration risks” which indicates the
number of swallowing sound generation intervals in which it
has been determined that there had been an aspiration risk in
S218 shown in FIG. 8.
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[0101] As described above, according to Embodiment 2,
whether swallowing has occurred is estimated based on the
biological sound in an apneic state, and thus, the swallowing
estimation accuracy can be increased. Accordingly, even if
information for swallowing estimation is collected in a living
environment, high swallowing estimation accuracy can be
maintained. As a swallowing determination condition, values
of parameters are used which indicate intermittency and con-
tinuity of sound, that is, the number and the lengths of pulses
obtained by performing short-time Fourier transform and
wavelet transform on the biological sound data. Thus, swal-
lowing estimation can be performed with high accuracy
through calculation. It should be noted that, among the bio-
logical sound generation intervals, only biological sound gen-
eration intervals that each correspond to an apneic interval are
targeted for calculation. Accordingly, the calculation load is
reduced, and swallowing estimation can be efficiently per-
formed.

[0102] Moreover, biological sound generation intervals
that each correspond to an apneic interval longer than or equal
to 400 msec are targeted for swallowing estimation, whereby
the swallowing estimation accuracy is further increased. Nor-
mally, during swallowing, respiration is stopped for a rela-
tively long time. Thus, by causing the length of the non-
respiration interval to be included in the estimation condition,
the swallowing estimation accuracy is further increased.
[0103] As shown in S209, using as a further estimation
condition whether at least one pulse is included in the apneic
interval, it is estimated whether swallowing has occurred in
the biological sound generation interval targeted for determi-
nation. Thus, since whether sound has been detected in a
period where respiration has stopped is used as a further
estimation condition, a high accuracy swallowing estimation
result can be obtained.

[0104] Further, as shown in S206, in each biological sound
generation interval, the proportion of sound having a fre-
quency band higher than or equal to 750 Hz is calculated. By
using as a further estimation condition whether the calculated
proportion exceeds a predetermined proportion, it is esti-
mated whether swallowing has occurred in the biological
sound generation interval. Since the frequency components
of sound are used as a further estimation condition, a high
accuracy swallowing estimation result can be obtained.
[0105] As shown in S208, using as a further estimation
condition whether the length of the apneic interval included in
the biological sound generation interval exceeds a threshold,
it is estimated whether swallowing has occurred in the bio-
logical sound generation interval. Since the length of the
apneic interval included in the biological sound generation
interval is used as a further estimation condition, a high accu-
racy swallowing estimation result can be obtained.

[0106] As shown in S206, using as a further estimation
condition whether the biological sound generation interval
includes an amplitude of the hyoid bone displacement data
whose proportion to the maximum amplitude thereof in the
entire interval is greater than or equal to a predetermined
proportion, it is estimated whether swallowing has occurred
in the biological sound generation interval. Since the amount
of displacement of the larynx portion is used as a further
estimation condition, a high accuracy swallowing estimation
result can be obtained.

[0107] When the play button 422 is pressed in the screen
420, the biological sound data in the designated swallowing
sound generation interval is reproduced. Thus, by actually
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listening to the sound at the timing at which it has been
estimated that swallowing had occurred, a doctor or the like
can confirm whether swallowing actually occurred at the
timing. It should be noted that the reproduction interval of the
biological sound data is not limited to the designated swal-
lowing sound generation interval, and may be an interval
having a time width previously set before and/or after the
center of designated swallowing sound generation interval,
for example. Alteratively, an interval obtained by adding a
predetermined time width before and/or after the designated
swallowing sound generation interval may be used as the
reproduction interval of the biological sound data.

[0108] Further, in the screen 410, the icons 401 are dis-
posed at positions that correspond to the swallowing sound
generation intervals, respectively, and when an icon 401 is
pressed, the screen 420 is displayed. Thus, the doctor or the
like can easily designate the timing for which he or she would
like to confirm, through sound, whether swallowing occurred.
[0109] In each of the screens 410 and 420, a graph of the
analog waveform of the biological sound data is shown. Thus,
the doctor or the like can appropriately designate the timing
for which he or she would like to confirm, through sound,
whether swallowing occurred, while confirming the sound
waveform by viewing it.

[0110] When the icon 401 is pressed on the screen 410, a
corresponding swallowing sound generation interval is dis-
played in the screen 420 in a zoomed-in manner. When the
zoom-in/zoom-out operation part 403 is operated on the
screen 410, the data displayed on the graph in the screen 410
can be zoomed-in. Thus, while confirming the sound wave-
form by viewing it, the doctor or the like can listen to the
sound. This enables more appropriate determination of
whether swallowing actually occurred at the timing.

[0111] As shown in FIG. 8, the respiratory phases before
and after the timing at which it has been estimated that swal-
lowing had occurred are detected; and based on the detected
respiratory phases, it is evaluated whether there has been a
possibility of aspiration at the timing. Then, the result of the
evaluation is displayed in the screen 430. Thus, the doctor or
the like can know whether it has been determined that there
had been an aspiration risk for the subject by viewing the
display, and thus, can utilize this knowledge in diagnosis for
the subject.

[0112] <Modification 1>

[0113] In Embodiment 2, swallowing sound generation
intervals are extracted by using three types of data, i.e., the
biological sound data, the airflow pressure data, and the hyoid
bone displacement data. However, in Modification 1, swal-
lowing sound generation intervals are extracted by using the
biological sound data and the airflow pressure data among the
three types of data above.

[0114] In Modification 1, as shown in FIG. 13B, in the
process performed by the information processing device 300
shown in FIG. 6, 3206 is replaced with S301. In S301, dif-
ferent from Embodiment 2, the first condition using the hyoid
bone displacement data is omitted.

[0115] FIG. 13C shows estimation results obtained when
swallowing estimation was performed by actually collecting
information for swallowing estimation.

[0116] Here, as shown in FIG. 4, the nasal cannula 220 and
the pad 231 were attached to the subject, and information was
collected in a living environment. The subject performs vari-
ous actions spontaneously (in a pseudo manner) such as rotat-
ing the neck, coughing, uttering sounds, swallowing air, burp-
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ing, sniffling, snoring, and deep breathing, in addition to
swallowing. Then, every time performing such an action, the
subject wrote down the time and the content of the action. In
addition, in a room adjacent to the room of the subject, utter-
ance and the like were made to generate household noises.
Also with respect to such a noise, the time and the content
were written down. Actions by the subject and generation of
household noises were made 87 times in total. Among them,
swallowing was conducted 27 times.

[0117] In FIG. 13C, swallowing estimation using *“3 ele-
ments (Embodiment 2)” was performed in the following
steps. In the following steps, the predetermined period was set
to 600 msec.

[0118] (1) Fromthebiological sound data, biological sound
generation intervals are extracted by the method described
above.

[0119] (2) In each biological sound generation interval, an
apneic interval longer than or equal to the predetermined
period is detected. Biological sound generation intervals in
which an apneic interval longer than or equal to the predeter-
mined period is not detected are not targeted for swallowing
estimation.

[0120] (3) Ineachapneic interval longer than or equal to the
predetermined period, the biological sound data is converted
into pulses.

[0121] (4) With respect to each apneic interval longer than
or equal to the predetermined period, the determination (us-
ing three parameters of hyoid bone displacement, biological
sound frequency, and biological sound pulse) in S206 in FIG.
6 is conducted, and whether the biological sound generation
interval is an estimated swallowing interval is determined.
[0122] Itshould be noted that the order of step (2) and step
(3) may be switched with each other. In this case, conversion
of the biological sound into pulses is performed on all the
biological sound generation intervals. Then, an apneic inter-
val longer than or equal to the predetermined period is
detected for each biological sound generation interval. Then,
whether the biological sound generation interval is an esti-
mated swallowing interval is determined based on the widths
and the number of the sound pulses in the apneic interval.
[0123] 1In FIG. 13C, with respect to “without hyoid bone
(Modification 1)”, in step (4) of the above algorithm, the
parameter regarding displacement of the hyoid bone was
omitted from the parameters used in the determination. With
respect to “without sound (Comparative Example 1)”, in step
(4) of the above algorithm, the parameter based on the bio-
logical sound was omitted from the parameters used in the
determination. Further, with respect to “without respiration
(Comparative Example 2)”, in the above algorithm, step (2)
was omitted, the biological sound data was converted into
pulses for all the biological sound generation intervals in step
(3), and the determination in S206 in FIG. 6 was performed
for all the biological sound generation intervals in step (4),
whereby it was determined whether the biological sound
generation interval concerned was an estimated swallowing
interval.

[0124] The lines in FIG. 13C indicate, from the top: the
number of swallows that were performed by the subject and
that could be extracted through the estimation process; the
number of swallows that were performed by the subject and
that could not be extracted through the estimation process
(non-extractions); the number of swallows that were not actu-
ally swallows but were determined as swallows through the
estimation process (erroneous extractions); and the total
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thereof. The rows are, from left, estimation results obtained in
Embodiment 2, Comparative Example 1, Comparative
Example 2, and Modification 1.

[0125] With reference to FIG. 13C, in each of the estima-
tion processes, all 27 swallows performed by the subject were
correctly estimated as swallows. However, in Comparative
Example where the airflow pressure (respiration) was not
used as a parameter, actions other than swallowing and house-
hold noises were estimated as swallows as many as 36 times.
This number greatly exceeds 27 which is the number of
correct swallowing estimations. In contrast, in Embodiment
2, Comparative Example 1, and Modification 1 where the
airflow pressure (respiration) was used as a parameter, occur-
rence of erroneous swallowing extraction was suppressed. In
particular, in Embodiment 2 where three parameters includ-
ing the airflow pressure (respiration) were used, the number
of erroneous swallowing extractions was 7, which was a
greatly reduced number.

[0126] Theestimation results shown in FIG. 13C reveal that
by causing the parameter of respiration to be included as a
swallowing estimation condition, the rate of erroneous swal-
lowing extraction is greatly reduced. In particular, as in
Embodiment 2 above, by causing the parameter of biological
sound and the parameter of hyoid bone displacement to be
included in the swallowing estimation conditions as well as
the parameter of respiration, occurrence of erroneous swal-
lowing extraction can be remarkably suppressed and swal-
lowing estimation can be performed with high accuracy.
[0127] With respect to the estimation results shown in FIG.
13C, in the estimation process in Embodiment 2, coughs by
the subject were extracted as swallows. Since almost all the
sound of a cough occurs during expiration, the sound of a
cough is excluded in step (3), and theoretically, the cough is
not determined as a swallow in normal situations. However,
actually, coughs were estimated as swallows in the measure-
ment. The reason for this is assumed as follows: in the mea-
surement in FIG. 13C, each apneic interval was extracted in
consideration of noise; thus, a small (greater than or equal to
the predetermined period in steps (3) and (4)) expiration
interval is included in the apneic interval; and due to the sound
of a cough and the movement of the hyoid bone in this
expiration interval, the cough was estimated as a swallow.
Occurrence of such an erroneous extraction can be sup-
pressed by further setting a condition “in the extracted bio-
logical sound interval, sound in the apneic interval is louder
than sound in the respiration” in addition to the steps (1)to (4)
above. This is because the sound of a cough at the start of
expiration included in an apneic interval is louder in the
expiration interval thereafter.

[0128] <Modification 2>

[0129] In Modification 2, among biological sound genera-
tion intervals, only biological sound generation intervals that
each correspond to an apneic interval longer than or equal to
a predetermined period are targeted for swallowing estima-
tion.

[0130] FIG. 14 is a flow chart showing the process per-
formed in this case. In FIG. 14, S203 to S209 in the flow
charts in FIGS. 6 and 7 are replaced with S311 to S315.
[0131] When biological sound generation intervals have
been extracted from the biological sound data in S202, bio-
logical sound generation intervals, among the extracted bio-
logical sound generation intervals, that each include an
apneic interval longer than or equal to a predetermined period
are set as reference targets for swallowing estimation (S311).
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Among the biological sound generation intervals set as the
reference targets, the first biological sound generation inter-
val is referred to (S312), and the biological sound data
included in the apneic interval in the biological sound gen-
eration interval is converted into pulses as in Embodiment 2
above (5313). Then, the swallowing condition in S206 in
FIG. 6 is applied to the value of each parameter for this apneic
interval (S314), and whether the values of all the parameters
satisfy the swallowing condition is determined (S315). When
the values of all the parameters satisfy the swallowing con-
dition (S315: YES), it is determined that swallowing has
occurred in the biological sound generation interval (S210).
When the value of at least one parameter does not satisfy the
swallowing condition (§315: NO), it is determined that swal-
lowing has not occurred in the biological sound generation
interval (S211).

[0132] In Modification 2, among biological sound genera-
tion intervals, only biological sound generation intervals that
each include an apneic interval longer than or equal to a
predetermined period are targeted for swallowing estimation.
Accordingly, calculation load can be reduced, and swallow-
ing estimation can be more efficiently performed.

[0133] <Modification 3>

[0134] In Modification 3, the control part 313 compares
biological sound data in the respiratory phase immediately
before each swallowing sound generation interval with bio-
logical sound data in the respiratory phase immediately after
the swallowing sound generation interval, thereby determin-
ing whether aspiration has occurred in the swallowing sound
generation interval.

[0135] With reference to the left part of FIG. 15, the control
part 313 performs Fourier transform on biological sound data
in the inspiratory phase immediately before a swallowing
sound generation interval and takes the integral from fre-
quency F1 to frequency F2, thereby calculating a value A.
Further, the control part 313 performs Fourier transform on
biological sound data in the expiratory phase immediately
before the swallowing sound generation interval and takes the
integral from frequency F1 to frequency F2, thereby calcu-
lating a value B. Similarly, the control part 313 performs
Fourier transform on biological sound data in the inspiratory
phase immediately after the swallowing sound generation
interval and takes the integral from frequency F1 to frequency
F2, thereby calculating a value A'. Further, the control part
313 performs Fourier transform on biological sound data in
the expiratory phase immediately after the swallowing sound
generation interval and takes the integral from frequency F1
to frequency F2, thereby calculating a value B'.

[0136] Next, the control part 313 calculates a power ratio
A/B based on the values obtained for the respiratory phases
immediately before the swallowing sound generation inter-
val, and a power ratio A'/B' based on the values obtained for
the respiratory phases immediately after the swallowing
sound generation interval. Then, when the power ratio A'/B'
has increased by a predetermined amount (for example, 50%)
from the power ratio A/B, the control part 313 determines that
aspiration has occurred in the swallowing sound generation
interval. In this manner, whether aspiration has occurred is
determined with respect to all the swallowing sound genera-
tion intervals. Similarly to Embodiment 2, the number of
aspiration risks in this case is also displayed in the screen 430
as shown in FIG. 13A.

[0137] According to Modification 3, inspiration sound and
expiration sound before and after the timing at which it has
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been estimated that swallowing had occurred are detected.
Then, based on the detected inspiration sound and expiration
sound, itis evaluated whether there has been an aspiration risk
atthattiming. Then, the result of the evaluation is displayed in
the screen 430. Thus, similarly to Embodiment 2, the doctor
or the like can know whether it has been determined that there
had been an aspiration risk for the subject by viewing the
display, and thus, can utilize this knowledge in diagnosis for
the subject.

[0138] <Other Modifications>

[0139] InS202ofEmbodiment 2 and Modification 2, short-
time Fourier transform is performed on biological sound data,
then, the total sum of the amplitudes is calculated to obtain
signal intensity, and then, the obtained signal intensity is
compared with a threshold, whereby biological sound gen-
eration intervals are extracted. However, the method for
extracting biological sound generation intervals is not limited
thereto. For example, biological sound is subjected to full-
wave rectification, then, to leak integration, and an interval
that has a value exceeding the average+2SD (standard devia-
tion) of the value in the soundless interval thereof may be
defined as a biological sound generation interval. Also, the
method for setting the threshold is not limited thereto, and as
long as a biological sound generation interval can be
extracted, another method may be used.

[0140] InEmbodiment 2, various types of data is sent from
the terminal device 210 to the information processing device
300 by means of the storage medium 101. However, the
sending method is not limited thereto, and various types of
data may be transmitted from the storage part of the terminal
device 210 to the information processing device 300 over a
wired or wireless communication network. Further, the ter-
minal device 210 may have the function of the information
processing device 300 and the information processing device
300 may be omitted. In this case, the control part 214 of the
terminal device 210 performs all the processes performed by
the information processing device shown in FIGS. 6 to 8, and
outputs screens and the like showing results to the display part
211

[0141] In addition to the above, various modifications can
be made as appropriate, without departing from the scope of
the technical idea defined by the claims.

[0142] From the embodiments above, an invention accord-
ing to the claim below can also be derived. In this invention,
parameters used in swallowing estimation are not limited to
the parameters presented in the embodiments above. One or
more of the parameters above can be combined together.
Alternatively, other parameters can also be used. This claim
can have claims 8 and 9 dependent therefrom.

[0143] <Claim>
[0144] A swallowing estimation device comprising:
[0145] asound detection part configured to detect sound of

a larynx portion;
[0146] a storage part in which sound information outputted
from the sound detection part is stored;

[0147] aswallowing estimation part configured to estimate
swallowing;
[0148] an output part configured to output information

based on a result of the estimation performed by the swallow-
ing estimation part; and

[0149] an input part capable of designating a timing at
which the swallowing estimation part has estimated that swal-
lowing had occurred, wherein
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[0150] the output part obtains from the storage part the
sound information having a time width including the timing
designated via the input part, and outputs, to outside, sound
that is obtained by reproducing the obtained sound informa-
tion.

[0151] According to this invention, a significant effect can
be obtained that the doctor or the like actually listens to the
sound at the timing at which it has been estimated that swal-
lowing had occurred, thereby being able to confirm whether
swallowing actually occurred at the timing.

[0152] Moreover, from the embodiments above, an inven-
tion according to the claim below can also be derived. This
claim can be dependent from claim 8 or 9.

[0153] <Claim>
[0154] A swallowing estimation device wherein
[0155] the output part obtains from the storage part the

sound information having a time width including the timing
designated via the input part, and displays a sound waveform
based on the obtained sound information, in a zoomed-in
mannet.

[0156] According to this invention, the doctor or the like
can listen to the sound, while confirming the sound waveform
by viewing it. Accordingly, it is possible to more appropri-
ately determine whether swallowing actually occurred at the
timing.

INDUSTRIAL APPLICABILITY

[0157] The swallowing estimation device according to the
present invention has an excellent swallowing estimation
function, and can be used in the field of medical devices.
What is claimed is:
1. A swallowing estimation device comprising:
a sound detection part configured to detect sound of a
larynx portion;
arespiration detection part configured to detect respiration;
and
a swallowing estimation part configured to estimate swal-
lowing based on sound information outputted from the
sound detection part and based on respiration informa-
tion outputted from the respiration detection part,
wherein
the swallowing estimation part obtains a value of a param-
eter for swallowing estimation with respect to a biologi-
cal sound generation interval that corresponds to a res-
piratory cessation (apnea) interval longer than or equal
to 400 msec, and estimates whether swallowing has
occurred in the biological sound generation interval
based on whether the obtained value of the parameter
satisfies a swallowing determination condition.
2. The swallowing estimation device according to claim 1,
wherein
as the value of the parameter for the swallowing estimation,
the swallowing estimation part obtains, through calcu-
lation, a value of a parameter indicating intermittency
and continuity of the sound.
3. The swallowing estimation device according to claim 2,
wherein
the swallowing estimation part obtains a pulse signal by
performing calculation processing of Fourier transform
and wavelet transform on the sound information, and
obtains the number and a length of the obtained pulse
signal as the value of the parameter.
4. The swallowing estimation device according to claim 1,
wherein
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the swallowing estimation part calculates a proportion of
sound having a frequency band exceeding a predetet-
mined frequency in the biological sound generation
interval, and estimates whether swallowing has occurred
in the biological sound generation interval, using as a
further estimation condition whether the calculated pro-
portion exceeds a threshold.
5. The swallowing estimation device according to claim 1,
further comprising
a displacement detection part configured to detect dis-
placement of the larynx portion, wherein
using as a further estimation condition whether an amount
of the displacement of the larynx portion detected by the
displacement detection part in the biological sound gen-
eration interval exceeds a threshold, the swallowing esti-
mation part estimates whether swallowing has occurred
in the biological sound generation interval.
6. The swallowing estimation device according to claim 1,
comprising
an output part configured to output information based on a
result of the estimation performed by the swallowing
estimation part.
7. The swallowing estimation device according to claim 6,
comptrising:
a storage part in which the sound information outputted
from the sound detection part is stored; and
an input part capable of designating a timing at which the
swallowing estimation part has estimated that swallow-
ing had occurred, wherein
the output part obtains from the storage part the sound
information having a time width including the timing
designated via the input part, and outputs, to outside,
sound that is obtained by reproducing the obtained
sound information.
8. The swallowing estimation device according to claim 7,
wherein
the output part displays a screen in which the timing at
which it has been estimated that swallowing had
occurred 1s superposed on a time axis, and
the input part is configured to be capable of designating the
timing displayed in the screen.
9. The swallowing estimation device according to claim 8,
wherein
the output part displays, along with the timing, a sound
waveform based on the sound information so as to be
superposed on the time axis.
10. The swallowing estimation device according to claim
7, wherein
the swallowing estimation part detects, from the respira-
tion information, respiratory phases before and after the
timing at which the swallowing estimation part has esti-
mated that swallowing had occurred, and evaluates
whether there has been a possibility of aspiration at the
timing based on the detected respiratory phases, and
the output part outputs information based on a result of the
evaluation performed by the swallowing estimation part.
11. The swallowing estimation device according to claim
7, wherein
the swallowing estimation part detects, from the sound
information, inspiration sound and expiration sound
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before and after the timing at which the swallowing
estimation part has estimated that swallowing had
occurred, and evaluates whether there has been a possi-
bility of aspiration at the timing based on the detected
inspiration sound and expiration sound, and

the output part outputs information based on a result of the
evaluation performed by the swallowing estimation part.

12. A swallowing estimation device comprising:

a biological sound detection means configured to detect
biological sound at a larynx portion;

respiration detection means configured to detect change in
airflow of respiration;

a signal intensity conversion means configured to convert
biological sound data obtained by sampling the biologi-
cal sound into signal intensity data;

signal interval identification means configured to identify a
signal interval having an intensity level higher than or
equal to a noise level based on the signal intensity data;

respiration identification means configured to identify an
apneic interval based on airflow pressure data obtained
by sampling change in the respiration;

signal pulsing means configured to obtain a signal intensity
that corresponds to a sampling timing in the apneic
interval that is longer than or equal to a predetermined
period and that overlaps the signal interval, and config-
ured to generate a signal pulse having a width that cor-
responds to a period in which the signal intensity is
greater than or equal to a predetermined level;

swallowing reflex estimation means configured to esti-
mate, as an estimated swallowing reflex interval, the
apneic interval that satisfies a determination condition
that the number of the signal pulses in the apneic interval
longer than or equal to the predetermined period is less
than or equal to a predetermined number and a width of
each signal pulse in the apneic interval longer than or
equal to the predetermined period is less than or equal to
a predetermined period; and

display means configured to display the estimated swal-
lowing reflex interval.

13. An information terminal device comprising:

a sound detection part configured to detect sound of a
larynx portion;

arespiration detection part configured to detect respiration;
and

a storage part in which sound information outputted from
the sound detection part and respiration information out-
putted from the respiration detection part are stored.

14. A storage medium having stored therein a program

which provides a computer with:

a function of obtaining a value of a parameter for swallow-
ing estimation, with respect to a biological sound gen-
eration interval that corresponds to an apneic interval
longer than or equal to a predetermined period; and

a function of estimating whether swallowing has occurred
in the biological sound generation interval based on
whether the obtained value of the parameter satisfies a
swallowing determination condition.
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