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SWALLOWING DIAGNOSIS APPARATUS
AND STORAGE MEDIUM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Application No. PCT/JP2017/037191 filed on Oct. 13,2017,
entitled “DEGLUTITION DIAGNOSIS DEVICE AND
PROGRAM?”, which claims priority under 35 U.S.C. Sec-
tion 119 of Japanese Patent Application No. 2016-203157
filed on Oct. 14, 2016, entitled “SWALLOWING DIAG-
NOSIS DEVICE AND PROGRAM?”. The disclosure of the
above applications is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a swallowing diag-
nosis apparatus for diagnosing a risk of aspiration, and
relates to a storage medium having stored therein a program
for providing a function of swallowing diagnosis to a
computer.

2. Disclosure of Related Art

[0003] Aspiration pneumonias caused by aspiration are
serious problems, particularly for elderly persons. “Aspira-
tion” is a pathological condition in which swallowing cannot
be appropriately performed and the thing having taken in
enters not the esophagus but the trachea. At present, there is
a desire for development of swallowing diagnosis appara-
tuses that can appropriately diagnose a risk of aspiration.
[0004] Japanese National Phase PCT Laid-Open Publica-
tion No. 2008-502386 describes a system in which: features
are extracted from an acceleration signal with respect to the
pharynx; and, on the basis of the extracted features, swal-
lowing activities (swallowing, aspiration, and the like) are
classified by a radial basis function neural network. In the
system, stationarity, normality, and dispersion ratio are used
as the features extracted from the acceleration signal. As for
the classified swallowing activities, swallowing and aspira-
tion are indicated in different colors.

[0005] Aspiration could occur as a result of characteristics
(habit, etc.) of an individual being modified due to the age
or diseases. Meanwhile, even when an individual does not
have such characteristics, aspiration could occur due to
dysphagia caused by diseases and the like. Therefore, it is
desirable to comprehensively determine the risk of aspira-
tion in a patient on the basis of these aspects.

SUMMARY OF THE INVENTION

[0006] A first mode of the present invention relates to a
swallowing diagnosis apparatus. A swallowing diagnosis
apparatus according to this mode includes: a sound detection
part configured to detect sound of a larynx portion; a
respiration detection part configured to detect respiration;
and a controller. The controller is configured to perform: a
swallowing estimation process of estimating that swallow-
ing has occurred, on the basis of matching realized between
a biogenic sound generation interval for which a feature
quantity satisfying a swallowing estimation condition has
been obtained in sound information outputted from the
sound detection part, and an apneic interval for which
respiration has not been detected for longer than or equal to
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a predetermined time in respiration information outputted
from the respiration detection part; a first swallowing detet-
mination process of detecting, from the respiration informa-
tion, respiratory phases before and after a period in which
swallowing has been estimated as having occurred by the
swallowing estimation process, and determining whether or
not there is an aspiration risk in the swallowing on the basis
of the detected respiratory phases; a second swallowing
determination process of extracting reference information
including at least one of the sound information and the
respiration information in a predetermined period including
the period in which swallowing has been estimated as
having occurred by the swallowing estimation process,
obtaining a feature quantity from the extracted reference
information, and performing a machine learning process on
the obtained feature quantity to determine whether or not
there is a possibility of dysphagia in the swallowing; and a
display control process of causing a display to display, in a
contrastable manner, a determination result obtained by the
first swallowing determination process and a determination
result obtained by the second swallowing determination
process with respect to an identical period in which swal-
lowing has been estimated as having occurred by the swal-
lowing estimation process.

[0007] A second mode of the present invention relates to
a swallowing diagnosis apparatus. A swallowing diagnosis
apparatus according to this mode includes: a sound detection
part configured to detect sound of a larynx portion; a
respiration detection part configured to detect respiration;
and a controller. The controller is configured to perform: a
swallowing estimation process of estimating that swallow-
ing has occurred, on the basis of matching realized between
a biogenic sound generation interval for which a feature
quantity satisfying a swallowing estimation condition has
been obtained in sound information outputted from the
sound detection part, and an apneic interval for which
respiration has not been detected for longer than or equal to
a predetermined time in respiration information outputted
from the respiration detection part; and a swallowing deter-
mination process of extracting reference information includ-
ing at least one of the sound information and the respiration
information in a predetermined period including a period in
which swallowing has been estimated as having occurred by
the swallowing estimation process, subjecting the extracted
reference information to Fourier transform to obtain a fre-
quency spectrum, applying linear predictive coding to the
obtained frequency spectrum to obtain a spectrum envelope,
sampling the obtained spectrum envelope at a predetermined
frequency interval to obtain a feature quantity, and perform-
ing a machine learning process on the obtained feature
quantity to determine whether or not there is a possibility of
dysphagia in the swallowing.

[0008] A third mode of the present invention is a storage
medium having stored therein a program configured to
provide a computer with the functions of the swallowing
estimation process, the first swallowing determination pro-
cess, the second swallowing determination process, and the
display control process according to the first mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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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[0010] FIG. 1 is an external view showing a configuration
of a swallowing diagnosis apparatus according to an
embodiment;

[0011] FIG. 2 is a block diagram showing a configuration
of the swallowing diagnosis apparatus according to the
embodiment;

[0012] FIGS. 3A to 3C are diagrams respectively showing
examples of respiratory pressure data, biogenic sound data,
and larynx displacement data according to the embodiment;
[0013] FIG. 4A is a schematic diagram showing a spec-
trogram according to the embodiment;

[0014] FIG. 4B is a schematic diagram showing a mel-
frequency spectrogram according to the embodiment;
[0015] FIG. 4C is a diagram showing pulses obtained
through continuous wavelet transform according to the
embodiment;

[0016] FIG. 4D is an enlarged schematic diagram showing
pulses obtained through continuous wavelet transform
according to the embodiment;

[0017] FIG. 5A is a flow chart showing a process of
obtaining various types of data in the swallowing diagnosis
apparatus according to the embodiment;

[0018] FIG. 5B is a flow chart showing a swallowing
diagnosis process performed in the swallowing diagnosis
apparatus according to the embodiment;

[0019] FIG. 6 is a flow chart showing a first swallowing
determination process performed in the swallowing diagno-
sis apparatus according to the embodiment;

[0020] FIG. 7isaflow chart showing a second swallowing
determination process performed in the swallowing diagno-
sis apparatus according to the embodiment;

[0021] FIG. 8 is a diagram showing a method for setting
an extraction interval for various types of data in the second
swallowing determination process according to the embodi-
ment;

[0022] FIGS. 9A and 9B are each a diagram showing a
method for obtaining a parameter value based on an LPC
spectrum in Examination 1 according to the embodiment;
[0023] FIGS. 10A to 10C are each a diagram showing
examination results obtained when the LPC spectrum was
used as a feature parameter in Examination 1 according to
the embodiment;

[0024] FIGS. 11A to 11C are each a diagram showing
examination results obtained when the coefficient at an LPC
order was used as the feature parameter in Examination 1
according to the embodiment;

[0025] FIGS. 12A to 12C are each a diagram showing
examination results obtained when MFCC was used as the
feature parameter in Examination 1 according to the
embodiment;

[0026] FIGS.13Ato 13C are each a diagram summarizing
the examination results of Examination 1 according to the
type of data (larynx displacement, respiratory pressure,
swallowing sound), according to the embodiment;

[0027] FIG. 14 is a diagram showing, by numerical values,
the examination results obtained when the feature parameter
value was obtained on the basis of the LPC spectrum
according to a non-time-series method in Examination 2
according to the embodiment;

[0028] FIG. 15 is a diagram showing, by numerical values,
the examination results obtained when the feature parameter
value was obtained on the basis of the LPC spectrum
according to a time-series method in Examination 2 accord-
ing to the embodiment;
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[0029] FIG. 16 is a graph showing the examination result
obtained with respect to healthy subject data when the
feature parameter value was obtained on the basis of the
LPC spectrum according to the non-time-series method in
Examination 2 according to the embodiment;

[0030] FIG. 17 is a graph showing the examination result
obtained with respect to patient data when the feature
parameter value was obtained on the basis of the LPC
spectrum according to the non-time-series method in Exami-
nation 2 according to the embodiment;

[0031] FIG. 18 is a graph showing the examination result
obtained with respect to healthy subject data when the
feature parameter value was obtained on the basis of the
LPC spectrum according to the time-series method in
Examination 2 according to the embodiment;

[0032] FIG. 19 is a graph showing the examination result
obtained with respect to patient data when the feature
parameter value was obtained on the basis of the LPC
spectrum according to the time-series method in Examina-
tion 2 according to the embodiment;

[0033] FIG. 20A is a diagram summarizing, in a table, the
examination results of Examination 2 according to the
embodiment;

[0034] FIG. 20B is a diagram summarizing, in a table, the
examination results of Examination 3 according to the
embodiment;

[0035] FIG. 21 is a graph showing the examination result
obtained with respect to healthy subject data when extrac-
tion of the feature quantity was performed by use of the LPC
spectrum according to the time-series method in Examina-
tion 3 of the embodiment;

[0036] FIG. 22 is a graph showing the examination result
obtained with respect to patient data when extraction of the
feature quantity was performed by use of the LPC spectrum
according to the time-series method in Examination 3
according to the embodiment;

[0037] FIG. 23A is a diagram showing a configuration of
a screen for displaying a diagnosis result of the swallowing
diagnosis apparatus according to the embodiment;

[0038] FIGS. 23B to 23E are each a diagram showing a
display form for a first determination result according to the
embodiment;

[0039] FIG. 24 is a schematic diagram showing a configu-
ration of a system for updating teaching data to be used by
a second swallowing determination part in the swallowing
diagnosis apparatus according to the embodiment; and
[0040] FIG. 25 is an external view showing a configura-
tion of the swallowing diagnosis apparatus according to a
modification.

[0041] It should be noted that the drawings are solely for
description and do not limit the scope of the present inven-
tion by any degree.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] FIG. 1 is an external view showing a swallowing
diagnosis apparatus 100 according to the present embodi-
ment.

[0043] The swallowing diagnosis apparatus 100 includes a
terminal device 110, a nasal cannula 120, and a detection
part 130.

[0044] The terminal device 110 includes a display 111 and
an input part 112. The terminal device 110 is configured to
be small and light in weight so as to be easily carried by a
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patient. The display 111 is implemented by a color liquid-
crystal monitor. The input part 112 includes a button 112a
for starting and ending a swallowing diagnosis. Further, the
input part 112 includes a group of keys, which are used for
setting operation while a cover 1125 is open.

[0045] The nasal cannula 120 includes: an attachment part
121 having a pair of tubular members; and a tube 122
connected to both ends of the attachment part 121. The pair
of tubular members of the attachment part 121 are inserted
into the nasal cavities of the patient, and the other end of the
tube 122 is connected to the terminal device 110. Accord-
ingly, when the patient performs respiration, the air in the
tube 122 flows, and the flow of the air in the tube 122 is
detected as a pressure by a pressure sensor 114 (see FIG. 2)
in the terminal device 110. Even when the patient is breath-
ing through the mouth, since the nasal cavities and the oral
cavity are connected to each other, the air in the tube 122
flows and the pressure changes.

[0046] The detection part 130 includes a pad 131 which is
thin and flexible; and a cable 132. The pad 131 is attached
to a larynx portion of the patient. The pad 131 includes: a
sound sensor 131a (see FIG. 2) for detecting sound of the
larynx portion; and a displacement sensor 1315 (see FIG. 2)
for detecting, in terms of pressure, a displacement of the
hyoid bone in accordance with deformation of the larynx
portion. The other end of the cable 132 is connected to the
terminal device 110.

[0047] The nasal cannula 120 and the pressure sensor 114
constitute a respiration detection part. The sound sensor
131a constitutes a sound detection part. The displacement
sensor 131b constitutes a displacement detection part. A
pressure signal outputted from the pressure sensor 114, a
sound signal outputted from the sound sensor 131a, and a
displacement signal outputted from the displacement sensor
1315 are examples of respiration information, sound infor-
mation, and displacement information, respectively.

[0048] FIG. 2 is a block diagram showing a configuration
of the swallowing diagnosis apparatus 100.

[0049] The terminal device 110 includes: a sound output
part 113, the pressure sensor 114, an A/D conversion part
115, a controller 116, and a storage part 117, in addition to
the display 111 and the input part 112 shown in FIG. 1.
[0050] The sound output part 113 includes a buzzer and a
speaker, and outputs to outside a predetermined sound on the
basis of control by the controller 116.

[0051] The pressure sensor 114 detects, as a pressure, the
flow of air guided by the tube 122 of the nasal cannula 120,
and outputs the detected analog pressure signal to the A/D
conversion part 115. The detection part 130 includes the
sound sensor 131a and the displacement sensor 1315. The
sound sensor 131a detects sound in the vicinity of the larynx
portion of the patient, and outputs the detected analog sound
signal to the A/D conversion part 115. The displacement
sensor 1315 detects, as a displacement of the hyoid bone,
deformation of the larynx portion of the patient, and outputs
the detected analog displacement signal to the A/D conver-
sion part 115.

[0052] The A/D conversion part 115 samples, in a prede-
termined cycle, the pressure signal, the sound signal, and the
displacement signal respectively outputted from the pressure
sensor 114, the sound sensor 131a, and the displacement
sensor 1315, and outputs pieces of digital data that corre-
spond to the respective sampled signals, to the controller
116.
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[0053] Hereinafter, the respective pieces of digital data
obtained through A/D conversion of the pressure signal, the
sound signal, and the displacement signal will be referred to
as respiratory pressure data, biogenic sound data, and larynx
displacement data.

[0054] The controller 116 includes an arithmetic process-
ing circuit such as a CPU (Central Processing Unit), and
controls components of the terminal device 110 in accor-
dance with a program stored in the storage part 117. The
storage part 117 includes a storage medium such as a ROM
(Read Only Memory), a RAM (Random Access Memory),
or the like, and stores therein a program to be executed by
the controller 116. The storage part 117 is used as a work
area for processing performed by the controller 116.
[0055] The controller 116 is provided with functions of a
swallowing estimation part 116a, a first swallowing deter-
mination part 1165, a second swallowing determination part
116¢, and a display control part 1164, by the program stored
in the storage part 117. This program may be installed in the
storage part 117 in advance, or may be downloaded to the
storage part 117 from an attachable/detachable memory
medium or a communication network.

[0056] The swallowing estimation part 1164 estimates that
a swallowing has been performed by the patient, on the basis
of respiratory pressure data, biogenic sound data, and larynx
displacement data inputted from the A/D conversion part
115. The swallowing estimation method performed in the
swallowing estimation part 116a will be described later with
reference to FIGS. 3A to 3C, and FIGS. 4A to 4D.

[0057] With respect to the swallowing estimated by the
swallowing estimation part 1164, the first swallowing deter-
mination part 1165 determines whether or not there is a risk
of aspiration. This determination is performed on the basis
of the respiratory pressure data inputted from the A/D
conversion part 115. The swallowing risk determination
method performed in the first swallowing determination part
1165 will be described later with reference to FIG. 6.
[0058] With respect to the swallowing estimated by the
swallowing estimation part 1164, the second swallowing
determination part 116¢ determines whether or not there is
a possibility of dysphagia. This determination is performed
on the basis of at least one of the respiratory pressure data,
the biogenic sound data, and the larynx displacement data
inputted from the A/D conversion part 115. In the present
embodiment, the determination in the second swallowing
determination part 116¢ is performed, using all of the
respiratory pressure data, the biogenic sound data, and the
larynx displacement data. The dysphagia possibility deter-
mination method performed in the second swallowing deter-
mination part 116¢ will be described later with reference to
FIG. 7 and FIG. 8.

[0059] The display control part 1164 performs a process
of: configuring a screen including determination results
obtained in the first swallowing determination part 1165 and
the second swallowing determination part 116¢; and causing
the display 111 to display the screen. The screen configured
by the display control part 1164 will be described later with
reference to FIGS. 23A and 23B.

[0060] <Swallowing Estimation Method>

[0061] Next, with reference to FIGS. 3A to 3C and FIGS.
4A to 4D, the swallowing estimation method performed in
the swallowing estimation part 1164 is described.

[0062] FIGS. 3A to 3C are diagrams respectively showing
examples of respiratory pressure data, biogenic sound data,
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and larynx displacement data. In FIGS. 3A to 3C, biogenic
sound data, respiratory pressure data, and larynx displace-
ment data obtained in the same period and yet to be
subjected to A/D conversion are shown in the form of analog
signal waveforms. The horizontal axis represents time (sec-
ond), and the vertical axis represents intensity after normal-
ization.

[0063] The swallowing estimation part 116a creates a
spectrogram by performing short-time Fourier transform on
the biogenic sound data, and extracts biogenic sound gen-
eration intervals on the basis of the created spectrogram.
Specifically, with respect to the biogenic sound data of the
entire interval, the swallowing estimation part 116 sets the
window function (sampling range) to 1.5 seconds to cut out
biogenic sound data, and performs short-time Fourier trans-
form on the cut-out biogenic sound data to create a spec-
trogram as shown in FIG. 4A. That is, the swallowing
estimation part 116a performs Fourier transform in a unit
time (time width: 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. 4Ais a
spectrogram created for 20 unit-time widths, that is, for 4
seconds.

[0064] The swallowing estimation part 116a obtains the
total sum of the amplitudes of the created spectrogram to
perform conversion into signal intensity data, and extracts,
as a biogenic sound generation interval, each interval that
has a value exceeding the noise average+2SD (standard
deviation). Accordingly, with respect to the biogenic sound
data of the entire interval, biogenic sound generation inter-
vals are specified. FIGS. 3B and 3C additionally show a
biogenic sound generation interval extracted in this manner.

[0065] Next, with respect to the respiratory pressure data,
the swallowing estimation part 116a 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. Accordingly,
with respect to the respiratory pressure data of the entire
interval, apneic intervals are set. FIG. 3A additionally shows
an apneic interval extracted in this manner.

[0066] Next, in each biogenic sound generation interval,
the swallowing estimation part 1164 creates a mel-frequency
spectrogram as shown in FIG. 4B, from the spectrogram
described above. In FIG. 4B, the vertical axis is expressed
in the mel-scale. Thus, in the mel-frequency spectrogram
shown in FIG. 4B, compared with the frequency spectro-
gram shown in FIG. 4A, the coordinate axis in low fre-
quency bands is expanded, and the coordinate axis in high
frequency bands is compressed. Accordingly, the resolving
power for low frequency bands is enhanced.

[0067] Next, in each biogenic sound generation interval,
the swallowing estimation part 116a performs continuous
wavelet transform on the data having been subjected to the
short-time Fourier transform described above, to convert the
data into pulses, thereby generating the pulses as shown in
FIG. 4C. In the example shown in FIG. 4C, the biogenic
sound generation interval includes six pulses. In an enlarged
schematic representation of these pulses, a plurality of
pulses having different widths are included as shown in FIG.
4D.

[0068] Next, from among the biogenic sound generation
intervals, the swallowing estimation part 116a extracts each
biogenic sound generation interval that satisfies all of the
following three conditions.
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[0069] The first condition is that the biogenic sound gen-
eration interval includes an amplitude that is greater than or
equal to a predetermined threshold. For example, in the
example shown in FIG. 3C, an amplitude Al of the larynx
displacement data in the biogenic sound generation interval
is large. When the amplitude of the larynx displacement data
is large in the biogenic 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 determining, on
the basis of the larynx displacement data, whether or not
such a phenomenon has occurred in the biogenic sound
generation interval.

[0070] The second condition is that, in the mel-frequency
spectrogram of the biogenic sound generation interval, the
proportion of the total sum (power) of the spectrum that is
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 components. The
second condition is for determining, on the basis of the
biogenic sound data, whether or not the frequency of sound
corresponding to swallowing sound has occurred in the
biogenic sound generation interval. For example, with
respect to the example shown in FIG. 4B, in the mel-
frequency spectrogram of the biogenic 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. Here, the threshold is set to 750
Hz, but this threshold can be changed to another frequency
as appropriate, by taking statistics of actually measured
values of swallowing sound.

[0071] The third condition is that the number of pulses
shown in FIG. 4C in the biogenic 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 the biogenic sound generation interval is less
than or equal to a predetermined value (for example, 15
msec). This is because swallowing sound can be distin-
guished from other sounds from the viewpoint of intermit-
tency 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,
on the basis of the biogenic sound data, whether or not
intermittency and continuity of sound corresponding to
swallowing sound have occurred in the biogenic sound
generation interval.

[0072] Forexample, with respect to the example shown in
FIGS. 4C and 4D, in the biogenic 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. Here, the threshold for the
number of pulses is set to 50 and the threshold for the
maximum pulse width is set to 15 msec, 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 appropriate, by taking statistics of actually
measured values of swallowing sound.

[0073] The swallowing estimation part 116a determines
whether or not a biogenic sound generation interval satis-
fying the three conditions above is included in the apneic
interval. In general, during swallowing, respiration stops.
When a biogenic sound generation interval satisfying the
three conditions above is included in the apneic interval, the
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swallowing estimation part 116a estimates that this biogenic
sound generation interval is an interval in which swallowing
has occurred.

[0074] Among the three conditions above, the first condi-
tion (amplitude of larynx displacement) may be excluded.
However, if the first condition is included, the accuracy of
swallowing estimation can be more enhanced.

[0075] <Swallowing Diagnosis Process>

[0076] Next, with reference to FIG. 5A to FIG. 7, the
process during a swallowing diagnosis is described.

[0077] FIG. 5A is a flow chart showing a process of
obtaining various types of data.

[0078] When the button 112a shown in FIG. 1 is operated
and a swallowing diagnosis for a patient is started, the
controller 116 causes the pressure sensor 114, the sound
sensor 131a, and the displacement sensor 1315 to operate,
continuously obtains respiratory pressure data, biogenic
sound data, and larynx displacement data, and then stores
each piece of the obtained data into the storage part 117 as
needed (S101 to S103). Until the button 1124 is operated
again and the swallowing diagnosis ends (S104: YES), the
controller 116 continues the processes of steps S101 to S103.
[0079] FIG. 5B is a flow chart showing a swallowing
diagnosis process. Among the steps included in the flow
chart shown in FIG. 5B, steps S201 to S204 are performed
by the swallowing estimation part 1164, step S205 is per-
formed by the first swallowing determination part 1165 and
the second swallowing determination part 116¢, and step
S206 is performed by the display control part 116d.

[0080] When the swallowing diagnosis has been started,
the swallowing estimation part 116a sequentially and in real
time refers to respiratory pressure data, biogenic sound data,
and larynx displacement data which are continuously stored
in the storage part 117, and repeats the processes of steps
S201 to S203. First, the swallowing estimation part 116a
extracts an apneic interval from respiratory pressure data
(S201), and extracts a biogenic sound generation interval
from biogenic sound data (S202). Then, with respect to the
apneic interval and the biogenic sound generation interval
that have been extracted, the swallowing estimation part
116a determines whether or not the swallowing condition
described with reference to FIG. 3A to FIG. 4D is satisfied
(8203). More specifically, the swallowing estimation part
116a determines whether or not the pieces of data in the
biogenic sound generation interval satisfy the three condi-
tions above and the biogenic sound generation interval is
included in the apneic interval.

[0081] When the determination in step S203 is YES, the
swallowing estimation part 116a estimates that swallowing
has been performed in the biogenic sound generation intet-
val, and sets the biogenic sound generation interval as a
swallowing sound generation interval (S204). Upon the
estimation that swallowing has occurred, a swallowing
determination process by the first swallowing determination
part 1165 and the second swallowing determination part
116¢ is performed (S205).

[0082] When the swallowing determination process by the
first swallowing determination part 1165 and the second
swallowing determination part 116¢ has been performed in
step S205, the display control part 1164 causes the display
111 to display determination results obtained by the first
swallowing determination part 1165 and the second swal-
lowing determination part 116c (S206). Then, when the
swallowing diagnosis process has not ended (S207: NO), the
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controller 116 returns the process to S201, and performs the
same process with respect to each of subsequent data.
Accordingly, the display on the display 111 is updated as
needed.

[0083]

[0084] FIG. 6 is a flow chart showing a first swallowing
determination process performed by the first swallowing
determination part 1165 in step S205 shown in FIG. 5B.

[0085] On the basis of the respiratory pressure data stored
in the storage part 117, the first swallowing determination
part 1165 obtains respiratory phases immediately before and
immediately after the swallowing sound generation interval
(the biogenic sound generation interval in which swallowing
has occurred) set in step S204 (S301). Then, the first
swallowing determination part 1165 determines whether or
not the respiratory phase immediately before the swallowing
sound generation interval is an inspiratory phase (S302), and
further determines whether or not the respiratory phase
immediately after this swallowing sound generation interval
is an inspiratory phase (S303).

[0086] When the first swallowing determination part 1165
has determined as YES in either one of S302 and S303, i.e.,
when the first swallowing determination part 1165 has
determined that at least one of the respiratory phases before
and after the swallowing sound generation interval is an
inspiratory phase, the first swallowing determination part
1165 determines that there is an aspiration risk in the
swallowing sound generation interval (S304). On the other
hand, when the first swallowing determination part 1165 has
determined as NO in both S302 and 8303, i.e., when the first
swallowing determination part 1165 has determined that
both of the respiratory phases before and after the swallow-
ing sound generation interval are expiratory phases, the first
swallowing determination part 1165 determines that there is
no aspiration risk in the swallowing sound generation inter-
val (S305).

[0087]

[0088] FIG. 7is a flow chart showing a second swallowing
determination process performed by the second swallowing
determination part 116¢ in step S205 shown in FIG. 5B.

[0089] The second swallowing determination part 116¢
extracts respiratory pressure data, biogenic sound data, and
larynx displacement data in a predetermined interval (here-
inafter, referred to as “extraction interval) including the
swallowing sound generation interval, and obtains a prede-
termined feature parameter value (vector) with respect to
each extracted data (S401). The feature parameter value
obtained here is a parameter value to be handled in a
machine learning process by a support vector machine
(hereinafter, referred to as “SVM”) in the subsequent step
S402. For example, the feature parameter value is set as
follows.

[0090] First, each of the respiratory pressure data, the
biogenic sound data, and the larynx displacement data
extracted in the extraction interval is subjected to Fourier
transform to obtain a frequency spectrum. Next, linear
predictive coding (LPC) is applied to the obtained frequency
spectrum to obtain a spectrum envelope. Then, the obtained
spectrum envelope is sampled at a predetermined frequency
interval, and a vector composed of the group of these sample
values is obtained as the feature parameter value (feature
quantity).

<First Swallowing Determination Process>

<Second Swallowing Determination Process>
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[0091] FIG. 8 is a diagram showing a method for setting
the extraction interval for various types of data in the second
swallowing determination process.

[0092] As shown in FIG. 8, the extraction interval is set so
as to include a biogenic sound generation interval (swal-
lowing sound generation interval). Here, the extraction
interval is set on the basis of larynx displacement data. That
is, an interval having a range of two seconds before and after
the position at which the larynx displacement takes the
maximum peak in the biogenic sound generation interval is
set as the extraction interval.

[0093] Here, the extraction interval is set to four seconds,
but the time length of the extraction interval is not limited
thereto. In general, it is said that the period required in
swallowing is about two seconds. Therefore, for obtainment
of the feature quantity based on swallowing for each of
respiratory pressure data, biogenic sound data, and larynx
displacement data, it is sufficient that the extraction interval
is set so as to include the biogenic sound generation interval
and to have a time length greater than or equal to two
seconds. For example, an interval having a range of 1.5
seconds before and after the position at which the larynx
displacement takes the maximum peak in the biogenic sound
generation interval may be set as the extraction interval.
Alternatively, an interval about two seconds from the start
timing of the biogenic sound generation interval may be set
as the extraction interval, or an interval about three seconds
from the timing slightly before the start timing of the
biogenic sound generation interval may be set as the extrac-
tion interval.

[0094] With reference back to FIG. 7, when the second
swallowing determination part 116¢ has obtained the feature
parameter value from each of the respiratory pressure data,
the biogenic sound data, and the larynx displacement data in
step S401, the second swallowing determination part 116¢
performs the machine learning process by the SVM on the
basis of the obtained feature parameter value (vector), and
determines which of a dysphagia positive region and a
dysphagia negative region the feature parameter value
belongs to (S402).

[0095] The storage part 117 shown in FIG. 2 has stored
therein a teaching data group (a dysphagia-positive sample
data group and a dysphagia-negative sample data group) to
be used in the machine learning process by the SVM. On the
basis of the teaching data group stored in the storage part
117, the second swallowing determination part 116¢ sets a
boundary which separates dysphagia positive from dyspha-
gia negative in the SVM. Alternatively, instead of the
teaching data group, data that specifies a boundary which
separates dysphagia positive from dysphagia negative in the
SVM may be stored in the storage part 117.

[0096] When the feature parameter value belongs to the
positive region (S402: positive), the second swallowing
determination part 116¢ determines that there is a possibility
of dysphagia (S403). When the feature parameter value
belongs to the negative region (S402: negative), the second
swallowing determination part 116¢ determines that there is
no possibility of dysphagia (S404). Further, the second
swallowing determination part 116¢ obtains a dysphagia
degree (degree of positive/negative) with respect to the
feature parameter value (S405).

[0097] Here, the dysphagia degree is obtained according
to how much the feature parameter value is separated from
the boundary between the positive region and the negative
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region in the SVM. That is, in a case where the feature
parameter value is included in the negative region, if the
distance between the position of the feature parameter value
and the boundary is larger, the negative degree is higher. In
a case where the feature parameter value is included in the
positive region, if the distance between the position of the
feature parameter value and the boundary is larger, the
positive degree is higher.

[0098] The inventors of the present application have con-
ducted various studies on the feature parameter value
obtained in the second swallowing determination part 116¢
and have made thorough investigation on what feature
parameter value is preferable to be used in the dysphagia
determination. In the following, examination results of the
studies are described.

[0099]

[0100] In Examination 1, the relationship between the
dysphagia determination accuracy and the feature parameter
was studied. Here, as the feature parameter, LPC spectrum
and LPC coeflicient were studied, and as a comparison,
MFCC (mel-frequency cepstrum coeflicient) was studied.

[0101] First, with reference to FIGS. 9A and 9B, a method
for obtaining the feature parameter value based on the LPC
spectrum and a method for obtaining the feature parameter
value based on the LPC coeflicient are described.

[0102] For convenience, FIGS. 9A and 9B each show a
frequency spectrum obtained by subjecting waveform data
based on a predetermined sound to Fourier transform, and a
spectrum envelope obtained by applying linear predictive
coding (LPC) to this frequency spectrum. In FIGS. 9A and
9B, spectrum envelopes obtained when the maximum orders
of the arithmetic expression for the linear predictive coding
are respectively set to 8 and 16 are shown.

[0103] In the obtainment of the parameter value based on
the LPC spectrum, first, Fourier transform is applied to the
target waveform data, and the frequency spectrum corre-
sponding to the waveform data is obtained. Next, linear
predictive coding (LPC) is applied to the obtained frequency
spectrum to obtain a spectrum envelope, and then, the
obtained spectrum envelope is sampled at a predetermined
frequency interval, to obtain sample values. For example,
the spectrum envelopes shown in FIGS. 9A and 9B are
sampled at a cycle of 10 Hz in the horizontal axis, and the
power value of the spectrum envelope in each sampling is
obtained. The group of thus-obtained power values is
obtained as the parameter value (vector) based on the LPC
spectrum.

[0104] In FIGS. 9A and 9B, since the orders of the
arithmetic expression in the linear predictive coding are
different, the waveforms of the obtained spectrum envelopes
are different from each other. Therefore, in FIGS. 9A and
9B, the parameter values (vectors) obtained on the basis of
the LPC spectra are different from each other. The higher the
order of the arithmetic expression is, the finer spectrum
envelope is obtained along the frequency spectrum, and
thus, a feature parameter value that more matches the
frequency spectrum is likely to be obtained. However, if the
order of the arithmetic expression is excessively high, the
influence of noise is likely to appear on the spectrum
envelope, and thus, the feature parameter value is also likely
to be affected by the noise. Therefore, in the case of the
feature parameter based on the LPC spectrum, what order is
to be set for the arithmetic expression is important.

<FExamination 1>
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[0105] In the linear predictive coding described above, the
coefficient at each order of the arithmetic expression is
adjusted to obtain a spectrum envelope. Therefore, when the
frequency spectrum is different, the coefficient at each order
of the arithmetic expression is also different, and when the
order of the arithmetic expression is different, the coeflicient
at each order is also different. As for the feature parameter
based on the LPC coefficient, the group of coefficients at
each order in the arithmetic expression when linear predic-
tive coding is applied to the frequency spectrum is obtained
as the feature parameter value (vector).

[0106] In Examination 1, with respect to the frequency
spectra obtained by subjecting, to Fourier transform, the
respiratory pressure data, the biogenic sound data, and the
larynx displacement data extracted in the extraction interval,
the feature parameter value (vector) was obtained on the
basis of the LPC spectrum, the LPC coefficient, and the
MFCC. Here, the extraction interval was set to two seconds
from the start of the biogenic sound generation interval, not
the extraction interval (four seconds) shown in FIG. 8.
[0107] In the case of the LPC spectrum and the LPC
coeflicient, the parameter value when the maximum order of
the arithmetic expression was set to 8, 16, 32 was obtained,
and with respect to the parameter value at each order,
dysphagia positive/negative was evaluated through the
machine learning process by the SVM. RBF (Radial Basis
Function) was used as the kernel for the SVM.

[0108] Examination by cross-validation (10-fold cross
validation) was performed on 178 pieces of sample data in
total composed of: 114 pieces of sample data (respiratory
pressure data, biogenic sound data, and larynx displacement
data) obtained from healthy subjects, and 64 pieces of
sample data (respiratory pressure data, biogenic sound data,
and larynx displacement data) obtained from patients.
[0109] FIGS. 10A to 10C are each a diagram showing
examination results obtained when the LPC spectrum was
used as the feature parameter in Examination 1. FIGS. 11A
to 11C are each a diagram showing examination results
obtained when the coefficient at an LPC order was used as
the feature parameter in Examination 1. FIGS. 12A to 12C
are each a diagram showing examination results obtained
when the MFCC was used as the feature parameter in
Examination 1.

[0110] FIGS. 13Ato 13C are each a diagram summarizing
the examination results of Examination 1 according to the
type of data (larynx displacement, respiratory pressure,
swallowing sound). In FIGS. 13 A to 13C, the healthy subject
determination accuracy is the determination accuracy at
which samples of healthy subjects were determined as
dysphagia negative, and the patient determination accuracy
is the determination accuracy at which samples of patients
were determined as dysphagia positive.

[0111] FIG. 10Ato FIG. 11C, and FIGS. 13Ato 13C show
the determination results having the highest determination
accuracies among the determination results obtained by use
of the LPC spectrum and the LPC coefficient when the order
of the arithmetic expression was 8, 16, 32.

[0112] With reference to FIG. 10A to FIG. 13C, when the
LPC spectrum and the LPC coefficient were used as the
feature parameter, in any case where the larynx displace-
ment data, the respiratory pressure data, or the biogenic
sound data was used, the healthy subject determination
accuracy and the patient determination accuracy were high,
compared with those when the MFCC was used. In particu-
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lar, when the LPC spectrum was used as the feature param-
eter, there was a tendency that the healthy subject determi-
nation accuracy and the patient determination accuracy were
high, compared with those when the other feature param-
eters were used. Therefore, it can be said that, as the feature
parameter for dysphagia determination, the LPC spectrum
and the LPC coefficient are effective, and in particular, the
LPC spectrum is effective.

[0113]

[0114] In Examination 2, it was examined how the dys-
phagia determination accuracy differs between the cases
where the value of the feature parameter (vector) was
obtained in a non-time series manner and in a time series
manner. The method for obtaining the feature parameter
described with reference to FIGS. 9A and 9B is a non-time-
series obtaining method.

[0115] In the time-series obtaining method, the frequency
spectrum shown in FI1G. 9A, 9B is divided into a plurality of
frequency bands, and linear predictive coding is applied for
each frequency band. For example, in the case of FIG. 9A,
9B, the frequency spectrum extending in the frequency
region of about 0 to 23000 Hz is divided into about 23
frequency bands for each 100 Hz in the horizontal axis, and
linear predictive coding is individually applied for each
frequency band and a spectrum envelope is obtained. Thus-
obtained spectrum envelope is sampled at a predetermined
frequency interval, similar to the above, and a feature
parameter value (vector) based on the LPC spectrum is
obtained.

[0116] In the time-series obtaining method, linear predic-
tive coding is applied for each divided frequency band,
whereby a spectrum envelope is obtained. Therefore, the
obtained spectrum envelope is different from that according
to the non-time-series obtaining method. Therefore, the
feature quantity (vector) of the LPC spectrum obtained by
the time-series obtaining method is different from the feature
quantity (vector) of the LPC spectrum obtained by the
non-time-series obtaining method.

[0117] In Examination 2, with respect to the frequency
spectra obtained by subjecting, to Fourier transform, the
respiratory pressure data, the biogenic sound data, and the
larynx displacement data extracted in the extraction interval,
the feature parameter values (vector) were obtained on the
basis of the LPC spectra according to the time-series method
and the non-time-series method. Also here, the extraction
interval was set to two seconds from the start of the biogenic
sound generation interval, not the extraction interval (four
seconds) shown in FIG. 8.

[0118] The parameter value when the maximum order of
the arithmetic expression for the LPC spectrum was set to 8§,
16, 32 was obtained according to the non-time-series
method and the time-series method, and with respect to the
parameter value of each order, dysphagia positive/negative
was evaluated through the machine learning process by the
SVM. RBF (Radial Basis Function) was used as the kernel
for the SVM. Examination by cross-validation (10-fold
cross validation) was performed on 768 pieces of sample
data in total composed of: 556 pieces of sample data
(respiratory pressure data, biogenic sound data, and larynx
displacement data) obtained from healthy subjects; and 212
pieces of sample data (respiratory pressure data, biogenic
sound data, and larynx displacement data) obtained from
patients.

<Examination 2>
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[0119] FIG. 14 is a diagram showing, by numerical values,
the examination results obtained when the feature parameter
value was obtained on the basis of the LPC spectrum
according to the non-time-series method. FIG. 15 is a
diagram showing, by numerical values, the examination
results obtained when the feature parameter value was
obtained on the basis of the LPC spectrum according to the
time-series method. In FIGS. 14 and 15, the LPC order
indicates the maximum order of the arithmetic expression of
linear predictive coding. In FIGS. 14 and 15, the healthy
subject determination accuracy is the determination accu-
racy at which samples of healthy subject were determined as
dysphagia negative, and the patient determination accuracy
is the determination accuracy at which samples of patients
were determined as dysphagia positive.

[0120] With reference to FIG. 14 and FIG. 15, in the cases
where the feature parameter value was obtained on the basis
of the LPC spectrum according to the time-series method,
the patient determination accuracy was significantly
increased, compared with that in the cases where the feature
parameter value was obtained on the basis of the LPC
spectrum according to the non-time-series method. In the
case of the time-series method, the determination accuracy
where the LPC order was 32 was increased, compared with
that of the non-time-series method. From this, it can be said
that, if the LPC spectrum is used as the feature parameter for
dysphagia determination, it is effective to obtain the feature
parameter value by the time-series obtaining method.

[0121]

[0122] Next, according to a method similar to that in
Examination 2, dysphagia determination was performed on
637 pieces of sample data (biogenic sound data) obtained
from healthy subjects and 5 pieces of sample data (biogenic
sound data) obtained from patients, by the SVM which had
learned using the parameter having the highest dysphagia
determination accuracy in Examination 2. In Examination
2-2, for each sample, the age of the sample provider was set.

[0123] FIG. 16 is a graph showing the examination result
obtained with respect to healthy subject data when the
feature parameter value was obtained on the basis of the
LPC spectrum according to the non-time-series method in
Examination 2-2. FIG. is a graph showing the examination
result obtained with respect to patient data when the feature
parameter value was obtained on the basis of the LPC
spectrum according to the non-time-series method in Exami-
nation 2-2.

[0124] FIG. 18 is a graph showing the examination result
obtained with respect to healthy subject data when the
feature parameter value was obtained on the basis of the
LPC spectrum according to the time-series method in
Examination 2-2. FIG. 19 is a graph showing the examina-
tion result obtained with respect to patient data when the
feature parameter value was obtained on the basis of the
LPC spectrum according to the time-series method in
FExamination 2-2.

[0125] InFIG.16 to FIG. 18, the horizontal axis represents
the value of the SVM, and the vertical axis represents the
age. In FIG. 16 to FIG. 18, for each sample, the value of the
SVM obtained from the sample is plotted. When the value
of the SVM is a positive value, the sample is determined as
that of a healthy subject (dysphagia: negative). When the
value of the SVM is a negative value, the sample is
determined as that of a patient (dysphagia: positive).

<BExamination 2-2>
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[0126] WhenFIGS. 16 and 17 (non-time series) and FIGS.
18 and 19 (time series) are compared, it can be confirmed
that the determination accuracy for healthy subjects is
slightly higher in the time-series obtaining method for the
feature parameter, than that in the non-time-seties obtaining
method. The determination accuracy for patients is 100% in
both of the time-series case and the non-time-series case.
[0127] Itis also seen that the dispersion of the SVM values
in the horizontal axis direction is more suppressed in the
time-series obtaining method for the feature parameter, than
in the non-time-series method. Further, in the determination
with respect to the healthy subject data, the plot group of the
SVM values is more separated in the positive-value direc-
tion (more dysphagia-negative direction) from the boundary
line (the line at SVM value=0) between dysphagia-negative
and dysphagia-positive in the time-series obtaining method
for the feature parameter, than in the non-time-series
method. From this, it can be said that the dysphagia deter-
mination accuracy is higher and the degree of dysphagia can
be obtained at higher accuracy in the time-series obtaining
method for the feature parameter, than in the non-time-series
method.

[0128] FIG. 20A is a diagram summarizing, in a table, the
examination results of Examination 2. FIG. 20A shows the
determination result having the highest accuracy (LPC
order=16, data type=biogenic sound data) in the determina-
tion result according to the non-time-series method in FIG.
14, and the determination result having the highest accuracy
(LPC order=32, data type=biogenic sound data) in the
determination result according to the time-series method in
FIG. 15.

[0129] With reference to the summary in FIG. 20A and the
determination results in FIG. 14 to FIG. 19, it is seen that the
dysphagia determination accuracy is higher when the LPC
spectrum is obtained by the time-series obtaining method
than when the LPC spectrum is obtained by the non-time-
series obtaining method. Therefore, for obtainment of the
feature parameter value, it can be said that it is preferable to
use the time-series obtaining method.

[0130] With reference to FIG. 14 and FIG. 15, as for the
type of the data that contributes to the dysphagia determi-
nation accuracy, there is a tendency that the swallowing
sound data contributes most and the respiratory pressure
data contributes next. Therefore, for obtainment of the
feature parameter value, it can be said that it is preferable to
use the swallowing sound data most preferentially, and to
use the respiratory pressure data next preferentially.

[0131] InExamination 2, with respect to obtainment of the
feature parameter on the basis of the LPC spectrum, the
difference in the determination accuracy according to the
non-time-series obtaining method and the time-series
obtaining method was examined. However, also with respect
to obtainment of the feature parameter on the basis of the
LPC coefficient, it can be assumed that there is a tendency
similar to that described above. Also in the case of obtaining
the feature parameter on the basis of the LPC coeflicient, it
can be assumed that the dysphagia determination accuracy is
higher in the time-series obtaining method, than in the
non-time-series obtaining method.

[0132] <Examination 3>

[0133] In Examination 3, it was examined how the dys-
phagia determination accuracy changed in a case where: the
feature parameter values (vectors) respectively obtained
from respiratory pressure data, biogenic sound data, and
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larynx displacement data were combined into one feature
parameter value (vector); and the machine learning process
by the SVM was performed on the combined feature param-
eter value.

[0134] Obtainment of the feature parameter value from
each data was performed on the basis of the LPC spectrum
according to the time-series method. Also here, the extrac-
tion interval was set to two seconds from the start of the
biogenic sound generation interval, not the extraction inter-
val (four seconds) shown in FIG. 8.

[0135] With respect to respiratory pressure data, biogenic
sound data, and larynx displacement data, the parameter
value when the maximum order of the arithmetic expression
for the LPC spectrum was set to 8, 16, 32 was obtained
according to the time-series method. Then, the obtained
parameter values of the respective data were combined, at
each order, to obtain one feature parameter value. Then, with
respect to the feature parameter value at each order, dys-
phagia positive/negative was evaluated through the machine
learning process by the SVM. RBF (Radial Basis Function)
was used as the kernel for the SVM. 768 pieces of sample
data in total composed of: 556 pieces of sample data
(respiratory pressure data, biogenic sound data, and larynx
displacement data) obtained from healthy subjects; and 212
pieces of sample data (respiratory pressure data, biogenic
sound data, and larynx displacement data) obtained from
patients, were used as sample data. The examination by
cross-validation (10-fold cross validation) was performed.
[0136] FIG. 20B is a diagram showing the examination
results of Examination 3.

[0137] When the examination results shown in FIG. 20B
and the examination results shown in FIG. 20A are com-
pared with each other, the dysphagia determination accuracy
was higher in the case where the machine learning process
by the SVM was performed using the combination of the
feature parameter values obtained from the three data, than
in the case where the machine learning process by the SVM
was performed using the feature parameter value obtained
from biogenic sound data only. In particular, when the LPC
order was 32, the dysphagia determination accuracy was
significantly higher in the case of the combination of the
three data, than in the case where biogenic sound data only
was used. From this, it can be said that, in dysphagia
determination, it is preferable to perform the machine learn-
ing process by the SVM while using a combination of the
feature parameter values obtained from respiratory pressure
data, biogenic sound data, and larynx displacement data.
[0138] <Examination 3-2>

[0139] With respect to 637 pieces of sample data obtained
from healthy subjects and 5 pieces of sample data obtained
from patients, dysphagia determination was performed
according to a method similar to that of Examination 3, by
the SVM which had learned using the parameter having the
highest dysphagia determination accuracy in Examination 3.
In Examination 3-2, for each sample, the age of the sample
provider was set.

[0140] FIG. 21 is a graph showing the determination result
obtained when dysphagia determination was performed with
respect to the healthy subject data in Examination 3-2. FIG.
22 is a graph showing the examination result obtained when
dysphagia determination was performed with respect to the
patient data in Examination 3-2. In FIGS. 21 and 22, similar
to FIG. 16 to FIG. 18, the horizontal axis represents the
value of the SVM, and the vertical axis represents the age.
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[0141] When FIG. 21 and FIG. 18 are compared with each
other, it is seen that the dispersion of the SVM values in the
horizontal axis direction is more suppressed and the varia-
tion in the evaluation according to age group is more
suppressed in the case where the three types of feature
parameter values are combined, than in the case where one
type of feature parameter value only is used. From this, it
can be said that the variation in the dysphagia determination
according to age group can be more suppressed and the
degree of dysphagia can be obtained at higher accuracy in
the case where the three types of feature parameter values
are combined, than in the case where one type of feature
parameter value only is used.

[0142] On the basis of the examination above, in step S401
in FIG. 7, a feature parameter which is a combination of the
three types of feature parameters is obtained, and in step
S402, SVM determination using the combined feature
parameter is performed. That is, in step S401, the second
swallowing determination part 116¢ obtains, as a feature
parameter value, the feature parameter value shown in
Examination 3, i.e., the combination of parameter values
which are based on the LPC spectra according to the
time-series method and which are respectively obtained
from respiratory pressure data, biogenic sound data, and
larynx displacement data. Then, in step S402, the second
swallowing determination part 116¢ determines the presence
or absence of dysphagia through the machine learning
process by the SVM on the basis of the obtained feature
parameter value. Then, in accordance with the determination
result, the second swallowing determination part 116¢ deter-
mines the presence or absence of possibility of dysphagia in
step S403 or step S404.

[0143] Instep S405, the second swallowing determination
part 116¢ obtains the dysphagia degree on the basis of the
distance of the feature parameter value with respect to the
boundary between the dysphagia positive region and the
dysphagia negative region in the SVM. This distance cor-
responds to, for example, the distance between the plots in
FIG. 21, 22 and the axis where the value of the SVM is zero.
[0144] <Diagnosis Result Screen>

[0145] FIG. 23A is a diagram showing a configuration of
a display screen for a diagnosis result to be displayed in step
S206 in FIG. 5B. FIGS. 23B to 23E are each a diagram
showing a display form of a first determination result.
[0146] As shown in FIG. 23A, a display screen 200 for a
diagnosis result includes a swallowing estimation mark 201,
a cough detection mark 202, a first determination result
region 203, and a second determination result region 204.
[0147] As for the swallowing estimation mark 201, the
periphery thereof is lit in a predetermined color (for
example, blue) when occurrence of swallowing has been
estimated in step S204 in FIG. 5B. As for the cough
detection mark 202, a center portion thereof is lit in a
predetermined color (for example, orange) if there is chok-
ing due to aspiration when occurrence of swallowing has
been estimated in step S204 in FIG. 5B. Here, choking is
detected by the controller 116 on the basis of the respiratory
pressure data.

[0148] In the first determination result region 203, a deter-
mination result obtained by the first swallowing determina-
tion part 1165 is displayed. Specifically, the respiratory
phases before and after the swallowing sound generation
interval obtained in step S301 in FIG. 6 are displayed
together with arrows showing shifts with respect to swal-
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lowing. The background color of the first determination
result region 203 is set in accordance with the aspiration risk
determination result in step S304, S305 in FIG. 6. Specifi-
cally, when there is no aspiration risk, the background color
of the first determination result region 203 is set to a first
color (for example, green) as shown in FIG. 23B. When
there is an aspiration risk, the background color of the first
determination result region 203 is set to a second color (for
example, red) as shown in FIGS. 23C to 23E.

[0149] On the basis of the description and the background
color in the first determination result region 203, the user
such as a doctor can appropriately understand the possibility
of aspiration risk and the shift of the respiratory phase.
[0150] In the second determination result region 204, the
determination result obtained by the second swallowing
determination part 116¢ is displayed. In the second deter-
mination result region 204, ten cursors arranged in the
horizontal direction, and descriptions and arrows indicating
the magnitude of the dysphagia degree are shown. The
cursors are set such that the shading degrees thereof are
increased leftward. When it has been determined that there
is no possibility of dysphagia in the flow chart shown in FIG.
7, five cursors at the right side in the second determination
result region 204 are lit in accordance with the dysphagia
degree. When it has been determined that there is a possi-
bility of dysphagia in the flow chart shown in FIG. 7, five
cursors at the left side are lit in accordance with the
dysphagia degree.

[0151] For example, if the polarity of the dysphagia
degree is set such that the dysphagia positive is expressed by
a positive value and the dysphagia negative is expressed by
a negative value, when the dysphagia degree is -3, the three
cursors at the right side from the center of the second
determination result region 204 are lit, and when the dys-
phagia degree is +4, the four cursors at the left side from the
center of the second determination result region 204 are lit.
As described above, the level of the dysphagia degree is
determined on the basis of the distance between the feature
parameter and the boundary which separates the dysphagia
positive from the dysphagia negative in the SVM.

[0152] On the basis of the state of the cursors and the
description in the second determination result region 204,
the user such as a doctor can appropriately understand the
possibility of dysphagia.

[0153] <Teaching Data Update System>

[0154] In the embodiment above, the possibility of dys-
phagia is determined through the machine learning process
by the SVM. In this case, if teaching data of good quality is
used in a greater amount, the boundary between positive and
negative can be finely set, and the dysphagia determination
accuracy can be enhanced.

[0155] FIG. 24 is a schematic diagram showing a configu-
ration of a system for updating the teaching data to be used
by the second swallowing determination part 116¢ in the
swallowing diagnosis apparatus 100.

[0156] In this system, respiratory pressure data, biogenic
sound data, and larynx displacement data (those extracted in
the extraction interval including the swallowing sound gen-
eration interval) obtained in each swallowing diagnosis
apparatus 100 during diagnosis for patients are intensively
stored in a host computer 300 installed in a medical insti-
tution such as a hospital. Each user such as a doctor inputs
a dysphagia diagnosis result for a patient concerned, in
association with these types of data. The host computer 300

Jul. 11,2019

transmits the intensively-stored data together with the diag-
nosis results, to a server 400 in a management facility via an
external network 500.

[0157] In the management facility, an operator classifies
the data received by the server 400 into teaching data for
dysphagia positive, teaching data for dysphagia negative,
and ineffective data, on the basis of the diagnosis results.
Then, the operator accumulates the classified positive and
negative data into a database in the server 400. The server
400 periodically transmits the teaching data accumulated in
the database to the host computer 300 at the medical
institution side. The host computer 300 provides the
received teaching data to each swallowing diagnosis appa-
ratus 100. Accordingly, the teaching data stored in each
swallowing diagnosis apparatus 100 is updated. As a result,
the dysphagia determination accuracy by the second swal-
lowing determination part 116c¢ is enhanced.

[0158] <Effects of the Embodiment>

[0159] According to the swallowing diagnosis apparatus
100 of the present embodiment, the risk of aspiration that
could occur as a result of characteristics (habit, etc.) of an
individual being modified due to the age or diseases is
determined by the first swallowing determination part 1165,
and the possibility of dysphagia is determined by the second
swallowing determination part 116¢. Then, these determi-
nation results are displayed on the display 111 to be pre-
sented to the user such as a doctor. Accordingly, by referring
to these determination results, the user such as a doctor can
determine the aspiration risk in the patient multilaterally and
comprehensively, and can diagnose the aspiration risk in the
patient more appropriately.

[0160] In the determination by the first swallowing deter-
mination part 1165, a determination result indicating aspi-
ration is caused as a result of the characteristic (habit, etc.)
of an individual being modified due to the age or diseases.
However, this determination result is a risk factor for Par-
kinson’s disease, and a recent study of the inventors has
clarified that the determination result is an excellent related
factor for aggravation of COPD (chronic obstructive pul-
monary disease). Therefore, even in a case where the second
swallowing determination part 116¢ has not determined that
there is a possibility of dysphagia, if the first swallowing
determination part 1165 has determined that there is an
aspiration risk, it is necessary to take measures in accor-
dance with the state of the patient.

[0161] In contrast, since the determination in the first
swallowing determination part 1165 is based on the charac-
teristics of an individual, even if the first swallowing deter-
mination part 1165 has determined that there is no aspiration
risk, there is naturally a case where the second swallowing
determination part 116¢ determines that there is a possibility
of dysphagia. Also in such a case, it is necessary to take
measures in accordance with the state of the patient.
[0162] As described above, the determination result
obtained in the first swallowing determination part 1165 and
the determination result obtained in the second swallowing
determination part 116¢ are both independently meaningful
in determination of the swallowing state, and function
complementarily with each other. Therefore, if the user such
as doctor sequentially refers to these determination results
on the display screen 200 shown in FIG. 23A, the user can
determine the aspiration risk in the patient multilaterally and
comprehensively, and can more appropriately take measures
for the patient.
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[0163] According to the swallowing diagnosis apparatus
100 of the present embodiment, the determination in the first
swallowing determination part 1165 and the determination
in the second swallowing determination part 116¢ are pet-
formed, using respiratory pressure data, biogenic sound
data, larynx displacement data obtained for swallowing
estimation. Thus, there is no need to separately obtain data
from the patient for these determinations. Therefore, the
configuration of the swallowing diagnosis apparatus 100 can
be simplified, and the processing load in these determina-
tions can be reduced.

[0164] According to the swallowing diagnosis apparatus
100 of the present embodiment, the LPC spectrum based on
biogenic sound data is included as a feature parameter. Thus,
as shown in Examination 2, the determination accuracy
regarding the possibility of dysphagia in the second swal-
lowing determination part 116¢ can be enhanced.

[0165] According to the swallowing diagnosis apparatus
100 of the present embodiment, the LPC spectrum based on
respiratory pressure data as well as biogenic sound data is
included as a feature parameter. Thus, as shown in Exami-
nation 2, the determination accuracy regarding the possibil-
ity of dysphagia in the second swallowing determination
part 116¢ can be further enhanced.

[0166] According to the swallowing diagnosis apparatus
100 of the present embodiment, a combination of LPC
spectra based on biogenic sound data, respiratory pressure
data, and larynx displacement data is used as a feature
parameter. Thus, as shown in Examination 3, the determi-
nation accuracy regarding the possibility of dysphagia in the
second swallowing determination part 116¢ can be further
enhanced.

[0167] According to the swallowing diagnosis apparatus
100 of the present embodiment, the LPC spectrum is used as
a feature parameter. Thus, as shown in Examination 1, the
determination accuracy regarding the possibility of dyspha-
gia in the second swallowing determination part 116¢ can be
enhanced.

[0168] According to the swallowing diagnosis apparatus
100 of the present embodiment, the LPC spectrum according
to the time-series method is used as a feature parameter.
Thus, as shown in Examination 2, the determination accu-
racy regarding the possibility of dysphagia in the second
swallowing determination part 116c¢ can be further
enhanced.

[0169] As shown in Examination 1, also in a case where
the LPC coeflicient is used as a feature parameter instead of
the LPC spectrum, the determination accuracy regarding the
possibility of dysphagia in the second swallowing determi-
nation part 116¢ can be enhanced.

Modification

[0170] In the embodiment above, the determination in the
first swallowing determination part 1165 and the determi-
nation in the second swallowing determination part 116¢ are
performed in the terminal device 110. However, as shown in
FIG. 25, for example, with an external computer 140 such as
a tablet computer connected to the terminal device 110, the
determination in the first swallowing determination part
1166 and the determination in the second swallowing deter-
mination part 116¢ may be performed in the external com-
puter 140.

[0171] In this case, the terminal device 110 performs a
swallowing estimation process on the basis of respiratory
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pressure data, biogenic sound data, and larynx displacement
data obtained from a patient, and if the terminal device 110
has estimated that swallowing has been performed, the
terminal device 110 transmits, to the external computer 140,
respiratory pressure data, biogenic sound data, and larynx
displacement data extracted in the extraction interval includ-
ing the swallowing sound generation interval. On the basis
of the received data, the external computer 140 performs the
determination in the first swallowing determination part
116b, and the determination in the second swallowing deter-
mination part 116¢, and displays the determination results on
a display 140qa thereof.

[0172] Also in this modification, the effects similar to
those in the embodiment above can be exhibited. In this
modification, the swallowing diagnosis apparatus 100 is
configured by the terminal device 110, the nasal cannula
120, the detection part 130, and the external computer 140.
[0173] The external computer 140 may have the functions
of the first swallowing determination part 1165 and the
second swallowing determination part 116¢ and the function
of the swallowing estimation part 116a. In this case, the
terminal device 110 continuously transmits, to the external
computer 140, respiratory pressure data, biogenic sound
data, and larynx displacement data obtained from the
patient, and the external computer 140 performs the swal-
lowing diagnosis process shown in FIG. 5B to FIG. 7.
[0174] In the embodiment above, the determination in the
second swallowing determination part 116¢ is performed,
using a combination of feature parameter values based on
respiratory pressure data, biogenic sound data, and larynx
displacement data. However, the feature parameter value to
be used in the determination in the second swallowing
determination part 116¢ is not limited thereto. For example,
the determination in the second swallowing determination
part 116¢ may be performed, using a combination of the
feature parameter values based on respiratory pressure data
and biogenic sound data among the feature parameter values
based on respiratory pressure data, biogenic sound data, and
larynx displacement data. Alternatively, the determination in
the second swallowing determination part 116¢ may be
performed, using a combination of other feature parameter
values. Still alternatively, the determination in the second
swallowing determination part 116c¢ may be performed,
using any one of the feature parameter values based on
respiratory pressure data, biogenic sound data, and larynx
displacement data.

[0175] However, as shown in Examination 2 above, when
the feature parameter value based on biogenic sound data is
used, the determination accuracy in the second swallowing
determination part 116¢ becomes highest. Therefore, in the
determination in the second swallowing determination part
116¢, it 1s preferable to preferentially use the feature param-
eter value based on biogenic sound data. When the feature
parameter value based on respiratory pressure data is used,
the determination accuracy in the second swallowing deter-
mination part 116¢ becomes second highest. Therefore,
when a combination of feature parameter values is used in
the determination in the second swallowing determination
part 116¢, it is preferable to use a combination of the feature
parameter value based on biogenic sound data and the
feature parameter value based on respiratory pressure data.
[0176] In the embodiment above, the nasal cannula 120 is
used for detection of respiration, but respiration detection
means other than the nasal cannula 120 may be used. For



US 2019/0209073 A1
12

example, respiration of the patient may be detected, using a
detection band that can detect expansion and contraction of
the chest circumference.
[0177] In the embodiment above, respiratory pressure
data, biogenic sound data, and larynx displacement data are
processed in real time, and the estimation by the swallowing
estimation part 116a, and the determinations by the first
swallowing determination part 1165 and the second swal-
lowing determination part 116¢ are performed. However, a
configuration may be employed in which: during a swal-
lowing diagnosis, respiratory pressure data, biogenic sound
data, and larynx displacement data are stored in the storage
part 117; and after the diagnosis, in accordance with an input
of an instruction from the doctor or the like, the swallowing
estimation part 1164, the first swallowing determination part
116b, and the second swallowing determination part 116¢
read out the respiratory pressure data, the biogenic sound
data, and the larynx displacement data from the storage part
117, and perform swallowing estimation and determination
on the aspiration risk and the possibility of dysphagia.
[0178] In addition, the configuration of the display screen
for the determination results obtained by the first swallowing
determination part 1165 and the second swallowing deter-
mination part 116¢ is not limited to that shown in FIG. 23A,
and another screen configuration may be used as appropri-
ate.
[0179] The swallowing diagnosis apparatus according to
the present invention has an excellent swallowing diagnosis
function, and can be used in the field of medical devices.

What is claimed is:

1. A swallowing diagnosis apparatus comprising:

a sound detection part configured to detect sound of a

larynx portion;
a respiration detection part configured to detect respira-
tion; and
a controller,
the controller being configured to perform:
a swallowing estimation process of estimating that
swallowing has occurred, on the basis of matching
realized between a biogenic sound generation inter-
val for which a feature quantity satisfying a swal-
lowing estimation condition has been obtained in
sound information outputted from the sound detec-
tion part, and an apneic interval for which respiration
has not been detected for longer than or equal to a
predetermined time in respiration information out-
putted from the respiration detection part;
a first swallowing determination process of
detecting, from the respiration information, respira-
tory phases before and after a period in which
swallowing has been estimated as having occurred
by the swallowing estimation process, and

determining whether or not there is an aspiration risk
in the swallowing on the basis of the detected
respiratory phases;
a second swallowing determination process of
extracting reference information including at least
one of the sound information and the respiration
information in a predetermined period including
the period in which swallowing has been esti-
mated as having occurred by the swallowing esti-
mation process,

obtaining a feature quantity from the extracted ref-
erence information, and
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performing a machine learning process on the
obtained feature quantity to determine whether or
not there is a possibility of dysphagia in the
swallowing; and
a display control process of causing a display to dis-
play, in a contrastable manner, a determination result
obtained by the first swallowing determination pro-
cess and a determination result obtained by the
second swallowing determination process with
respect to an identical period in which swallowing
has been estimated as having occurred by the swal-
lowing estimation process.
2. The swallowing diagnosis apparatus according to claim
1, wherein
the controller is configured to, in the second swallowing
determination process, extract the sound information as
the reference information, obtain the feature quantity
from the extracted sound information, and perform a
machine learning process on the obtained feature quan-
tity to determine whether or not there is a possibility of
dysphagia in the swallowing.
3. The swallowing diagnosis apparatus according to claim
2, wherein
the controller is further configured to, in the second
swallowing determination process, extract the respira-
tion information as the reference information, obtain a
feature quantity from the extracted respiration infor-
mation, and perform a machine learning process on the
feature quantity obtained from the respiration informa-
tion and the feature quantity obtained from the sound
information, to determine whether or not there is a
possibility of dysphagia in the swallowing.
4. The swallowing diagnosis apparatus according to claim
3, further comprising
a displacement detection part configured to detect dis-
placement of the larynx portion, wherein
the controller is further configured to, in the second
swallowing determination process, extract, as the ref-
erence information, displacement information output-
ted from the displacement detection part in the prede-
termined period including the period in which
swallowing has been estimated as having occurred,
obtain a feature quantity from the extracted displace-
ment information, and perform a machine learning
process on the feature quantity obtained from the
displacement information and the feature quantities
respectively obtained from the sound information and
the respiration information, to determine whether or not
there is a possibility of dysphagia in the swallowing.
5. The swallowing diagnosis apparatus according to claim
4, wherein
the controller is configured to, in the swallowing estima-
tion process, estimate that swallowing has occurred
when the biogenic sound generation interval and the
apneic interval match each other and an amplitude of
the displacement information exceeds a predetermined
threshold in the biogenic sound generation interval.
6. The swallowing diagnosis apparatus according to claim
1, wherein
the controller is configured to, in the second swallowing
determination process, subject the reference informa-
tion to Fourier transform to obtain a frequency spec-
trum, apply linear predictive coding to the obtained
frequency spectrum to obtain a spectrum envelope, and
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sample the obtained spectrum envelope at a predeter-
mined frequency interval, thereby obtaining the feature
quantity.
7. The swallowing diagnosis apparatus according to claim
6, wherein
the controller is configured to, in the second swallowing
determination process, divide the frequency spectrum
for each predetermined frequency band, apply linear

predictive coding for each frequency band to obtain a

spectrum envelope, sample the obtained spectrum

envelope of each frequency band at a predetermined
frequency interval, thereby obtaining the feature quan-
tity.

8. The swallowing diagnosis apparatus according to claim

1, wherein

the controller is configured to, in the second swallowing
determination process, subject the reference informa-
tion to Fourier transform to obtain a frequency spec-
trum, apply linear predictive coding to the obtained
frequency spectrum to obtain a coeflicient at each order
in the linear predictive coding, and obtain a group of
the obtained coeflicients, as the feature quantity.

9. The swallowing diagnosis apparatus according to claim

1, wherein

the machine learning process is a support vector machine.

10. A swallowing diagnosis apparatus comprising:

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

a respiration detection part configured to detect respira-
tion; and

a controller,

the controller being configured to perform:

a swallowing estimation process of estimating that
swallowing has occurred, on the basis of matching
realized between a biogenic sound generation inter-
val for which a feature quantity satisfying a swal-
lowing estimation condition has been obtained in
sound information outputted from the sound detec-
tion part, and an apneic interval for which respiration
has not been detected for longer than or equal to a
predetermined time in respiration information out-
putted from the respiration detection part; and

a swallowing determination process of
extracting reference information including at least

one of the sound information and the respiration
information in a predetermined period including a
period in which swallowing has been estimated as
having occurred by the swallowing estimation
process,
subjecting the extracted reference information to
Fourier transform to obtain a frequency spectrum,
applying linear predictive coding to the obtained
frequency spectrum to obtain a spectrum enve-
lope,
sampling the obtained spectrum envelope at a pre-
determined frequency interval to obtain a feature
quantity, and
performing a machine learning process on the
obtained feature quantity to determine whether or
not there is a possibility of dysphagia in the
swallowing.
11. A storage medium having stored therein a program,
the program being configured to cause a computer of a
swallowing diagnosis apparatus which includes: a sound
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detection part configured to detect sound of a larynx portion;
and a respiration detection part configured to detect respi-
ration, to perform:
a swallowing estimation function of estimating that swal-
lowing has occurred, on the basis of matching realized
between a biogenic sound generation interval for which
a feature quantity satisfving a swallowing estimation
condition has been obtained in sound information out-
putted from the sound detection part, and an apneic
interval for which respiration has not been detected for
longer than or equal to a predetermined time in respi-
ration information outputted from the respiration detec-
tion part;
a first swallowing determination function of
detecting, from the respiration information, respiratory
phases before and after a period in which swallowing
has been estimated as having occurred by the swal-
lowing estimation function, and

determining whether or not there is an aspiration risk in
the swallowing on the basis of the detected respira-
tory phases;
a second swallowing determination function of
extracting reference information including at least one
of the sound information and the respiration infor-
mation in a predetermined period including the
period in which swallowing has been estimated as
having occurred by the swallowing estimation func-
tion,

obtaining a feature quantity from the extracted refer-
ence information, and

performing a machine learning process on the obtained
feature quantity to determine whether or not there is
a possibility of dysphagia in the swallowing; and

a display control function of causing a display to display,
in a contrastable manner, a determination result
obtained by the first swallowing determination function
and a determination result obtained by the second
swallowing determination function with respect to an
identical period in which swallowing has been esti-
mated as having occurred by the swallowing estimation
function.

12. The storage medium according to claim 11, wherein

the second swallowing determination function extracts
the sound information as the reference information,
obtains the feature quantity from the extracted sound
information, and performs a machine learning process
on the obtained feature quantity to determine whether
or not there is a possibility of dysphagia in the swal-
lowing.

13. The storage medium according to claim 12, wherein

the second swallowing determination function further
extracts the respiration information as the reference
information, obtains a feature quantity from the
extracted respiration information, and performs a
machine learning process on the feature quantity
obtained from the respiration information and the fea-
ture quantity obtained from the sound information, to
determine whether or not there is a possibility of
dysphagia in the swallowing.

14. The storage medium according to claim 13, wherein

the swallowing diagnosis apparatus further includes a
displacement detection part configured to detect dis-
placement of the larynx portion, and
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the second swallowing determination function further
extracts, as the reference information, displacement
information outputted from the displacement detection
part in the predetermined period including the period in
which swallowing has been estimated as having
occurred; obtains a feature quantity from the extracted
displacement information; and performs a machine
learning process on the feature quantity obtained from
the displacement information and the feature quantities
respectively obtained from the sound information and
the respiration information, to determine whether or not
there is a possibility of dysphagia in the swallowing.

15. The storage medium according to claim 14, wherein

when the biogenic sound generation interval and the
apneic interval match each other and an amplitude of
the displacement information exceeds a predetermined
threshold in the biogenic sound generation interval, the
swallowing estimation function estimates that swallow-
ing has occurred.

16. The storage medium according to claim 11, wherein

the second swallowing determination function subjects
the reference information to Fourier transform to obtain
a frequency spectrum, applies linear predictive coding

14
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to the obtained frequency spectrum to obtain a spec-
trum envelope, and samples the obtained spectrum
envelope at a predetermined frequency interval,
thereby obtaining the feature quantity.

17. The storage medium according to claim 16, wherein

the second swallowing determination function divides the
frequency spectrum for each predetermined frequency
band, applies linear predictive coding for each fre-
quency band to obtain a spectrum envelope, and
samples the obtained spectrum envelope of each fre-
quency band at a predetermined frequency interval,
thereby obtaining the feature quantity.

18. The storage medium according to claim 11, wherein

the second swallowing determination function subjects
the reference information to Fourier transform to obtain
a frequency spectrum, applies linear predictive coding
to the obtained frequency spectrum to obtain a coefli-
cient at each order in the linear predictive coding, and
obtains a group of the obtained coeflicients, as the
feature quantity.

19. The storage medium according to claim 11, wherein

the machine learning process is a support vector machine.

* ok %k
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