1/15

[FIG.1]

AYIdSIA [~ SNYHN AVIdSId

8T

HdHLNdWOD TYNOSHHd

TOJILNOD AVTIdSIA

SNYHN

NOILVWILSH —

NOILVWILSH
XHdTAHd DNIMOTIVMS

XdTAHT
ONIMOTIVYMS
91T

TYAIHINI TUYNDIS

NOILVOIAILNHAI
¢

ALISNALNI TVYNDIS

]

SNVHN NOILVOIATILNHAI
TYAIHLINI TYNDIS

0T

SNYHIN NOISJHANOD
ALISNHINI TVYNDIS
6

L~ SNYHW TOMINOD A¥IdSIA LT
NOILVNTYAH NOIloaiad
ALISNALNI ONITARYS INIWAOVIAS I
SNYHW NOILVATYAH NOILVIIdSHY QdTHI
AIISNZINI NOIIVEIASHY 61 ﬁ m aNod oHowﬂ_
6 LINDYID  SNYHEW NOILDHELHA
NOILY¥ATVAH o ONITAWYS QIIHI INIWAOVIdSIA
ININAOVIdSIA ® a 9 ANOd JIOXH
ANOd JIOXH o €
m SNYARW &
NOILI¥DIAILINAQIL @
SNYdN NOILVIIdSHY &3] NOILOHLHAJ
NOIIVATYAE 11 - ONITINYS MOTAYIY
INANADOYIASIA ( = aNODHES NOILVIIdSHY
INOd JIOAH O
o1 NOILVDIAIINAAL ° = § §
NOIIVIIdSHY g LINDYID  SNYHEW NOILDHELHA
ONITAWNYS ANODES NOILIVIIdSHY
_\|G S z
NOILVNTVAH o
SSVYAANVE dNNOS SNYAN ONTTANYS zoEmmmmm
 onwan ONISTNd L5414 TYOI9010Id
NOILVATIYAH SSYdANVL "TENDIS ~
[ g \_/ m m
Vi § LINDYID  SNYAW NOILDALAQ
NOILY¥ATYAH 9NISTINd ONITAWYS LS¥IA (dNNOS T¥DIDOTIOIL
ds1nd TYNSIS TYNDIS ® 001D b 1
f {
SNYAW NOILVATVAH SNV N
4s10d TYNDIS MD0TD
€1 L
NOISJIIANOD




2/15

[FIG.Z2]

(spuooas)

00L o 005 00F 008 . 002 N 0
D 00F
(Spuooas) XAITSNAINT WMOJIAYM TYNOTS ANNOS T¥OT907T01d (P)
004, 009 . 008 00 008 , 002 , ooM
m | N T -
i . A _ v . | .
(spuooss) INIWAOYTASIA ENOE dIOXH (9) §
00. o.v
ml
17
if
(spuooss) HUNSSEAd MOTAAIY (Q) (A)
004 — owm o_om : - _omv _ cwm_ _ 002 001 0,
| A T q.. T .._._ T T & 1 i’ _N m S I i } 1 [Ean
it st et st o
, . ' = 1 Lodid o R 1 st
T A T T e
aNnos TvoIs0101d (B) (A)



3/15

(spuooes)

. o
6 8 L g g 4 m 4 I omgx

TINSSHId
MOTIIIV | !

aNnos Hf/l{\ﬁi
TY2ID0TOIE

d J _ ] _ o | i i i i ﬁ H 1 01

L e !
ONIMOTTVMS HALIY ONIMOTTIYMS HMOAHd I¥VLIS NOILVIIASNI A)
TMYIS NOTIVMTASNT VANAY NOILILNTOAA

820 :Hes—dsut $(°1 oseyd plo $1°1 :uonjeanp asned -G :ZdAIMS MS-T BdAIMS

[FIG.3]



4/15

[FIG.4]

300

100




5/15

[FIG.5]

101

-V WOTQEH |

! HOVHOLS _

“ “
_I ||||||||||||||||||||||||||||||||||| === 1 _1 |||||||||||| - T T T T T T T T e T e T T s mmmmm = =
! O —— oo i S _
! ! v I “ !
1 I 1 “ 1 I 1
1 [} 1 1 I 1
| 0TE ~emen] Ldvd I Ldvd o1z
| " ONIAVEY IR ONILIHM "
1 ] " “ ] 1
| L o |
“ i T S 4 “
| | 1 1 ! 1
1 ] 1 | 1 ! 1
1 I | ' I 1 I
! Ldvd ! AT 19vd "
m INdNI “_ A _ INdNI m OSNIS
! _ Lo v ! INAWAOVTIASIA
" ~ m P 1dvd ~ !
| oee " A TOMINOD cte m .
“ ! I N 121
! IMvYd “ Idvd Lo v LdvYd !
_ «— oo > ! JOSNAS
! AY1dSIq ! TOYLINOD Pl AY1dSIq |
! ! A “ aNnos
O m I T | -
o et | L rre tre L |etee
L . m > 19vd
1 1 1 | 1 ! T
P AR ! NOTIOAIAA
[ o rol i
Do ~ R Levd N
b €1€ by 11 | NOISYHANOD 1 0€C
L A a/y m
o Lo YOSNES ! YIANNYD

I [} 1 1

| MSIA QMYH qEMYAd Lo <« -
b s s AR MINSSHAd “ TYSVN
[ o rol !
L \ B R 7z 7
1opTE z1€ Pl 9T ST1Z i 0ze
T 4 1 e e e e e i
00t 00¢




(FIG.6] 6/15

TERMINAL DEVICE INFORMATION PROCESSING DEVICE

( START ) ( START )

A4

START INSTRUCTION? START INSTRUCTION?

NO

EXTRACT BIOLOGICAL SOUND
GENERATION INTERVAL BASED ON
SPECTROGRAM CREATED THROUGH
SHORT-TIME FOURIER TRANSEFORM

START PROCESS OF WRITING
DATA INTO STORAGE MEDIUM

A4

5203

A 4

EXTRACT APNEIC INTERVAL

STOP INSTRUCTION?

A 4

CREATE MEL-FREQUENCY SPECTROGRAM

5205

A 4

END PROCESS OF WRITING

CONVERT INTO PULSE THROUGH
CONTINUOUS WAVELET TRANSFORM

|
|
|
|
|
|
|
|
|
|
|
|
|
|
i 5204
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

5206

A 4 A 4

END EXTRACT BIOLOGICAL SOUND
GENERATION INTERVAL BASED ON
AMPLITUDE OF HYOID BONE MOVEMENT,
COMPONENT OF BIOLOGICAL SOUND
750 Hz OR HIGHER, NUMBER OF
PULSES, AND MAXIMUM PULSE WIDTH




(FI1G.7] 715

5207

REFER TO FIRST BIOLOGICAL
SOUND GENERATION INTERVAL

A 4

APNEIC
INTERVAL LONGER THAN OR EQUAL
TO PREDETERMINED PERIOD IS INCLUDED
IN BIOLOGICAL SOUN GENERATIO
INTERVAL?

AT LEAST ONE PULSE IS IN
APNEIC INTERVAL?

! S211
SPECIFY THE BIOLOGICAL DETERMINE THAT SWALLOWING
SOUND GENERATTON INTERVAL HAS NOT OCCURRED IN THE
AS SWALLOWING SOUND BIOLOGICAL SOUND
GENERATION INTERVAL GENERATION INTERVAL

A

DETERMINATION ENDED
FOR ALL BIOLOGICAL SOUND
GENERATION INTERVALS?

REFER TO NEXT
BIOLOGICAL SOUND
GENERATION INTERVAL




[FIG.8]

8/15

REFER TO FIRST SWALLOWING SOUND
GENERATION INTERVAL

5214

A 4

I S215

OBTAIN RESPIRATORY PHASES
IMMEDIATELY BEFORE AND
IMMEDIATELY AFTER SWALLOWING
SOUND GENERATION INTERVAL

INSPTRATORY PHASE
IMMEDIATELY BEFORE SWALLOWING
SOUND GENERATION
INTERVAL?

INSPIRATORY PHASE
IMMEDIATELY AFTER SWALLOWING
SOUND GENERATION
INTERVAL?

&
<

y 5218 S219
DETERMINE ASPIRATION DETERMINE NO ASPIRATION
RISK PRESENT IN RISK PRESENT IN
SWALLOWING SOUND SWALLOWING SOUND
GENERATION INTERVAL GENERATION INTERVAL

A

5220

NO DETERMINATION ENDED
FOR ALL SWALLOWING SOUND
ENERATION INTERVALS?

REFER TO NEXT
SWALLOWING SOUND
GENERATION INTERVAL

S222

SCREEN DISPLAYING
PROCESS IN RESPONSE TO
OPERATOR'S INSTRUCTION

END



9/15

[FIG.9]

BIOLOGICAL SOUND DATA

(a)

BIOLOGICAL SOUND
GENERATION INTERVAL

7

Z)

AIRFLOW PRESSURE DATA

(b)

APNEIC INTERVAL

7

_\

HYOID BONE DISPLACEMENT DATA

(c)

|
|
~

APNEIC INTERVAL

|
|
[




10/15

[FIG.10]

BIOLOGICAL SOUND
GENERATION INTERVAL

T T T
n
—
N ittt
—
A 0
o
o
~N 0 — N (@]
— . (@]
(@] . (@]
o (@]
(ZHM) ADNENOHEA
e [e0) o
— o~ o .
N — — [ee) < (@)
T T T L— U]
1
I
! !
e \
\\\\ !
7 )
/ |
1 1
| \
\ \
\ \
// \
S /
~ \
h |
\ [}
\ I
! ! ! L I
o (@] o (@] o (@]
L0 o 0 o 0
~N N — —

20

10

BIOLOGICAL SOUND
GENERATION INTERVAL

e e L LR
V =
v ___
(ZHM) AONHN0AIA
o o ~ o
o .
™~ &) < ™~ o
o
™~
o
—
o
0
™~




11/15

[FIG.11]

497

O— O — «or -

(< >
(spuocoas)
0oL 009 005 00% 00€ 002 00T 0
] o ] ! o ! ooe
A R R AR R A LN NN RN R E A A AR AR AN AN R RGN § ot
= oov
(A)
ALISNALNI WIOAHAVM TUYNDIS ANNOS TVOIDOTOId
(spuocoas)
0oL 009 005 00% 00€ 00¢ 00T o,
I I I I I I I -
¥$¢}tilTf?T?t%i#liiil?ff?%ﬁiélii?fff%441!Tlffifl¥¥$i;14ii55??4%?ii¥l?ﬁf?¥i?ité 0
| | I I _ _ I
¢
(A)
LNHWHOVTdSIAd ANOd dIOAH
(spuooas)
0oL 009 005 00% 00€
) ]
AR AL AR Al A 4L ddgala by 8 i i ,".._...___‘__......_,___._____...r. LA LA A L _ i1 LI
il IR T _
(spuocoas)
0oL 009 005 00% 00€
N A I T T B TR
i it “_.m__ﬁ« “_-“_$:= =|1ﬁn_ m“—ﬁ__“m “r;_ 1]
SRR LRI AL D R AR AR RN R RN R N
A AA A A A A AN A A A A A A
annos Tvorootora M
T0¥%

0T¥




[FIG.12]

12/15

420

421

-0.5

-1.0

(seconds)

C—

CLOSE

(
423

(
422




13/15

SP €9 97 AS TYLOL

8T 9¢€ 6T L SNOILOVILXH SNOEINOTIH

0 0 0 0 SNOILOVILXH-NON

Le Lec Le Le SHMOTIVNS
AH4LOVILXH 40 dHIWAN HH.L

(T NOILYDIAIAOW)

( (2 dTANYXH

( (T dTdW¥YXH

[FIG.13]

HAIIVIYANOD
o ) N . (z INAWIQOIWH)
NOIIVdIdSHEd SINIWNATHE €
AIOAH INOHIIM aNQOS INOHIIM
INOHLIM
Loes L SMSTY NOILVIIdSY
H J0 ¥EIWAN FHI
SNOIIVYIdSNI
HIAIM 3STNd WANIXVYW ANVY e —SMOTIVMS
‘SdSTINd A0 YIIWAN ‘MIHOIH 90 ZH 0G/L ANNOS d0 dUdWAN HHL
TYOIDO0TIOId A0 ININOAWOD NO AESVd TYAYIINI SMOTTVMS
NOILVYENED AdNAOS T¥IINOTOId IOVILXd e —SNOILVJIdSNI
J0 ¥EIWAN FHI
1oes H . SMOTTYMS
A0 ¥HIWAN HHI
50¢ZS
T NOILVDOIAIAOW \\g
0w

(q)



[FIG.14]

14/15

INFORMATION PROCESSING DEVICE

( START )

<
<
4

START INSTRUCTION?

5202

EXTRACT BIOLOGICAL SOUND GENERATION INTERVAL BASED
ON SPECTROGRAM CREATED THROUGH SHORT-TIME FOURIER
TRANSFORM

l S311

SET AS REFERENCE TARGET BIOLOGICAL SOUND GENERATION
INTERVAL INCLUDING APNEIC INTERVAL LONGER THAN OR
EQUAL TO PREDETERMINED PERIOD

l S312

REFER TO FIRST BIOLOGICAL SOUND GENERATION INTERVAL

»

v S313

CONVERT BIOLOGICAL SOUND DATA IN APNEIC INTERVAL
INTO PULSES

l S314

DETERMINE WHETHER AMPLITUDE OF HYOID BONE MOVEMENT,
COMPONENT OF BIOLOGICAL SOUND 750 Hz OR HIGHER,
NUMBER OF PULSES, AND MAXIMUM PULSE WIDTH SATISFY
SWALLOWING CONDITION

SWALLOWING

CONDITION SATISFIED?

NO

5210

S211

A

SPECIFY THE BIOLOGICAL
SOUND GENERATION INTERVAL
AS SWALLOWING SOUND
GENERATION INTERVAL

DETERMINE THAT SWALLOWING
HAS NOT OCCURRED IN THE
BIOLOGICAL SOUND
GENERATION INTERVAL

A

DETERMINATION ENDED
FOR ALL BTIOLOGICAL SOUND
ENERATION INTERVALS?

REFER TO NEXT
BIOLOGICAL SOUND
GENERATION INTERVAL

YES




15/15

[FIG.15]

(XONHNOAYIA) Nh T4
< :

TYAIHLINI NOILVYAHNHED dNNOS
ONIMOTIVMS dHLAY ATHILVIAHWWI HSVHJ
AdOLVdIdXHd NI VIVd dNAOS 'TvOIDOTIOId

(AONENDHAYA) ¢4 Td 0
< ; :

TYANIHINI NOILVIINHUD dNNOS
ONIMOTIVMS dHLAY ATHLVIAHWWI HSVYHA

AdOLVIIdSNI NI VIVd dNNOS TYODIDOTOId

J

<—

TYAIHLINI NOILVIHENHAD
ANAOS DNIMOTIVMS

.

\

(XONIN0EYEA)

d
|

TYAdHLNTI NOILVAHUNHAD dNAOS
ONIMOTIVMS HIO0AHd ATHLVIAHWNI HSVHA
AdOLVdIdXd NI VILVAd dNAOS 'T¥OIDOIOId

(AONANOHYA) zd
A :

TYAGELNTI NOILVIEINHAD dNNOS
ONIMOTIVMS HAO0AHd ATHLYIAHANWWNI HSVYHA

AJOLVIIdSNI NI VIVd dNAOS TYOIDOTOId



