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Advancement of tongue motion estimation techni?ue and its application to
evaluation and training support system for swallowing function
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In this research, we aimed to apply "Tongue motion estimation technique
based on surface electromyography (EMG) signals of the suprahyoid muscles" developed for the life
support of severely handicapped person to evaluation and training of swallowing function. First, we
developed advanced Al technology to estimate various motions and forces of the tongue in indirect
training (basic training without food). There was no significant difference between the elderly and
the young in estimation accuracy of tongue motion by this method, and it was shown that the accuracy

does not depend on age and oral function. Next, we developed a serious game that can evaluate and
train the swallowing function by game operation and showed its effectiveness by experiment. Finally,
we realized a system that can evaluate and train the ability of the tongue in any direction, such
as left-right, up-down front.

Al



B X C—19. F—19—1, Z—19.

1. WFZEBIE Y DY =

e FREREDFEMICIE, KEEMRA (W NS
FRATSOHE T NEIRA) S RE (X7
—=u ) BHDH. L, INHOBEN,
FREECZEE R, M KO S OFER BN
TRICER SN D 7r— AN N0, ERE
BALIANC 1 B H HICHE FRERE DK T8I o
VEMEAE AR CTE D X )7, R
DOBRN AR THDH. —J7, WEFEEDOT
BieEfE & S+ 570121, BO0ERT
HEBERIZ AR 2 SEhti 9~ 2 7= O DA< Y
b E D, WETREREOFIRICIE, EIiEB)
S EHHBIE /&, BECTFRIITZD
Bk 2 72 BRI MFAET 208 (HARERWET
UoNipss ) RO £ &6, 2014), [MHEEII
BITHGFATH D 2 2, IR E 7 4 — KN
v 7T AR DME D o TWRWZ Enb,

EENENETFN— g R LR D,

i 2k 2 L IXREETH 5.

2. WHEOHEHM

AR TIE, BEEREEZTOAETEEDZ D
B L7 B EAREORE A ENMIZEES
EIEBENHEE AT &, WE FHSREDRHM /2 &
NI BIZISHT 2B E L, [
AR (B E AW 72 WA 2k 5
KR &2 7o O PEEECH O RE 2 HEE T 5 %
72 AL il 2R84 4. F7-, DEsEE° o
B L7 — LB EEIGAT T D5 Z 8T, BL
< WEOZR DY B M FHEBE D% X 5 8 LW
XY AT LERBL, KRATLAOHR)
PEZB ST 5.

3. WFFED ik
(1) DEES) & S OHEEE

M EREITINE T, &5 EHREOER
N %, HRFED—>ThHHFR— X
IR == BN TO T2 ik,
HOREER 21X 0D &35 OPsER O
EEBRR L CTE . ARMETIE, FmimE oM
BEAIC R D DEER) 2, AEBEIC XY
HEETE DML,

R, WETREEC X SRRV
fing 124 (CF¥69.45%) & L7z, Wi,
PRI 7 LX 7L 22 Fy o RAVEAE
Wi, A E 72502 GND B s o5 U BE 7
neEnEFLE (KD, LT, 2F v %
NREEMOLEME 2F L ERE DM DOE
fNi7E%, GND HEARZ eI, AFE T > 7 BOX C

2052 f5IC 2B R L 7 1%, AD BHidn 2 L C,

Yo7 T JEM S 2,000Hz T PC IZHLY 1A
ATEL FHIIENMEIE, EEEGIME L TEEZ N
ot £, b, FiloZEE T 4 #fE, BN
A& LU CBA D EE, MEEAIZRBE IR E L
TZEWET OAF 6 BifEE Lo, RFEBRTIE,
Ihooe@EEx 1y REL, AFt14EY
R ZEALICTEHRIL7Z. 14 'y FOFEIF—
ZDIL, BHID 4y e R— 7%
— D R 10y b ERERBEE O
SIS W, F, B E & D RE D

CK—19 (Jtm)

BfRAT~R D720, mKEE, F—F LT
A7 Fafkxrv X, EWEREETT A b, K
AT A M EHHE L.

B 1 & o D EEEHNE DO

Wiz, B D —>Th 2 BRI
HHL, &5 EMEEOREHENMNZ W E
RIR7 MAOAHULIZOWTHRET L. B
BRI RN B b 4 (236 5%) & L
72, EBRTIX, BB I OERONEEEE
L7REET, 18 4 O — 2T, BEtE v Iz
360° Mz LoichzEmmx, 6@ihEE
P TEOEAER L. 2hax 1y ML,
16y FOFHIEZ T2, LT, 16y
FD5H, 8By NaT 4 —T=2—F L%
v N =7 OE, K0 8y N EHEERKE
OFEMICH W=, * v b U —271%, Stacked
Sparse Auto—-Encoder % FH\NTHERL L7=.

QWE T E AT 5 (VY T AT —21)
WE NI W CEERKEE 2 M5 HiEE
B2 Il S B EEL T 5729, HDO K
71, BEFT1, FEAT), T 8 A, T — Lk
YEZ 8 L Cabl - BT REZ2e > U 7 A7 — A
VR L7z, BEFSFEIZIE matlab & Uz,
A7 — A%, HEEAFEIZ—EDOR S T
HEHO® S &, OMBEIBEZ1T 5 BoEF
RO EBEMDOKRE S, @FEAGEN
NHHEE Lz OEE#RC N ORE X, @FE
HEMRTBRTZHIHEEDORETE, OVWTh
NCay bo—/LL, AEHLETHDHIERKIC
WY ECETEEDLILOTHD (X2). FE
BRCix, BERARABME 104 (CFH 22,8 5%)
Extgrl L, 1 H 1047, 28BE CEFHDA 10
AR ©F — L#8E CEHEERIMH) 2 50 L,
BAEMEIC R 2B EN D, TREOE
EHMEA L. ek, RERTIZOZ Y —2A
BREI®RIN U7z, £7-, e o ko 72
W, KEE, A—F VT 47 Rafrv X,
SAEMERME 7 A e EHE LT

Time 158 s

X2 U7 AT —LDO—4

—7, @OFERELIL, APENICHAL
T —rWEEHET HEETHY, FO
A ZA~OM UAHTEME LR - 335 2
EMTERV. 22T, AFFETIE, A LT
A 7e &, ALBEFIEISERRE /R &7 h v
PHETA-HI2, 3D 7Y X THYEL-FH
PEfdEs, 6 #h )5 2, AD AHARR, PC, FAL



EFHEH 2 xR 7 — U Tk ENns, 3 kot
T HIEREE 2B L, EREREDORFZERIN 72
P A2 FTREIC L7z, SEBRTIE, WA
(CF¥) 22.55%) 72 L UMMASH B 5 4 (B
TEEEE AR S R, BT EE) x4
L, HEEAETE LR TAESA ETFRITIC
]t 2EN S, B3, R, THigEZe £
PRIE L. $£72, o701, &KEE,
F—=FNT 4T KaxrT A, KEMERLHET
TARRELRE L.

ek, ElRLUETXRCTOMENEIL, &
KRFGIBEZE S DOERRBELBT-1%, HhE
WCEBRONEL U AZIZHOWTHIAE ER O
& THAL, +okfr7+—LFRarstk
v hNESTE ) 2 THEM L

4. WFFEAkR
(1) O peES) & Sy HETEE
R O D PEES) 6 BEIC R 5 R

BT 95.2%TH Y, BHFEHZD 95. 4% & ik LT,

MR ERETIRBO N2 hoT-. £
7 BREE, A—FVF 47 Fafxxi X,
SAEMERHE 7 A K, KERAT A N OFER L,
R OMICHBIRR RO bR h o 7.
ZDOZEND, FRCOEKEICEL T, &
EEFIENE (B2 0shof, £, F, FicE
X HFEIVE) , BA D RIREN VR, W T IR EN (E (22
WET) &, &8 EHREOREHENMI D EW
BETHENTE L ENHLNE 2o T,
—J7, RFEE, 22 F ¥ o xR EEMD
PEHENBEIZ L > THM SN & LR
BN N R D72, BWEEE 2L IR
R FEAL & AEE) & OBIHEAHT (BRI &
LT VOER) ZITOMERHDH. Z
MK LT, ABFFETIE, B OEMOE T
DFAEEN N Z — v B FHET VAT & 2
A, BEFBEXROX Y U T L—v 3 UMEE
FRIETE D A Mg AEERERDE A E
WTEXHZ L amLT. £, AlpEL,
BERRIC B 1T 5 OEEsh 7210 Cidie <, HEE
AgICB T DHE TEE~C A L& 2 A,
Bt W T 0D 5 S0 — [RIHE T B D IE U MZ DUV T
b, [FERICHEBICED Z L 2R L.
HIERIZOWTE, B LR O G
B—= b JERIIRXT MV OBRET 4 —7 =
2—I N Xy NU—J TCFEEIEELEA,
FHBEIfREL 0. 8 FREDIEE T, J1xT ML
ETED I ENRINZ(X3). HEER I,
IR E b <, AR F, b
T FONEIRWER & e o7, 7, Hi
FEHE L HEREEDOMICAEEAITRO LN
N x HOE —— WEE
.«J'\wu!‘- I|._‘»'“U: A LA '“l._}‘ﬁ'! | v._r"". |

W VoW L L

RNl

L ,- AP - . f N |
‘nﬂvﬁﬁﬂﬁﬁﬂJ?ﬂﬁ%xﬁV{W~¢ﬂ:

o
ol

o Y N I

e

X3 FRINT FILOHEE RSB

T, FEOEMEICBITAERIIRT b
HEERTREMES RIR S 7.

QWETI T AT L (V)T AT —LD)

FAER 2RI, 10 RO, 47 4 — K
Ny 7 A EhE LR, EORKEET
49.8 kPa 7% 61.7 kPa, /A 771X 18.6 s
5 3.5 s ~NEENENHEICHENTHZ &
PR ENT- (p<0.01). F7-, BEEICTS
JTTOTHEEE S #5 Ml L7=& 2 5, Root mean
square RE27E1% 13. 4 %75 9.3 WA E IR
L, K7D, BRI, FEAJNZIN A, itk
WCRT DARE T AT LOFHEIZONTH
RN,

BEEE
+ B R I0EDF 1

=

R DRz i g

X 4 NAFT7 04— K w 73K DERK
FEDZAL,

3 RoTE IR E OB T, 6 #hi R
Y EBRMT S ZLT, EAETRHIGRE,
(BRGNS R ATRE 72 & ) OFE R (B R
577, B, P, FRATD) &, BRI
LHFANCFMECE 2 Z & &R Lz, AR
i3, FrFeE L THBEATH 5.

5 A RERFTEIC X T B B )

F o, BEEERRE LI 10 HEORA 4
T4 — Ry ZHFETIE, EFMICBTSE
HRERN T _RCmETAZ e MRINT. &
Oz, —r e O EEE O RIS Cd 5 i
KEE, RSST, A—F VT 47 FaFrIy A
W LToE 2 A, BERIETIEHSICRAT
TRRVRRELEZ, AV AT ALV FHMET
DL AREMEA R S N, W FEES Ok
BT, EWESEFELVLD L, &£
F7ETe EORE OB L EEIIZFHETX 5
AREMEDN R S T2, s, WEFEEE OH
ETIE, FHOMNEEEN —HALNTZZ &
26, PERBR~SOFBEELLT S X5, Kl
WENSHMLELE 2 BT,

B)FELD

AW TIX, MBI T DRk 7o O
TREC ) O R 2 IR EIHEE T D m 7R
Al Hi B Lz, £, KFECI5HE
WL, Ml & EEE L ORICHE R
O LT, FElC DEEEREICKE LN



LIRS T
T TR RE

EBIT, T hEfELE L
APl - FIBETRE RS Y TR —

LERFEL, TORMMEETRT EE DI, K
FHETRIG R E, EEFH~OEDIIFRERE
T %R - A CTE DU AT A EER L.
ST, A Z S HICRBESE, BEFEE
(X9 5 FREAR VIS HL Y A TV & 7200,

5. ERRERLE

1

1

(MEssam ) (Bt 3 1)

ERHER, xR, ZF v FVKE
AR X N THIGEIC L AWl T HRE D L 1
L1k, VN F—v gy =7
> 7, 33(2), 2018, FrAEFLE (KIEEFR),
A e
RS, fEx RE, 2T ¥ o RV RE
AR X N LEIREIC & 5 e /E A BB B
WTOBA%, VB TF—v gy -y
=7 V7, 33(2), 2018, HREiEHE (K
R, AaciE

Makoto Sasaki, Kohei Onishi, Dimitar
Stefanov, Katsuhiro Kamata, Atsushi
Nakayama, Masahiro Yoshikawa,
Obinata, Tongue Interface Based on
Surface EMG Signals of Suprahyoid
Muscles, ROBOMECH  Journal, 3:9,
DOI:10. 1186/s40648-016-0048-0, 2016,
i

Goro

(R #E] (Gt 29 14)

BRARHER, fex RFk, SkHEPR, HIiliE,
R, SR8, £F ¥ v RVRETHE
X O W Rk K D T2 — %,
FATHTA 7Y R— b FEETa T 4T
A, 2018.3.9, IARKE: (HHl =
)

HE SR, e a ARER, HLE, HIEEC
XV EENEWT 2 ES AL Hl, %7 B8
HASEFF2s ) 2018, 3.2, TEPTA Zeufidifien
CROER PR X)

Tatsuya Watanabe, Makoto Sasaki,
Mamoru Kikuchi, Isamu Shibamoto,
Tongue movement training device by
intraoral sensory stimuli for
articulation disorders, 14th
international conference on
uHealthcare 2017, 2017.12.5, Seoul

National University Hospital (Korea)
EIANHER, Pex Rk, 284G, MR,
HNE, 74— T —=v 7 % 7o
ToXE — FRAT O FEHERIRREY, 58 51 Bl
AARE TG ke, 2017.12. 2,
FEKRS: (BKERRCE )

HE SR, e x RER, SGHhiE, HoliE,
R ETEEN B - O EITRHL, 5 51 (8]
HARAKE 7281l K e,
2017.12. 2, FKEKY: (BKHIREKET)
P e Rk, PR RN DB AT U
vV TFr—varEEzb, Wb TERE

7

10

11

12

13

14

15

TUNEYTF—v a3 VSRS 27 [BIHE
23, 2017.10. 21, HFERKRT (EFEE
il 7)), FRRFRRIEH
ez Rk, HFE %2 Mo EE EmRE
O = 1 i FE AT IZ K D DR RE O HL %
24k, 5 59 Bl Rl EAEE PR,
2017.9.16, IAAHEFLRY (KB RHE
i), HFrERH
SERIEMEL, xRk, FILTE, KB G AR,
MSERL T AT IS & B & B EE O K
BALAE 50 b OF I L OGHES O 4B,
LIFE2017, 2017.9.15, A DKL K+
CHRORCT SO X))
PR, AT, fex Rak, RinfhEz
AW EE ERBEASA T 7 40— Ry
FFREEE OBFE, % 18 RISHERT TS,
2017.6.23, <IZUV& A v & (BRRRIT
1)
SEEHAL, ez Rk, KA 5 HER, FHSZAK
53 5T & W Te R AL DO 3B L 2
TR LOHEEROHEE, 74 7% FR— 1
FRE 26 BT e T 4 TAEHE,
2017.3.10, ZIHTERY: CROLHETIIRIX)
Shumpei Ito, Makoto Sasaki, Isamu
Shibamoto, Atsushi Nakayama,
Katsuhiro Kamata, EMG—based
Classification of Tongue Training
Motion, Joint International
Conference of Big Data Analytics in
Health Informatics 2016 (BDAHI2016)
and the 13th International Conference
on Ubiquitous Healthcare (u-
Healthcare2016), 2016.10.29, =HEHEKZ
(e B PR e A T
Ryosuke Oikawa, Makoto Sasaki, Mamoru
Kikuchi, Isamu Shibamoto, Atsushi
Nakayama, Katsuhiro Kamata, Electric
Wheelchair Control Using EMG-Based
Tongue Interface, Joint International
Conference of Big Data Analytics in
Health Informatics 2016 (BDAHI2016)
and the 13th International Conference

on Ubiquitous Healthcare (u-
Healthcare2016), 2016.10.29, =ELKE
(8 Jo B A )

Ve e ARGk, FEHEREMA - B AZ HBY & L7
VU TR — OB, 22 B HAER
WET U AE Y T —3 g VRa2iike,
2016.9.23, KB A v+ (FriBRHET),
IREIVT 4 AT g v

Ve 2o ARFEE, 122 REk, HILTE, Sk HB,
FIERME 2, ek e, SRS, FHEHER
EHWEARALFT 40— KXy Z 3 A
T ADOBR%S, F22 B HAEREWET U N
U7 —a UEEETIiRE, 2016.9. 23,
KEA vt CIBRBrET)

FERFRNf-, SR, FHYPFR, N ST,
i T], xRk, Ex KE—, EEHET
UNtEYVTF—araXz 50077 A
F LD #RAk, LIFE2016, 2016.9. 4, ik




16

17

18

19

20

21

22

23

24

25

26

R (EHERALETT)
RRERE, o2 ARk, SRHBR, S8R5,
PNE, ERF Y NE YT —va a2 I
& Ul EEEHEE RIS 50828, & 31
Y NT5HH 7 7 LA, 2016. 8. 26,
EHRSZ S LW 70 (F R s 20
i)
B WY, ez Kk, 45, S,
EARH, g, FEENICER LZHE
A BT 2 —ADEAF, B3| ANTE
BT 7 LA, 2016.8.26, fm AR5
LT 7 (@ RaEE)
Ve x Ra, DHREEEE:, SRHBSR, TIE,
AR, EH EHEEOMIEE) N2 — 1
A B LTz @i o & EERAE, 5517 A
SRS, 2016.6.10, ©— AT
2 — 5 ORI AR i)
N, fox Rak, BIE, EAE, 1
H2E PN B B O En T AR MR L B T B R IR
A, B AT O ERRRE 23 5 56 [T R4,
2016. 4. 23, HPERY (BER)IBH)
Ve x ARRFBE, e Rag, HILE, AR5,
wE BB ORE T EMNE W HE RO
N7 MVHEE, BTN RE TS
56 [A%E1F K2, 2016. 4. 23, HPEKRE (B
F Bk T
Isamu  Shibamoto, Makoto  Sasaki,
Atsushi Nakayama, Katsuhiro Kamata,
Identification of the tongue motion
and dry swallow by suprahyoid muscles
activity pattern using multi-channel
surface  EMG, Dysphagia  Research
Society 2016 Annual Meeting,
2016. 2. 25, Arizono (USA)
P2 Ra, MR BREOBE SR DT
WOt a—~vo AL FTx—Z, ANHX
BO-HorRy SEGERE I —,
2016. 2. 25, HEIRT (BHaBREA S ET),
AT
RRERE, o2 ARk, 4 ARPFEE, S
0w, HE, AR, KEfhEia vz
B O EIEENERA, A AR 28
BN A =TV T HEE,
2016. 1.9, HUR THERY (RO H BX)
TN &, fox RSk, LN, SHEE,
WL, SEARE, fEE IO 72D AN R
B IZBE 9 2 RO, B AHE
BEEAS AT P=T ) T HEHE,
2016. 1.9, HUR THERY (RO H BX)
BARRR, e Rak, VepEfeg, HIE,
ERF, BRFEIEDRFHRHICET 5
FERIRRES, B AR5 28 BN F
V=TV TS, 2016, 1.9, BT
FERT GO E B X)
Isamu  Shibamoto, Makoto  Sasaki,
Atsushi Nakayama, Katsuhiro Kamata,
Aya Hirata, The volitional control of
swallowing sounds in elders, Asia
Pacific Conference of Speech Language
and Hearing 2015, 2015. 10. 9,

Guangzhou (China)

27 W& Kk, FHEkEET, dlns, S HPSH,
EARE, 2T v pNREMHERZHW
TEEF LA hoReE, 521 B HARER
WET U ANE Y F—3 g s FRaP2iikE,
2015.9. 11, [ENLRHBEERSAE R
HBTH)

28 CHEEE T, SR %, HILTE, SRR, fEx
KER, WETREERZ 3SR E L EHEEK
BINEIZBE T 2 SEREROMREE, 26 4 8] 4 %
Wiz FESs, 2015.7.10, —PB9 T 2m S e
R Ca TR

29 SRHPSH, S2ARE, Vex Ak, HILITE, #
HFhEEAFIEHET 7V r—va v
OPRAF, % 16 B HASHERT S,
2015. 6. 26, fUEEEE 2 — (EHRAL

A1)

CHHRERI) (Bl 2 1)

1. 4FF : HFERERRAT - FIfst i
T A ORER, EARE, SRHEBH
R« B FRF
FHFE : HFEF
&5« KyFE 2017-092131 &
HFEAEH B ¢ 2017.5.8
EWNA DR - [EN

2. ZFR:EEEEEREMG L, EHEEERI T IE,
EHREERTANEEE, K OVEHREER IS E
T AR, EAE, SRHEBH
FERIFE - AR
TEEE . RREF
%5« FyFE 2016-182278
HEEAEH A ¢ 2016.9. 16
EWNA DR - [EHN

(ZFfth)
AR Bl
http://www. mech. iwate—u. ac. jp/ makotosa

6. WFIEE

(D) WFgEfzFs
xR 3k (SASAKI, Makoto)
EHPRE BT - HEHAR
9835 80404119

(2) WFge sz
Ee B (SHIBAMOTO, Isamu)
7 A N7 7 — RPN Y F—
a PR - R
WFgeE 5« 30458418

(3) ;7% (NAKAYAMA, Atsushi)
—B L¥EMEBFEHM P - KKALE LFF -
Hidz
WIEEF S - 70270212



