BIRNIEF REATRIRE
IPSJ SIG Technical Report

Vol1.2022-HCI-200 No.33
Vol.2022-UBI-76 No.33
2022/11/9

BEFNEEL > VT ZRAVI-BEREOIRE

Al SRR

= AT

BE 2720w THxsEL, BEFEBEMERW2 2T, AFESNS Z e BTHEROE

EDATREIC 7 5. AW T, TERDOBEFTREM L D bFRICHEMTELTELLT, |

EEIEEL

YT RHAWS. AFIETR, EAEL 20O NI RERETY - EE~A 7 2HOVT,

HOBRZEE#T 5. 3, EE7F -2

BB X, 20kHz~48kHz DR EETIREIZE 5. RIZ,

FRRICEE X B EBE~A ZICEoT, BRLTEREEZIEL, E50REREEREL2S2. K%
12, SVM ZHWCEBEREEREZEA T2 2T, FHEOOOHIREZR#T 5. KUIZETIX, 4 AD
KENEENRE L2FEBRIC X > T, 5 HEOREDOOMIROEMEE 2 HFHE L /2.

1. kLIS
BREANG, MOEETFRIEIHoTVD L ER, &

PIEDEZ D5, \#@%%Lﬁ%%hé LD b
DLNBEIRGEITBWTHEHTHS. LrL, BEFom
%ﬁmtamkﬁi,774A/~Z%#1U74®ﬁ

RS, =2 EMIERLSs Vv WS MENDH
% [1)[2][3][4]. = 5i2, HHERMOFEEX, FMOBRES D
HEERELZIITLES.

ZIZT, ThSDOMEE RS 57 DI BRI
PITbhTnwa, BEZR# X, FHORIZE DRV
EMEER R YL, REOHEERITOILWVWIBDTH
%. BEFEENE, EAEEICRO2BERRBEFRELT
RENTHED [B)[6], ZL OL—FHREKRDOTHEMIC &
LZANED S, BEFEEIC X 2 AN ZIF 2 WS IREER
DIE XN TS [7]. %72, FHRETORGELR R E
ANOMPFEL LTHHWSE Z A TE S [8][9).

B EAT O FIRIZ, HARDOPREINTWVWS
ARBEOEEICHEH L TRy > v 272175 DX, RGB H
5% AW TEFA R Z1T 5 b D= [10], FZf§oEENEHH %
153D 1] B TEHEL VI 7 LA ZHVS D [12]
REBDHD. Fiz, TBERAX =YY 7EHAVWEHD
£ 13], OALOHBEEZHVTY 2 2AF v B#z2{T5dD
DH 5 [14. LHrL, IhsOTFRIAMDEOFELZ
F3HD, FALZABEL > THAEARZD D, AHPRE
REYDHEABRICHEL 52230 EZAMELD .
F7z, FHCHEIGZ W 2 BAERMTFE TR, BYEN RO

fLOMET LESFEMARERR EREFLYER
12 MEH LESFEMAR BT LR
) r117229@g.kobe-kosen.ac.jp

© 2022 Information Processing Society of Japan

F2DIZw R BEE LI, OxdRBhTLlLE> 47
N—TarOlE IR 5.

Z 2T, RFETIE, BEENEELY > Y 7 EHWEER
FdimERE T 5. KRFETE, IIKEEILRTEES
P EE~A 7AW THRERREZITO e 2 BEE T
5. KREEB TS - [EEB~A 7 2HEORE D ICEET
5ZrT, BEEREMTES. 20729, Ny FRrok
IRBICEB T AL R T 22N TE, HiLbizL
V. Fiz, RFEETERANROESmEREE v TEAHR
WEITO D, HREHAWSZFELIZE-S-TAIIL—Va
R MRBALA ORI E Z 1 2.

AWFFETE, FITREEBINEELY S Y WX >THDOE
WEFTERATRED S R R X > THE L 2.

2. PBIEAR

BARRIIIA TRV RO Y EHVS D
DI EEABRFIEPRBEINT VWS 720, RiffFLr xR
BIAND . T, AR TIIBERGFRICHEEIN S B >
YIOEAWTWS D, FEFEEEAVEHEEZERNS.

2.1 BEFREFE

Kk & R BRERRRR R AT O FIEMRESIN TV S, RGB [H
BEAOCTRERBREZTS>DDL2 LT, IXTICTHEED
Hg»d 2 WEE2EREIRE L, DEOED OREOER
FEXE2HAMB Y v TV =T 4 Y& o THFENE L HE
FETES [6][15]). £/, HEMDE/ 7 aligroiRER
27T AREEL, O = 25+ 2T E 3 [16).
LoL, IRHDOFETIE, I X7 EHEEDHEDHNICHE
TEHERERDHD, RENXOEELZIFSZLITMZ, A



BIRNIEF REATRIRE
IPSJ SIG Technical Report

JHEBRPF TR B 258
WHET 5.

HHZRA X —D > 72 HWT, HEENOIRIED & FHFEN
BOWERIT- 72W5ed H 3 [13][17]. BEHEA X—D >
e, BERIa—7 %80 FOEFICED 1, Fik
WS U7z I o KSR 2 HIE T % 2 ZTE%ODW%K
KEEERT 205D THS. LrL, BEEAX—
DY ITDIDHDTA— 7@#%kﬁﬁ1%b,lﬁmmw
B{REBS S 27205 VBRI L, 7u—T7%K
BICEBEXEIVEND .

v%&%%mtﬁmwuuawﬂfﬁ #TWO$%%
(Non-audible murmur, NAM) ¥\ 5, FEEOIREIZ 1D
RO E (XXPEH) %, *Uﬁ%%@ﬂﬁ% ’HXDHU?:
A7 THHT 2. L, AT LDIEHICEFHERRT %
ek, FMHAED?D 3 —EULDOE To$%%%£%
IORBEDHYH, ZODOXPEFEEBONCHEISN
TLESAIREMEN D 5.

AR (EMG) %W BRE5EEa [14][20][21] T, H
ERHE DN D IRAE % 58k L CERERR 21T 5. (R
DIHRIIEMEEEE LTED, ZAZN DA DMK
REFHT 272012, BBROE Y BREICKRS. £z,
PARMNCEES L7-BMAHTZ>TLES.

CFEAN, H23WEICE S 2EET 2 R IRR X
NTW5. Dermalll] 1, ST DRICHEE L EE L
VY BEUOAREL Y TRERREITS . BOVEETH
Fa<w Y Nz x 30, HEotyHIFHEKZHW
BFERBRICHZ o TL % 5. SilentMask[22] ® [FERD
YTk o T, HOBRZEZHS v R 7 D#E 2Ry >
YIL, YV RAFxBEEATI. SR ZEELTWER
O, NOBE» R ZFHERMEESEW. LirL, vR7
Y 8 OB IREDE ITHERF S W20, SRRV
b BN DH 5. TongueBoard[12] 1%, [MIZECE L 7-##E
LU T LA TEREEDY 2 RF ¥ 235, Ly
L, B3 EROBNCEET 275, HERFECLEEOR
DEHFITT2 S,

—7, BEFHEIIREOEEREZ V3720, BREDL
DEBRLX I N— a YOMENFHEE LT, H@ﬂlk
YHEEDMFITUE I WD, Ny RRVRY ORI ES

FTETNA ANDIERPESTH 5.

2, Ao A— 2 R

2.2 HEBNEEEYIVY
RSB > 73, MIRDBIR, MHE, HERE

fRIC & o TR F 2 [EH OIRKE, ABRBIREREZ AW
2V IFIRTH 5.

Touch&Activate[23] 1%, VMADIEFREMHFDZENICTL B,

HIRARZ VOB E TR ED XS flisnT
WEDRMTED.

%7, AudioTouch[24] 1%, {EDLEFEZEZ BT, FO

© 2022 Information Processing Society of Japan

Vol1.2022-HCI-200 No.33
Vol.2022-UBI-76 No.33
2022/11/9

ERHADEI 22k 3, FORBEREREDOZE(LE
HOWTFDY = X F ¥ 38i#k%1T75. AudioTouch THWS
N3 FRIELYRETF2HDAT, ThbEFORICH
DT THERT 2. FOULRIERICE YT EWMDIT S
ZeMhnizd, REEIMRW. The Sound of Touch[25)
X, BUCED S EB Y — v/ EB~ A 2T, fHTH%
2 BRI Oy 2 RF ¥ DEMB LUK v FIE
NEHEELTWS. Bitey[26] TlE, BizEi~A 7% HWT
WEEASOEBOEETML, ZVv 7 AN LTHE
FARETH 2 Z e BRLTWS. T/, Bz 2thF %M

BOEIGEDEDEVEIRML, AJGEREZHECTZ
EHTES.

INH DM, BENEREE Y Y 7 AVTADR
Z2ECDGEMTE D DRI NTE D, AFFLIEIATFIE
RGN DA VD TR S,

3. BEBNEEL I VIZAVE

3.1 EIRTLOWRE
FERREEZAT O BRIC, HORBADEAR % 5 KT E
HEIL 720, BT HEO B PRUBER N ZEILT 2 &

P == =5 SHip
%&Fﬂ Ry

EZoND. ZORERGEREOELERHATS
T, BEEIREE L L > v T K B BRERM e HIHTE 30
HEMEDS D 3.

BRFIE T, AudioTouch & FfRIC, A DEE 7Y —
CHEBE~A 7RO, |FRENCH U EE R O R
EEREE D L ISR E1T S .

REFEOBIED /=BT, BEHNEELY > Y IV
IREREROODOBIKROEHBEORER S I, 7
W — DR EEME L TAE L.

3.2 AORATFLDEM
A AT LDOEREN—FT 27 Y7 VY 2710
THHT 5.
N—Fozx7
AYATLATRERK VISR TERETY— (K1AE LT7X
7BB-20-6L0,20mm) BXUEE~YA4 2 (K14 Thrive
K2512BP1,25 X 12 X 0.23mm) % f\WT, BEOREIDR
JEOIRE), BIXOANRZRERL TE R ZFHT 5.
IhooRFRERMMET —7 (3M, 2477P) ZHW
THOREADAUCERERS D 71 72
FETEA—T 444> &7 2 —2Z (Roland Octa-Capture
ual010) /L Ca>E¥a2—& (HP ENVY Laptopl5-ep,
CPU:Intel Core i9) ¥ ##il, 2> a2 —XEHVWTED
HAEBIUREEITo 7.



BIRLIEF RRRE
IPSJ SIG Technical Report

L RARRE RRRY LN RN L

B 1 (05 3EE7Y —5 kOERTA 2

F—FAFAVR2T7—R

B2 N—FYz7ODW

VIbhkox7

¥3, avPa—XERTESEZ4EKL, Python @
SoundDevice 74 77 UV EHWTESOHEAB X NRE
2175, AR THWIZEE1E 20kHz~48kHz DFEE R %
4096 5 (1943 2 VD) THERMICER T 2/ 1EET,
NEY YTV 2 TR 96kHz THEKT 5. DRI
BOISCATIRGE [23] BB L TIRE L. RIS, SxE L1z
ERICNLTE#E7 — Y &4 (FFT) Z21TV, FigEz
T 2. E5EY 7Y VAR 96kHz T 16,384 /4
M171 3 V) FokEHL, e L7 —XIITHL
THE#E 7 —V & (FFT) 217V, ARZ M2E5.
R L 7=4m515513 4,096 B (R 43 S V) T 1 FE#DT
HB7, 16,384 T A AT ORINESZEL T 21Tk
5. AR MADLT—R% 40 HBEWHREHIT XYV
BTV IRT, IWEH LT -2 E2EELT 4 L&
WY, BT -2 RIE 205 i h, ZhERME
¥ LT SVM 7SR EEK T 5.

5 ODREEHET B0 00RO RBF % —
2VE W SVM g E WS, SVM 2 W/
AudioTouch ¥ R U T, DWW TF— X CEfEEDFEHIA]
HETH21=DTH3. £/, F2 -V I IXHEBROEE
EHRURETH D WO HIDH 5. SVM G ZEHET 2
B2, Optuna 74 77 VZHHL TAA 8= F X —4&
DEEHITS. SVM ET L L THWEZDIX Scikit-Learn
FATIVDEY 2—LT, TAMF—XIZK2THET

© 2022 Information Processing Society of Japan

Vol1.2022-HCI-200 No.33
Vol.2022-UBI-76 No.33
2022/11/9

BEDTF(b)

HnE»08E(c)

3 EEIY—BIUEEYA 7 OEEME

SBHZDIA T ITVERAVWTT AN — X EEHAT—
ZORERITS. TAMNTF—XEEHRT— XD ENISR
BL27 7402 ATV, T 7L OREE O FHfiX, K-
DEEMFETIT 5 . IR, MREORE R Z2 /S 2 DB
DIEERy LTHIT .

4. BEFNBEtL YL VI EAVEERERRERD

AL
RETEORIED DT, /Y 2 AF v DIRHFEE DR
E, BIUOEZEHOEER TFORERLEEMNE % HAE
L7-.

4.1 FHRAT—AEESLUVTRAMAT—20ONE

Y x AF v ik SVM HEREEN T 27012, EE %
B4 NOEBHNIBFCH L TCEEHT—2BLOT R b
H7F—2DWNERITo 7. EZEHOEERTOREIEME
X, 2oL 0E, HEDOF, Bokr0Hr L, %
NZNDEBRTOMBEE ANZZIBHES 6 XX — 2D
ENMEICTREZ L.

FEAHNE, FEBRIEIIEBCHE TSI, OOF
(REY 2R F v) BHFFT LR L. 1 REY =
AF ¥ Bz h ORRERENIN 3 WEET, ZhE 1 88—
VHEDS0EFEDRL. Bl IU Y RELE F-,
EBERTOEEEASLOTORMEThOEELEEL,
WEZEICZ EHOEERTF MO NI RB L. HF
RZFTBET 0. 10 EOHT, 5 DOREZE 2 [H



BIRLIEF RRRE
IPSJ SIG Technical Report

R 1 EHE KD FRINGE

» w 5 Z B I

a-b | 77.1% 20.0% 59.7% 45.9% 62.9% 53.1%
a-c | 30.3% 15.5% 18.1% 14.8% 9.3% 17.6%
b-a | 52.2% 45.2% 20.0% 21.0% 31.2% 33.9%
b-c | 48.6% 16.6% 324% 16.4% 19.3% 26.7%
ca | 45.7% 155% 26.9% 47.6% 31.6% 33.4%
cb | 19.7% 14.0% 41.0% 31.4% 441% 30.0%

x2 HERE
» W 5 Z B 4
ab | 31.0% 21.1% 27.1% 29.7% 31.7% 28.1%
a-c | 28.7% 183% 9.1%  121% 20.3% 17.7%
b-a | 27.7% 15.4% 19.1% 19.1% 24.0% 21.1%
b-c | 33.5% 15.8% 14.8% 21.1% 25.9% 22.2%
ca | 221% 32.3% 145% 29.0% 28.1%  25.2%
c-b | 18.0% 19.9% 22.3% 30.0% 25.4% 23.1%

3O, FUYRLRIEFETIToTH oo/, iz, KENZT
ATz 6 FEDEBR T ORI D IR & —>Z8i25 77
YEFOEMLT. —ADDINET 2T —XOEDER
i, 100BIX55Y Y FX 6% —2D 300 BTHo7-.

4.2 SVM SE3DIER

PWEEL7eT7 =& (wav 630 ZHWT, SVM pEE#R %1
L, TOREBOMELFAE L. SEERTOMDA
IR =V T ICER TR0, &7 — X TH¥ME
DFEEFHM DR ZEMAEZ 1T 5 e DIZT A b7 — X 25
T=R2ONEEITok. HENIEHRET X ZLIATWY, 1
Pz RAF v HH 10HDOT7 A4 LD 5L, 9EEEEH,
1fHZTANHE7 740 LTHEILT-.

4.3 FEBICELDFFREE

EBRH B L 2RE RTINS, FEEDADT —X%
FWT SVM SR Z1ERK, 720 KICFBEOREL %
Toz. UToR 1, FTTF 2 -2 T DFHDIE
BRERT. BE, RICBIREERZFOWMDTIALEI
zhvtha (ZH0HELDE), b (BEEDT), ¢ (HED
BADOFE) & JEEIV—DNMBE) - (EE~A 7 DME)
DEIIREL LTS,

WRERD L, TE~YA 2% ZDIMEL OF, TES

P —2HEO MO MIEGEIC, 53—k +D
EERTRBCEZe P23, Fric, OOEE TdH],
B & LBOBERENZNTT.1 %=L b, 62.9 85—
R AN N ik > A DA

© 2022 Information Processing Society of Japan

Vol1.2022-HCI-200 No.33
Vol.2022-UBI-76 No.33
2022/11/9

4.4 SEEREOFE

£ 212, SHOKGERCBY 2 EERTOMMIT 2 —>
TYORBOIEERERT. RIS, EBHETFOMETE
fiED a-b, THROBEB IS —% ZdrAEL DE, T
BYAZEEED NICHD 137z 8 & OF8KEED, fho
[EBRFOMTI 2= XD H 10—t > FEL, #
30—k Y FEBRoTWB I ENbRs. 303—k > b
W) B I R DIKWETH 20, FHHIC X 5 HAl
MRAE TR CEEN B THI 53.1 —+t > FDIEER %
BLTWE. ZOZeh b, SEOKRIETIIFERZITS B
2, KB HECEFETS E TV —DREIEHIEPIEL
WODHIKRZ Y% 5 FLEZ 5N TV - AlREENE
ZAbNsb.

5. &am c STRORE

51 A—H¥ZroFvy)IJL—>3>

AREETIE, 2—F T DF XV T —ar L ARy
HREPER S 5 2 L 2B, A \OEBMhEDF— 2%
FeHTHFEEXEE LrLl, SEOMIET, 2—HF Tk
12 SVM M E 22 X840, B —F D7 —&I1C
o THFBIVLBELIDDEBZEL TR Z bbb o
72, ZD7®, RFEEEBRICHVIEEZ, -9k
WKEFEY VT —=a v 50BRHEILNS.
ZD7=, VERR L7z SVM 435833 O 13~ o 3 F 3 R
ThdrEZILND.
AFHRICTEBRIBREANZITOBRIE, 22—k
SVM IR DY, H20E 1 1o 2 X8 RITh
BhrohoweEZ N5,

5.2 ESNIEBEFIEOREL

AW TIE, HBATHEZSEICLTHET 2E8% 0~
48kHz DfF5IEBIC L. L L, 40kHz ELDESHER
FARIRRIEICIR D BN S 720 [27], 51 2 DFEBEEH O
BEEHAVEZLIZE-T, BBOEERPA LT 2 DH
EShEMEET 5.

5.3 EBRFOEEAZE
SEIOMGEETHE SR HEE, EAESIKENI LI
MZ T, EERT LM OEMIRIICIKEL T/ £ 0%
BICEFATWB e hbhotz. T, EEZTOME
EHEEZBR LB THED D 5. AudioTouch[24] T,
FNA ZDREEERKRT 272012, FREOHZ LY
HTEGHTE I RBRELTVWS. ATETY, Tkl
EROVZYRTFEHVIUL, KO BRFEZREICESEXE,
WIERINCIREN X B 5N B A[HEMD B 5.



BIRLIEF RRRE
IPSJ SIG Technical Report

‘&’ —start/stop
‘LV—>prev
*5’—volume up
‘Z’—next

‘&’—volume down

4 Ny FERTOMHAB

5.4 FFVr—23a )

AREFEERVT7 TV = a UHledRs. £3, K
FRICE o THA4IWWRT IS CERT LA Y —REDERIE
MARETH 5. AHEEE, MTENEN > TV BFEIIC, <27
ZLTWTH TN, ANDT 7L ADAGEIL T8, M
B, FEEOEICBWTENS. 7z, SkullConduct|28]
DI, EARFTFEANDIEHDEZ NS, ZOHAE, K
FETHERAL TWBE P, SkullConduct TEHAXNT
WEHIREAY - —BLXOBEE~ A4 7 XD b LAfiT/h
BTHded, KOFRICEETES.

6. &R

AWZETIX, REEINZFE LYY 7 2HAWT, 5 BED
REREROOOMRORBBEZRNE L 2. ZORR,
#1308 —t v FORBETEREZITO e TE, HER
TEIZOPAEL DB LEEO NI I 7561, &
HEVIIBENSOND Z e ootz £, FRK
EEREOBAZIIRE L, ERIHEHAT 25832 -9
TrIF VT = a v ETOREND S,

S%Z, BELHEAEB X OCEBRTOEEHED RLE
LEITV, BiEEOmM LIcED 2 FETHS.

BE3

[1]  Aarthi Easwara Moorthy and Kim-Phuong L. Vu. Pri-
vacy Concerns for Use of Voice Activated Personal As-
sistant in the Public Space. International Journal of
Human—Computer Interaction, Vol. 31, No. 4, pp. 307—
335, 2015.

[2]  Christos Efthymiou and Martin Halvey. Evaluating the
social acceptability of voice based smartwatch search. In
Asia Information Retrieval Symposium, pp. 267-278.
Springer, 2016.

[3]  Salil. Prabhakar, Sharath. Pankanti, and Anil. K. Jain.
Biometric Recognition: Security and Privacy Concerns.
IEEE Security & Privacy, Vol. 1, No. 2, pp. 33—42, 2003.

[4]  Laxmi Pandey, Khalad Hasan, and Ahmed Sabbir Arif.
Acceptability of Speech and Silent Speech Input Methods
in Private and Public. In Proceedings of the 2021 CHI
Conference on Human Factors in Computing Systems.
ACM, May 2021.

© 2022 Information Processing Society of Japan

[5]

(6]

8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Vol1.2022-HCI-200 No.33
Vol.2022-UBI-76 No.33
2022/11/9

Sherry Ruan, Jacob O. Wobbrock, Kenny Liou, Andrew
Ng, and James A. Landay. Comparing Speech and Key-
board Text Entry for Short Messages in Two Languages
on Touchscreen Phones. In proceedings of ACM Inter-
act. Mob. Wearable Ubiquitous Technol., Vol. 1, No. 4,
Jan. 2018.

Ke Sun, Chun Yu, Weinan Shi, Lan Liu, and Yuanchun
Shi. Lip-Interact: Improving Mobile Device Interaction
with Silent Speech Commands. In Proceedings of the
31st Annual ACM Symposium on User Interface Soft-
ware and Technology, UIST 18, pp. 581-593, New York,
NY, USA, 2018. Association for Computing Machinery.
Laxmi Pandey, Khalad Hasan, and Ahmed Sabbir Arif.
Acceptability of Speech and Silent Speech Input Meth-
ods in Private and Public. In Proceedings of the 2021
CHI Conference on Human Factors in Computing Sys-
tems, CHI 21, New York, NY, USA, 2021. Association
for Computing Machinery.

Charlotte.M. Reed. The implications of the tadoma
method of speechreading for spoken language process-
ing. In Proceeding of Fourth International Conference
on Spoken Language Processing. ICSLP ’96, Vol. 3, pp.
1489-1492 vol.3, 1996.

Jose A. Gonzalez, Lam A. Cheah, Angel M. Gomez,
Phil D. Green, James M. Gilbert, Stephen R. Ell,
Roger K. Moore, and Ed Holdsworth. Direct Speech
Reconstruction From Articulatory Sensor Data by Ma-
chine Learning. IEEE/ACM Transactions on Audio,
Speech, and Language Processing, Vol. 25, No. 12, pp.
2362-2374, 2017.

Yannis M Assael, Brendan Shillingford, Shimon White-
son, and Nando De Freitas. Lipnet: End-to-end sentence-
level lipreading. arXiv preprint arXiv:1611.01599, p. 13,
2016.

JEAHI— PAFIK. Derma: FZJEEFFTHENICE 294 1L >
MR —F AV ERTIYay. HRLEYRA VY ET 7
> a ¥ 2020, pp. 11-20, 3 2020.

Richard Li, Jason Wu, and Thad Starner. TongueBoard:
An Oral Interface for Subtle Input. In Proceedings of
the 10th Augmented Human International Conference
2019, AH2019, New York, NY, USA, 2019. Association
for Computing Machinery.

Tamés Gabor Csapd, Taméas Groész, Gabor Gosztolya,
Lészl6 Té6th, and Alexandra Markd. DNN-Based
Ultrasound-to-Speech Conversion for a Silent Speech In-
terface. In INTERSPEECH, 2017.

Arnav Kapur, Shreyas Kapur, and Pattie Maes. Al-
terEgo: A Personalized Wearable Silent Speech Inter-
face. In 23rd International Conference on Intelligent
User Interfaces, ITUI "18, pp. 43-53, New York, NY, USA,
2018. Association for Computing Machinery.

Michael Wand, Jan Koutnik, and Jiirgen Schmidhuber.
Lipreading with Long Short-Term Memory. In 2016
IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP), pp. 611—6119. IEEE
Press, 2016.

FEBRE, PIRET. N s& — VElile v HE RGN
E AT LOME. ERFERWGEC (BT - Bl - ¥R
7 LFRF9EE) |, Vol. 124, No. 3, pp. 680688, 2004.
Naoki Kimura, Michinari Kono, and Jun Rekimoto. Sot-
toVoce: An Ultrasound Imaging-Based Silent Speech In-
teraction Using Deep Neural Networks. In Proceedings of
the 2019 CHI Conference on Human Factors in Com-
puting Systems, CHI ’19, p. 1-11, New York, NY, USA,
2019. Association for Computing Machinery.



o e b RS ST SO s A Vol.2022-HCI-200 No.33
il E*’:EH.“¥E= V01.2022-UBI-76 No.33
IPSJ SIG Technical Report 2022/11/9

[18] Yoshitaka. Nakajima, Hideki. Kashioka, Kiyohiro.
Shikano, and Nick. Campbell. Non-audible Murmur
Recognition Input Interface Using Stethoscopic Micro-
phone Attached to the Skin. In 2003 IEEFE International
Conference on Acoustics, Speech, and Signal Process-
ing, 2008. Proceedings. (ICASSP ’03)., Vol. 5, pp. 708
711, 2003.

[19] Tatsuya Hirahara, Makoto Otani, Shota Shimizu,
Tomoki Toda, Keigo Nakamura, Yoshitaka Nakajima,
and Kiyohiro Shikano. Silent-Speech Enhancement Using
Body-Conducted Vocal-Tract Resonance Signals. Speech
Commun., Vol. 52, No. 4, pp. 301-313, apr 2010.

[20] Geoffrey S Meltzner, James T Heaton, Yunbin Deng, Gi-
anluca De Luca, Serge H Roy, and Joshua C Kline. De-
velopment of SEMG Sensors and Algorithms for Silent
Speech Recognition. Journal of Neural Engineering,
Vol. 15, No. 4, p. 046031, Jun. 2018.

[21] Michael Wand, Tanja Schultz, and Jurgen Schmidhu-
ber. Domain-Adversarial Training for Session Indepen-
dent EMG-based Speech Recognition. In Interspeech,
pp. 3167-3171, 2018.

[22] Hirotaka Hiraki and Jun Rekimoto. SilentMask: Mask-
Type Silent Speech Interface with Measurement of
Mouth Movement. In Augmented Humans Conference
2021, AHs’21, p. 86-90, New York, NY, USA, 2021. As-
sociation for Computing Machinery.

[23] Makoto Ono, Buntarou Shizuki, and Jiro Tanaka. Touch
& Activate: Adding Interactivity to Existing Objects Us-
ing Active Acoustic Sensing. In Proceedings of the 26th
Annual ACM Symposium on User Interface Software
and Technology, UIST ’13, pp. 31-40, New York, NY,
USA, 2013. Association for Computing Machinery.

[24] Yuki Kubo, Yuto Koguchi, Buntarou Shizuki, Shin Taka-
hashi, and Otmar Hilliges. AudioTouch: Minimally Inva-
sive Sensing of Micro-Gestures via Active Bio-Acoustic
Sensing. In Proceedings of the 21st International Con-
ference on Human-Computer Interaction with Mobile
Devices and Services, MobileHCI ’19, New York, NY,
USA, 2019. Association for Computing Machinery.

[25] David Merrill, Hayes Raffle, and Roberto Aimi. The
Sound of Touch: Physical Manipulation of Digital
Sound. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, CHI 08, pp.
739-742, New York, NY, USA, 2008. Association for
Computing Machinery.

[26] Daniel Ashbrook, Carlos Tejada, Dhwanit Mehta, An-
thony Jiminez, Goudam Muralitharam, Sangeeta Gajen-
dra, and Ross Tallents. Bitey: An Exploration of Tooth
Click Gestures for Hands-Free User Interface Control.
In Proceedings of the 18th International Conference on
Human-Computer Interaction with Mobile Devices and
Services, MobileHCI ’16, pp. 158-169, New York, NY,
USA, 2016. Association for Computing Machinery.

[27] Valentina Suchkova, Farhan N. Siddigi, Edwin L.
Carstensen, Diane Dalecki, Sally Child, and Charles W.
Francis. Enhancement of Fibrinolysis With 40-kHz Ul-
trasound. Circulation, Vol. 98, No. 10, pp. 1030-1035,
1998.

[28] Stefan Schneegass, Youssef Oualil, and Andreas Bulling.
SkullConduct: Biometric User Identification on Eyewear
Computers Using Bone Conduction Through the Skull.
In Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems, CHI "16, pp. 13791384,
New York, NY, USA, 2016. Association for Computing
Machinery.

© 2022 Information Processing Society of Japan 6



