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EchoKey:Proposal for Various Applications Using Hole Shape Identification
with Ear Acoustic Authentication of Hearable Devices

Ryoya Komatsu*!, Yusaku Minamibayashi*!, Ryota Ozaki*!, Takato Ishii*?,
Motohiro Horie*?, Shion Watanabe*? and Yuichi Itoh*?

Abstract — This project provides a system that interacts in various ways by recognizing
the shape of the hole using the ear acoustic recognition function of a hearable device. We
thought it would be possible to realize a system that recognizes the shape of the hole
using the ear acoustic recognition function of a hearable device. Each hole into which the
device is inserted is made in a unique shape, with a difference that is imperceptible to
the human finger. The device’s proximity sensor recognizes that it has been inserted into
a hole, and by applying the ear acoustic recognition function to identify the inserted hole
based on the slight difference in shape, it is possible to interact with the corresponding
application. In this project, three applications are proposed: a multiple-hole quiz, a dial
safe unlocking, and object motion identification.

Keywords

1. 1IL®IC

KERZDDEMAD LFD 72D DM UL
L8, BETIIRA B OAEIRITRIEZ NS D L
HoTED, X2V 74 RFEEL Vo -HEER
LoD, WEZEZARPLENL LT TVE. ZOREE
BREHH 2 DO, HFKITHIEFTE2DIES 2V
btz U BT v A= N TV 3
HONLELERLTED, ZhEEy F U7 Y
VIREDRERFIETHEIESNTLED 2D 5.
IHEZITRIAT, BFiELMENIERDbD
PWMEONDE Z DD 5. BTHOFIERIE, RAV—
Rz &% AN U THESES 2 FIRRRAE, fRRCeHiky
DHRFHAEFIH 3 2B KG8G 2 ¥ 3H D, ZDF
FRZIBICHhz>TW\W5,

FITRB1, HEMSHET - EELTW230
ESECHHTERODLE WS TA T 7D, T T
TITFANA 2% HH U2 8E, FIRERRE, AR
SEOM Z o= RO T AP HEETE DTk
RopeFEZ, REETHERST 27 7 70734

L BIFBERER G BT AR

*2 BB BT

*1: Graduate School of Science and Engineering, Aoyama
Gakuin University

*2 School of Science and Engineering, Aoyama Gakuin
University

Key, Security, Audio feedback, Acoustic

Z (FOSTER, RN002 TW) XT3 HE
BERSIRERE R I3 2 2 & T, #ROFIREBRAIT X
2eFEZD. REETRET 2 FEOBENFEHT 5
YT, BHFOFETIEHEIUSHIE U2 B 2 8250 <
DN TH o720, HEERIFEREL 5o 7274
A 1DT, HARGIKOREHFIZ Z B TESE XS
WKh2BeEZLNS.
SRIOEEBTE, HUED XS REROIREZHRS
BEhiRIR L, ERlO—BER/ IR ERMRL, 20
WKHIDT 2Ly 7V r—a v ®FEL, TER
BolEhes 7 7V r— a v OREERMT 3

2. BEERE

2.1 SETOROMIROEE

HHKD S N A DEETIE, FMEFEPT Y VX —FED
X5k & RIBIROEMIEDR T &7 W, SEETIE,
IS YRS T TR, SRV —REFTHBIA
R4 7R, ToT ki LIRS HRRAE R A S Y
7E2EERR AT — N R 70y 7S AT 4 - B
7% - BRI T VW3 B

¥/, BFOBEIRPLFRZZNZNCENDH 5
DD, HIKTIZEF 2 ) 7 1 OIEE S ITREDHER S
7%, Uiy SO XAV LRFEEHAGDERD, B
BORIFIRIC L 2 Z RPN ETH 5. BabldE
12, ID & XAV — FZfAEOETHEHT 2 TR



[ ESERIC L BTRAHRERE ]

NES

O

—
v > rmw))

% [ ATI19 hmg‘%

([ sRatox

m

Vg

( s1rrtamons

1 A4 X—TK

FRRLE] , EYIOIIHES S — Fx—REEHWS (A
BYREEE) , BROREFH T 2 TEKEREE) 1259
ez 6l

DLED & 5 RBEIROEERRIEDMHAGDED S
ERRESAPHTRET 2BOFETHIUL, 9
T U B R LBFEAINC X BHEESE, e 777
WTFNA ZEFHLTWS Z 2 THrEWREE, v 7o
TINTNA A B EEERRIRE CARGRIE R 22 h
Wi/ e A TE, X DiEERHEEFEHT X 2R
DH5.

AEETIE, ©7 T TNTANAL AR OEH S ER
FRAEZ R U TR OIBIRZ TG T 5 > X7 22 F B
TE3DTIERVDNEEZ, TR DTUTE
RL, a7 SV r—sa kRT3,

2.2 /&‘t—ct%ﬁ/:lk 1—L|EWLII

ﬁﬁmmﬁﬁﬁmww%%ﬁw%ﬁﬁﬁﬁﬁéﬁﬁ
THFHEL LT, BEREZAHT 25 EDRD 5.
Bz X 2R DTGAR K O EZ 78T 5 72912, %%
o RS EEROEESMH S, THIRE &
RN R E R ERE M T 2 HES D 2 P AR,
BERL —X =12k, ZZMNCH 2kt K OG%
HHARETH 2 Bl Lo T, BERPHFER, ¥
KN 2B OFIRE BT 2 Z 2 i L TEITH 5.
AREETHEAT 2 7N ZEEEC & 2 4E KRG
BREZHBH L TB D, HEICX W EEEOHNDOFIR
ZAILTW3., 22T, HEEIFSREEZFIH T2
T, BROWIRE I TRL, thoPikozer, 4l
ZAXHNRDIIRGRB D TRETH B v & X /=

3. =R

+iE

AREETIX, ERLEZROEREZ T 7 70T A
ADEBEEFLHHRE T W THARS Z T, &IUZ
WIGL=7 7V r— a v eijity 3.

TNA ZRFHAT LI ANDIETHETERVIZY
DERFT, TP —EBEOETIERTSE. T4 R
DEEL YK D IUCHA SN Z e Z38# L, B
BEEGIREZ IOH U OBIROBMz EZ0 A S
7=REHRATAZE T, WET27 TV r—>aryod
A VRS aryPTEDL LIRS, AEETIE,
BREORPHEET 2ERA 74 X, X4 v L ABE
DffGE, A7 =2 FOEHERAIT 3207 7)) Fr—
arERETA.

BROR > HEET 2ERA 7 4 2T, EFIL
U7 TBIRD R 2 e EEEHE S 2 2 2T, B
R SEERFRTE 2. FRL72/UTB T THEIMN
WCFEMEA K X 5123 %728, Android %R & #6 % 81E
X, BE-XOMEENT A TREET 5.

B4V ILREEOMRIETIE, EAVYILDELIITTA
A R%ET Z e THIEEZ A5 5. X4 Y LADEHE
WCTNA REFAL, T4 A% EILZBOBIEE 9
i >R T2 2 TRIEL, T4 2D ML
JEWZIBC BB R N7 N4 2D 5% ATT 5.
ZAVNVREBEIHAINTOE DY I 0% TNAL 2
D Y ZHWTHAIL, HAZATWEHED
BT NA AN K BIRSEENEDTA 5 LK H1TT 5.

* 7Y 27 b OEWERBITIE, 9 W >V DI,
Dy 4 OEREE R HWT, A7V 27 MCER N



TFNA ZADENE R FHANB IR TES, A7y
F EHERHEICIR - 72 8 FOEHWERFIARD, A7
7 NRUOHEIG U7 4 — RNy 7285 3

4. FBRTS>

4.1 {KER>FUF

AEETIE, €77 TNTAAL Z2HWT, K11
RT3 ODREREIRAET 5. HRBRTIE, Android ¥
KRPE T I TNTFAL 22 ERT 5. BERBOTIE
WL RO@EDTH 5.

BEIRA 7 4 XTI, BKBEEEIT AL RO Z2F
WHH, AZHICEET 5. Z201%, WL T2
Android SHARDEHE MR FEE L TWBE TNNAL 5D
HERICE DS NMEICHN LT, ELVWEESIEZ
DIRIZFIZFF o 7o T ANA A AT 5. ZOK, 72
A 2D H HFETHEEEIC X o TR OGS 2 3835
5. ZLT, ZUAAREINSHILNT 256 L, 3
RUZEIEPEMRETITIERTDH 5 2 & 2 RBREIC
T4 —=FRNv 255,

XA Y NVRBEDGE T, KBEIIT AL 2D
FEFIHED, E2EICEE TS, Z201%, ©EIC
WO shizsue, Fickio/e 74 A%ifAT 5.
DR, T4 ZOEEERLRRAEIC X o T/RNERD
HhEZRET 5. TLT, TAARAZEZLIAALEZ
XAXNZEEXEE 2 CET 5. MRHERICIE,
TNAZD 9l I X D FEEAEEZEYE L, [L
Lk%ﬁmmbf,%mié74—Fﬂv7%?ﬂ4

A LB LUTITS. [ELWEERAHEIZR -
t% EZITRVWEETRRZEEZMT. KEREIX
ZOEEREDICT AT, SHEOMBIEE HIET.

F 727 b OEHERAITI, KBREIZT AL ZAD
FAHZBEICEAL, thrzeitedlo k5%, AESh
7oA 7T FORIEET L. ZOR, TN RAD
HEESESREIC X > T/RNER OGS 238 L, YO
F T2 PZEBELTWArEHRATS. 2L T,
F 7Y 27 MEROWIEROEEEL, TN 2D 9
Y EHCTHAL, 8RS 4— KXy o
FIRBREICE 2 5.

4.2 7A773Y

7u7 7o K 21T, AEETIE 3 EOKRER
SFVAEEELTVS. 2mx3 m DAR—ARIEE
L, 2807 =710 LICEREERBTHERT 2%
BlES 2. FADT—7 020, BIRAZ 4 X THW
3 =FHOMH KON EEET 5. b5 —HDT—7
Mz, 4 Y LB BERN 2175 o047
Y7 beRET 5. ABREIVITNIDT—T LD
IS, EREOEERZITS. EROKRERE HFIRIC
HERL, BEIRRENYK— 21T DICHEL77%

AT STH NOBERS LIRS BORE
(—)
e E;j ©
© BIR®IAZ
) GQ> @
L
] :5
=i
3m

K2 zarrosv

22y LT, FEOREIDAR—ZAFHEL TS

BEX
Working Group Zero: # - SEF D fAEE; F% LY
26, Vol.73, No.1, pp.72-77 (2007).
KA, B L EE BT & VIR Y (i
X71A,d¢mt%Mﬁ Vol.49, No.1, pp.60-65 (2010).
Prima, W., Y, C, Giap.: Object Detection Radar
Prototype with Ultrasonic Sensor Using lot-Based
Arduino; bit-Tech, Vol.3, No.2, pp.81-88 (2021).
3Sixty Integrated: The History of Door Se-
curity — 10 Historical Events That Shaped
the State of Today’s Door Security;
https://www.3sixtyintegrated.com/blog/
2023/02/07/history-of-door-security/ (2023,
Z8H:2024/5/16).
Motwani, Y., Seth, S., Dixit, D., Bagubali, A., Ra-
jesh, R.: Multifactor Door Locking Systems: A Re-
view; Materials Today: Proceedings,Vol.46, Part
17, pp.7973-7979 (2021).
Fujii, M., Kato, K., Xia, C., Sugiura, Y.: Personal
Identification using Gait Data on Slipper-device
with Accelerometer; In Proceedings of the Asian
CHI Symposium 2021 (Asian CHI ’21), pp.74-79
(2021).



