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Abstract of Master’s Thesis of Academic Year 2020

A Trial of Hearing Aid Function Expansion

Using Machine Learning

Category: Design

Summary

Hearing aid devices such as conventional hearing aids have many problems, and
the satisfaction level of hearing aid users is 39 %. We created a prototype to solve
these problems and verified them.

In this study, we mainly tried to solve the malfunction of hearing aids in a
noisy environment. LipNet, an Al lip reading system, reported an accuracy of
93.4 %, which greatly exceeds the accuracy of a professional lip reader, 52.3 %.
Therefore, we applied the text conversion of the video using LipNet to the hearing
aid, and tried to read the text data generated from the mouth video using the
text-to-speech software. As a result, the hearing aid malfunctioned in a noisy
environment. We are trying to solve the problem. Based on the feedback that
it is difficult to grasp the conversation just by reading the text data, we also
improved the display as subtitles by smart glass. We also aimed to improve the
passive noise canceling performance by using titanium as the molding material.
We succeeded in implementing a semi-permanent antibacterial coating as a side
effect and reduced the risk of otitis externa due to long-term use of hearable
devices. The solution to the malfunction of the hearing aid in the above two noisy
environments caused the problem that the housing of the hearing aid became
large. Therefore, we tried to change the image from what hides the hearing aid

to what is shown. Wajima lacquer, a traditional craft, was applied to acrylic
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Abstract

using technology certified as a source utilization business to improve the design
of hearing aids while preventing allergies. And to utilize hearing aids already
in circulation for a sustainable society. Therefore, we solved the problem of the
battery holder type hearing aid, which has the highest market share, and applied
for a patent.

And these are the steps to realize the next-generation hearable device con-
cept that replaces the conventional hearing aids and smartphones adopted by the
Ministry of Internal Affairs and Communications’ Different Vation Destructive

Challenge Division.

Keywords:

machine learning, hearing aid, antibacterial, material, traditional crafts, patent
Keio University Graduate School of Media Design

Junichiro Yoshihara
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1. i 1.3. EkOMIEROMER O 7)) v J

UL UIRERD FETIEA T+ TH 5.
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DXV =BT NE. TN THEGPEHEHFHWIZHAEI ED SN TN,

X 1.3 BEBERTOIIa=r—>3 vy — Lol

Z O FEIFHESREHE 72 TR < HFMIC L KEOENPBETHH-OH
W Ia=r—va IR TH 5.

WEEDHENFE Y AT L TH 5 LipNet 1%, 934%DMEKEE2EHLTE D, [
UXE % 70 OEEME D HAN - 725 EOMEREETH 5 52.3% % K& < EFHl-
TWw3 [3).

% ZC LipNet Z3EH U 728 U \WEERAE 731 A 24859 % (¥ 3.1) . LipNet
THBET —R%E2TFANT—RIZEMT S, ZDTF A MFT—X % Text To Speech
VI NI LT CHERT—RIIEHT L. TOEET — R 2 HIHgs 1245 Ul
HHEDHEIZfEIT .
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TINL - RUVDRTHBTVIH U Z—=R) (M15) BEREL-LIND (5
B, WHEELEDII 2= r—Ya vy FERO—DTHS. L LHEREIDH
RFIEBEHTIERL.

1.5 Alexander Bell

1.4. WHFERE

AWZED HINZE ICEEBRE T COMBESROMER2DOMIRTH L. ZD7D
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2.1. LipNet

ALGBE Y AT L TH 5 LipNet (X 934%DKEEZFEB L TH D, 7o DFEM
HORETH S 523%%2 KEL EH>TW5. ZNETOHBFBOMETIE, &
FEXHFEORIZIT > TW2DY Y. Assael 5%, 70 DiElE i%h)’(a@ﬁ
PEWHEEL D BEBEEDN ERS Z 125 H UnigERE2 I D AN TR E
M E%X 57z [3]. LipNet Tld b L —=V 7T =R L TXELRNLVDT =X
FTHB GRID 2 — " AZFHLTWA. GRID 2 —/YAI%, [command + color
+ preposition + letter + digit + adverb] &\ A THE S 1172 1000 XD 34 A5
DFHFHEME THE I N T VWS

B OFNIL 3B, 7V —2L4 L — b 25fps TH 5. BifjiZ DLib DM HEE &
63fHD T Y N~ —2 %K DiBugBio v R~— 27 FHll 724> 71 >~ Kalman 7 «
WREMAEDLETUHELTWE., ZN6DTF Y NY—2%2FHLT 7 1« VAE#
AL, ¥ AH100x50 €27 vV OEEiGREHT 5.

2.1.1 LipNet Q&

LipNet [3Ai#&BIRZ EOFEHZHHRICLTWE 72D, KRIT —X %2k 7=
DDIEEEDH > TWAB. [X2.11Z LipNet D&% =7

Bl 7T — X7 V=B L7z D% ASIT 5. AJ1T — X% Spatiotemporal
Convolutional Neural Networks (STCNN) {2 & o T = 51, STONN (2 & - THll
X N2 EE 2 DD Gated Recurrent Unit (GRU) T X #1 5. LipNet Tl
A AN % 4T 5 Bi-GRU AMEHLNTH D Bi-GRU I& STCNN ] % 212
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2. BEHAHSE 2.1. LipNet

HHT 5. GRU HITIE KR A T v T THRIEZ#AEH T 5. Connectionist
Temporal Classification (CTC) 7'F > 7 TR X 17z 5E2IZ x5 % Softmax, CTC
loss &3 XN TDJE CEIRAZIAL (ReLU) {EMHALBREZHH L TV 5

- e /7,
‘i .
k=4

t frames STCNN + Spatial Pooling  Bi-GRU Linear Softmax CTC loss

X 2.1 Lipnet O E{E

2.1.2 Spatiotemporal Convolutional Neural Networks (STCNN)

Convolutional Neural Network (CNN) (Zif_ETZEEIZEIES 5 BAAA%Z
B8, D7 ONN I, ANEUTHGEEZITNS, A7V 7 FRHO XS
RAVEa—REYVaVRAZIZEWTHREZRA EIELDIZEMTHS. CNN
FBEAAAEE 7=V VY ITREPOEBRINTED, 3201 YiIZiZEhThzE
il max-pooling JEH5i <. max-pooling 1%, /NHEIFIZH U CTHRAMEZ ERT 5
EWVWIHEDTHDL. CFrYarns C F v xI)VE TORRKIR ZIRICEPIAHA
LA ¥iEk (2.1.3.1) TRINS.

ﬁ@13nwgmf AN x EEAweE X x x 2 LT, HFHAID i,

IZXLT =0 Z2E&KT S. STCNN Kot & & B I REIINIZE B AIA
t‘: CTCETAT—REZNHT BN TES. LMW ->T, CNN &FHERZ, &
(2.1.3.2) TRIND.

2.1.3 Gated Recurrent Unit (GRU)

GRU 1%, Recurrent Neural Network (RNN) O—fTHH, LOE< DX A A
ATy T TR EEIRS 5. BROTIEGIAEFET 57200 LT —



2. BEHAHSE 2.1. LipNet

72 RNN IZEEMEX N TH Y, Long Short Term Memory (LSTM) [17] IZFEELL
REEIC o T, B¥OARNIE, X (2.1.4.1) ThS.

z=1,..., BAHY—=r v ATHY, LipNet Ti& STCNN OHBi& %5,
FERILOFEFEZRL, sigm(r) =1/(1 + exp(—7v)) THS. LipNet DFEIEIZ
1, WAHMIZ GRU OFEL%1T 5 Bi-GRU BHWSNT WA, Bi-GRU %3
LT, HEELARLTIERL, FEBEROKTELZZMT 21y N7 — 27 Ok %
FEHLTWS.

c kw kn
[conv(x, w)]r:!ij = Z Z Z WercirjiXe,i+inj+ji
c=1i=1j=1

2.2 X (2.1.3.1)

c ki kw kp

[stconv(x, W)]c:tij = Z Z Z Z WerctrirjrXet+tr,c,i+irj+jr
c=1tr=1ir=1jr=1

2.3 R (2.1.3.2)

[u,,7,]" = sigm(W,z, + Wph,_1 + b,)
h; = tanh(U,z, + Uy (r; © he_1) + by)
ht= (l_ut)Oht_l‘l' utG)Et

2.4 R (2.1.4.1)



2. BEASE 2.2. SottoVoce

2.1.4 Connectionist Temporal Classification (CTC)

CTCloss i3 A% R =y NHEHIZEDLE D200 T — 2 BABELRT-D,
FHEMEIZBWTILFHINT WS, CTC T, fiI NzgEEIZb/z>T—
HOMBN M E R ITEETNVEZEZD. CTCIZZDY =7 Vv ALEMTHS L
EHBINDY—T VATRTIIHE->THEF LTI LIk, =TV 2ADMR
EHHET S, V=T VADEREFET LI LIZLY, TIA AV NOBEME
PR L, AIARERGNICHUT 22 e N TE 3.

2.1.5 HXRZETFT—49tv K

BROIIHAEDOT -2y b2 2DFRLZ 4. T2ty b A Z@EMAL%
fE1%, Word Error Rate (WER) 2% 81.18%, Character Error Rate (CER) %
68.73% TCH-o7-. T—X+Ev b B Z#MHLZHERIE, WER 2'65.07%, CER A
60.67T%TH > 7=.

2.2. SottoVoce

AN S I Z MR Z VT, FIHEOEAEGHEZRET 2V AT L2HE
LTW3 [5]. SO FANZELD (T S lE A A —Y v 7T u—712 &> Tl
WINDMENOIERD S, FIHEIFEZIRE S ETICHKE L2 HANEEZR
WY 5. HEKEGDORI? S EEREE LRSS 2BBO=—a—-F)xy ME
TIVERET S, BEETNICLD, KL —T 1 AEE5DEAZOFHIGED A
Y—bhAC—H—%HHICTELI 2R L. Tk, Affarta—
ADPBBIHEE L LD VRS a VR AEIZRY, iLwo 75T
IV a—RWRAREIC 2 5. £7-, WNEHDRE, SEHEERE, Sck?
FEREEZ I LT, FickdaIazyr—Ya eI RT 7200z
DIRMBEEDTH 5.



2. BEERTSE 2.3. VI FE—XIEHER

2 3 7}1/9:% QJLEF:'DIL,\p

MRS IVFE—XNVEFRR@HERELTWDS 6. YVFE-XILEHRR
e E, GBI & BRI O )T 2 W T HEFENE 2 T 526 DT
H5. MESIE, OfZ2z3Ia=r—YaVyFERETIEEHIEEZHRE LT
W3, ZOFETIE, BHET V% Point Distribution Model (PDM) THRBLL,
Constrained Local Model (CLM) IZ & » CTEM#IgZ il 9 5. CLM i, PDM &,
IRENRZ =2 %RTTET 7V AP SESNTRERBEERICE > TRERE N T
W5, BEEEE L 2DL, Ay HMeERfTokEHREEBITR MV Y 2
#5i&E D Convolutional Neural Network (CNN) (Z AU TAH MLy 7 KiEE %2
Mg 5., M INZREEZRENAILVITET IV (HMM) DAL, YLVF
E—ANEHRMEERT S 2 MERETIEVWTIIILFE-XVEFHR#ME
To7ziR, HADATORBITHA, FBHREN 181K > h EFRLTVS.
ZOfERE D, HHE MBI HEE B 2 M AGDES I T, HIAHNED
RIAEENWEIND Z DN D

2.4. Aa—4—

i 5 1%, LipNet Hh& %2 W 72 BHEGFFEEN S AT ML, FOANE 2
LEFEMY AT LR RE Uz, REFIEEZHWSZ LT, FODEMETITS Z
YOTEBYAT LOREDORNZHE LTS [7]. LrLAaLS, TOHHER
F/EERRBDETIERAR.

2.5. WEB7 745 —>3Y

Ra—bMULEEOEHEZ T Yy 70— R3 5L 25 HBFEOHRNSME S > TV
20U TEHT TN r—ya VBEEMEENPOREINT WS 8]
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B 3E
Concept design

3.1. 7O~ 47

% Z T LipNet Z27HH U728 UWEERE MBI 7 31 A2 %9 5 (X 3.1) . LipNet
THBET—R%2TFANT —RIIEMT S, ZOTF A M7 —X % Text To Speech
VINU T CHERBET—RIZEMT S, TOGEH T — X & Milligs 23415 U ahiiiss
HHEOHIZEIT 5.

o,

T
[33 lip picture L[pNet text TTS sound !9)

X 3.1 70—

Text To Speech ¥ 7 ;b 7 = 71Z1& Amazon Polly!®>Y a7 v F (Za—F))
Z Wz,

R 12 13T A ) A CERESRZEE 2 G U TV 5 Olive SmartEar %2 i\ 7z
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1 https://aws.amazon.com/jp/polly/
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2 https://obsproject.com/ja
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Mo T — X 25 L IZER LT FA N T =R 2HA LTS LG HHET —
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5.2. SHBROBEELEEE
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ETy YOMWREILA ELTEH D Snap Dragon888 ~ Heagon 780 7' 1 &2 v H D3 & #;
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5. K& 5.2. 5 0OHEE BE

LR—=VIDHHIZL T D@D TH 5.

[FEE vation 71 2°F A, ICT24 912 3\ THEER) 22 M BRI o (it A1) 1 %
AT 72O, KWIRB NN H 2 HERATT v B v ARHEMGEREAN D
kA LU £ 9. BEOFMIC L S b WHAINZG T2bos2H%2E x, Fi7
TN GEIF TNAZAD ] O TRIZERWERDE 2506, 1 F24ED ] Kl
ERN VR E BT AL eI, TO U HADRHEL, BEE L BEEH
HIIEDLIBHI LT, IORIZMAINGREENPEENS LD RERBEZRMEL £ 7.
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1 https://www.inno.go.jp/

2 Information and Communication Technology : I'& (5 Hi 7 | |
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6.1.1 &
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FYURIIZRT 2T AT IARF Yy eV ERY YT IA XXy A hD 5.
AETIZBRZBEL LW Ny v T )4 XF vy e VDnE ExHIET.
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6. Z D DBERESLIR 6.1. E—JV Kt

6.1.2 BEEFE

BIET F— LFENESEMRIE U TIRESNTED [10], FHIZTi 7 4 — A1
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HEREBEE U, 82 BT 28I I3 Emr D 5.

6.1.3 AR, 78

3D A F ¥ F— (Geomagic Capture)
* Solid Works
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=Y =Ty X —

- MPRHHHEHERI 3D 7Y v & —

- NG 3D TV v X —

- BEMARBERSBEEE 3D 7Y X —
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F—R %157,
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L7=.
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8. LOKEDEWIGEK 3D 7)) v 2 —CTH I URi&rER L7z (X6.8) .
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6. Z D DBERESLIR 6.1. E—JV Kt
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¥ 72 BNRIZ LB M HE % 197
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