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Outline of the lecture
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AEHRIF % Measuring Human
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TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System
1. Auditory Devices

2. 3D Audio
3. Synthesis of Auditory and other sensations

4. Auditory sensation and welfare engineering
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5\ E External Ear
Auriclaﬁ o E:ﬁ/AUHCIe

— & ¥ _/Collection of sound
— ARE{HL Directional sensation

...\ % EiE.“External Auditory Meatus
Ml — HIEE A resonating pipe.
— 2.5-3.5cm = 1/4\
— Lowest resonant freq. = 3-4kHz
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1 H _“Middle Ear

« IR Tympanum
— [E# .~ Thickness 0.1mm
— B Diameter 8-9mm
— TR Eea/MRIE
/" Min. Amplitude 0.12 um

« H/\&.Ear ossicles (tiny bones)
— ’.3'15~ %&'af:\ &/Siﬂ%

Malleus, Incus, Stapes

Oval windo — 1&g~ Amplification

— BRI RS TR A R AT (RS
K 5t) ={nZEZ B EZ=.Connected
muscle modulate transfer efficiency
(attenuation reflex)

—_ -

Tympanum

SR f [ « H% ~Eustachian tube

/ — SJEEF%E.~Connected to throat and

= keeps air pressure



b H & & .~ Examination of Middle Ear
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« BEANERORFEBENGAVE—F A%

Impedance measurement by reflected sound

— T4 I\ AN)— Tympanometry
s HNREZZEHSEBFEORIREDTRBDOLOTS(AVE—SF U R)ERE

Measure tympanum’s impedance while changing external air pressure

— H/INEHf RSTRE ~stapedial reflex
« RRICKZELGBFZANLIEZDFHERFEFZEDIRFDLOLTS(AVE—HF VX)) THRE
Measure tympanum’s impedance while inputting very large sound



R E _Internal Ear
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Sensory Complex:
Angular Acceleration, Acceleration, and Sound.



IZED LLH . ~Mechanical Transmission

Air Vibration
Tympanum Vibration

3 Bone Conductions
Oval Window Vibration
(Lymph) Fluid Vibration

6. (Basilar)Membrane
Vibration

i N =~
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hEIZBITHEE.
Lever Mechanism at Middle Ear

[ERE : ZEIREN TRAZTERE 2
Problem: How to drive Fluid by Air?

Fluid has 4000x more impedance
than Air(Most energy is reflected)

1.  Tympanum size is 17x larger
than Oval Window.

' 2. 3 Bones has 1.3x mechanical
' lever

In total, Force is magnified 22x,
while amplitude is reduced.



#E4%& ~Cochlear Canal = Snail Shape Tube

Slapes vibrales apains
mernbrars bebind oyl

wircloow

/

Length: about 32mm

: . Cochlos stiraighbaraed aul
o show Dasdar mambrmane

A particular regicn of the baslar
rmembrane faxes back and farh
in response 10 sound of a panicular

frapuency
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HEIEEDOIRE),~ Vibration of Basilar Membrane

B 33 mm
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Frequency AnaIyS|s by the Membrane

Sound
e —
R
1 100 Hz
ow
frequency <
1000 H
Medium g =T
frequency iE 3o, S g
10,000 Hz
| High 't
< frequency i E - e
t)')*"\“" \ \ Complex 55
| sound %3 = ek >

* Lower Frequency = Go Deeper
* Frequency is Converted to Spatial Pattern
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A EHRRADERE)

Hair Cell is Driven by the Membrane




A EME MBI T v R ILE R

Mechanical Channel on the Hair Cell

A

B )~ Tight junction
- A i — Balt
plate o desmosome

nerve ending narve ending



NE EfilassF £k

Inner and Outer Hair Cell Qo f

Inner Hair Cell: Single Line YT
-Sensory Nerve is Connected  <,.cne

*Quter Hair Cell: 3 Lines
Actuating Nerve is Connected ~
*The role is still mystery. e

1 sUupeno
olivary complex

*One Hypothesis:
Outer Hair Cell works as Actuator to Adjust Hair Cell &

Membrane Relative Position.
v'It vibrates with high frequency, and one cause of “noise in the ear”
(buzzing)
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=40Ra .~ Outer Hair Cell

(magnified)



Z & BT, Otoacoustic Emission .L._.OAE __

AR ELEE TS, ABEI T ARGEL TS, HEEE,

B F#J1Z.~Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound.
NEBEMRRDFEN-LDHESNS, It is due to outer hair cells
JEERDBEED=HIZHAWLGNS, It is used as an examination
tool for auditory system.



T D B DOEE) (v —F) 12 CTEIRIC
IREIAFE ?

Middle ear muscles modulate motion of ossicles; resulting
vibrations are transmitted back to eardrum as well as forward
to cochlea

A Experimental design in space B  Experimental design in time
Analyzed range

Human timing ~_ 200ms ~50mS 250ms
Monkey timing 110.160ms | { 310430ms |
il ‘

Microphone & — s Ruaton__ [
Of nf [ A A
Mictophone out T
earbud (speaker) Ry Taget i, L P
LED— ¢ § 1 jaa 1 4
assembly N o
C Human eye movements in space By pfiatel glaial |
§ Position VEiE| SIEIE !
B orE4sd qre4sd |
3 Clicks —#+——— Ll ——
a — 1200- 110
% s -—""t"\as,r'ﬁ:; (40 ps 65dB) 270ms| _ 160ms
=] Uza'lsms__'_'_é_é_in_fs_z'n Humans: 50% of trials
g -20 -15 -10 - .
Basilar membrane * " Btk pobin ey e
D Saccades aligned on onset E Saccades aligned on offset
g ¢ H
R 20 E__1g
Eg10 F 10 _/..—-—.—- S —12
Rs s
= 9 — 1 0
810 E 10 \_ 13
20 20 ———— &__.18

20 © 20 40 60 80 100 60 40 20 0 20 40 60
F Ear canal recordings G Ear canal recordings
2 n=19ears (16 subjects) 95
=0 ﬁ 20 H
c
B1s 15
-
@10 10 ! WOF
2 5 H
[ i
geo o i
S
s 5 i
- 20 © 20 40 6 80 100 60 40 20 0 20 40 60
~ Time re: saccade onset (ms) Time re: saccade offset (ms)
Basilar membrane o

Outer hair cells: expansion and contraction
create vibrations of basilar membrane,
transmitted to eardrum via ossicles

The eardrums move when the eyes move: A multisensory effect on the mechanics of hearing
http://www.pnas.org/content/115/6/E1309

aaoaoon <
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J& i #5815~ Frequency Range

e 20Hz~20kHz (Higher than 20kHz = ultrasound)
Become worse with aging
— especially upper limit becomes lower.

« “Mosquito Noise” : Children can hear, while Adults cannot.
« Used for Cellphone ring




BIXERES RSN THR NS

Sound is analyzed by Frequencies.

i
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Second Formant Frequency [Hz]
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F1T7HILTUNEE#M F1 [Hz]
First Formant Frequency [Hz]

* Vowel is analyzed by “two major peaks”.

— First Formant: 500~1000Hz
— Second Formant: 1500~ 3000Hz



ARG LT 54
Spectrum Analyzer

|I| Windows Media Player | o |
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Lo~R5E7././Speaking Piano

http://www.youtube.com/watch?v=muCPjK4nGY4&feature=player embedded




Yanny-Laurelf&] &

20184, RILEFEZHSHAlLXYanny, D AlILaureltEEMWMNSELNDZETEEREIC.
https://www.thequardian.com/global/video/2018/may/16/what-do-you-hear-in-
this-audio-clip-yvanny-or-laurel-takes-internet-by-storm-video




=& EDENE . Perception of Harmonic Structure
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We Perceive these sound as the same pitch, altough tone is

different.
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WG TR A IV R/ Missing Fundamental

EEBNECTH, (BB DEIRTREREBEZXIMTETES

Without basis frequency, we perceive it by harmonic structure.
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http://www.brl.ntt.co.jp/lllusionForum/a/missingFundamental/ja/in
dex.html
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SO ITFOTAURILDIGE
Appllcatlon of Mlssmg Fundamental

10 T T T
i III. Yy ..W.q | -. .i “ . i
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]
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BB (Hz]

INR ZE—AIXEE K ZH LIZ<LY, Small speaker can’t output low freq.
200HzLL E T, 100HzDEE XN ESHE. 100HZOEBENE RS,
BHTLE (BICHBRAE—HDEENELGYNSE) TIRA,

Outputting 200,300,... frequency sound, we perceive 100Hz basis freq.
Thin TV (which has small speaker) applies this method.

http://www.kumikomi.net/archives/2009/09/dsp 1.php




BEEBEDIFE

Application of harmonic structure

= —20 _ _ IRIBZEE+ LNV EE
— =20 = gk
o {v g -0 T(EmmeR)
Z‘ dU I a iflan _;-: 2 :
"? I rjw Wik el N1 Y - g —60 I
2 =Bl ' | NV o A
e | W': | T
i —g0 | 100
- oy <
—100 | Bdkbps | 96kbps 1128kbps —120)
Ok 2k 4k Bk 8k 10k 12k 14k 168k 18k 20k 22k
BEE [Hz) R
o ) Ok 2k 4k Bk 8k 1llk 12k 14k 16k 18k 20k 22k

RE (Hz]

MP3F DX TIXESRRMBEAVF->BRAICECZAGWNGEEH D,
BAR. [EHBICIIBEBEENHDICETFIA. BIRMELE,

As compression such as MP3 cuts off high freq., harmonic
structure of musical instrument is utilized for compensation.

http://www.kumikomi.net/archives/2009/08/dsp.php?page=1




Relative ampl itude
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http://lwww-

MBS (> z/\—Fk—>)/ Shepard Tone

e

antenna.ee.titech.ac.jp/~hira/ho

bby/edu/sonic wave/sh tonelin

dex-j.html

[

3

Relative frequency

AP EEBEEZHNRE LTSI EZFIA. =
RICEFTH5FZEHENTES

Utilizing human perception of spectrum structure,
infinitely rising (fallmg) sound can be generated.

YMO LOOM(1981)

X310 pe



38 E {31~ Sound Position Localization

- @ H ®OZ=_Difference of two ears
— 20~2kHz BFRIZE. f18Z .~ Temporal (Phase) Difference
— 2kHz~ F&E 2% ~Amplitude Difference

« L TFARMDEL: BNIZLPERZEIL
Earlobe filters the sound, so that sound tone changes
with vertical position.

Sound from Front: f1—0.9, f2—-0.6, f3—0.5, ...
Sound from Back: f1—-0.7, f2—0.9, f3—0.6, ...
Sound from Top: f1-0.5, f2—-0.5, f3—0.3,...

— MEDELLIEAFATEE, RIBFEROBDEALBHELL
Pure tone localization is impossible. Inexperienced sound is
also difficult




BEEMEMEI—TAOU(BRAR)
Sound localization and nerve coding (low frequency)

EERED &K

AVAVAVAVAVAVAVAVAVAVAVAYA

I

]

TN TR
ICfEBEE=
il [

i{a}
| I T DRAEIC
WL ezl
_A | A A ht, (HAEEIES
_ i | | NicRIG .
(b) | 5 | i
MHEBESNTERE > BREMICHIZFEIDIAANIVINEZSD

Nerve activity is phase-locked so that “timing” can be used for

localization.



BREMEMFEI—T 12U (ERIK)
Sound localization and nerve coding (High Frequency)

BEREDEIR

4{ A' A{ MHHBE= T
(NE UG

Sl e —EHIOBREIAEBMED TS EYE
- I\ 3 WN=DTUH LISER RS T AME
S R A ZHEVDTHSEFHEEY 124D
: g W As one cycle is shorter than nerve’s
2| st ye resting period, nerve activity is
.70 =N o random and o_nly_lntensny can be
s used for localization.

Time [ms)
“Schematic” Action Potential



BEEMEEEZ(HRTF)
Head-Related Transfer Function

Traverser

Anechoic room

Head_lrgst

i)
\I
\ ‘w
T 5 ) ‘
¥, !
\ Movable
‘| loudspeaker
\
l ']
‘*—7——7,_,,_7_7777/;.‘
~ Glasswool floor L ch Rch /

« Head Filtering Characteristics are measured.

— Parameters:
— Sound Source Direction (8, w)

— Frequency f



« Head Dummy, which has the
same HRTF as human.

* Expensive ones

— Not only shape, but surface
textures and softness is the same
as human.

* Microphone is inside the ears.
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L—E T AMIVBRE—H &MY
Moving coil type speaker & microphone

« BHEEE DO F|A Utilizing electromagnetic induction.
« ZLRAE—AIZAWWGMNS Frequently used for speaker.

« BREIMEZEE, aMI/ILERE
Ordinary, magnet is fixed, coil is vibrated.

» JMILIFIEEICEES, SRIKRERBI A AT AL
As the coil is very light, it can be driven very fast .

O— ik




/7"“/%74’7 r X :"—j:l

« OVT BT A%/ Microphone

— 2D EBIREHMOEILICLIBERELILERL/
Detecting distance between two plates by measuring
capacitance

— ,JJ&H,&';M\ W= RIESE TIE D5y MabsE ., — ARy
=4£8E, / High resonant frequency means flat
frequency charactestics.

« AVTIUHYRE—H B
_ KD EBRIMASEENTLI-L 3 EmRERD 2 M| ]

|2k Y22 K% EREN/ Distance between two plates is alteredl
by applying voltage

- FELAEBHAIEEAD, FEEIE—AHBECHANS &
N4/ Large plane is driven, enabling large thin speaker =20




(3%) KFE@EmAE—H/ Large plane speaker

SRR (7 ) PR

T PPPEDT I

ezeris- UALUESTARZ

QU7 I—77 1SR MEVZaB/eETT.

E-ARIEZIRESE S / Vibrates front plane of the monitor

RENFELTIXIEE

ERFEMNAHLVGNS /| Piezo-electric

actuator is used.



(5&)L—Y—< A% / Laser microphone

i T THNEA Y —H

o ——\
A —
— —
) =
'I; Lm >I

Ry S5—shRA X (GER#H2003,
http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf

W Ind ow

L

Beam Splitter

DS

Detector

I LASER

FiHetICk AR T

¢ L—HY—XTORE XMV BFIZLSERERETNEL,

Detecting by laser. Ideally no “microphone”

- FyITS5—R AKX HEEILZRIE
Doppler effect. Measures density change
- FibstAN, ARRECZEAE

Interferometer. Measures distance change



Thermo Speaker

. 1%[/1\'@'5%—((3:/11111 5=
Heat transfer is fast enough
In a small world.

« B/RIZ A:U“‘:L—)l/f'??l’i—_&._Lié
'E‘Z)“M CKAHERTEZRAES

Joule heat expands air

around the device H. Shinoda, T. Nakajima, K. Ueno, and
N. Koshida: Thermally Induced
Ultrasonic Emission from Porous
Silicon , Nature, 400, 853 - 855, August
26, 1999.

35 mm

Al (30 nm)

HhoR L4, [BiKE0.1kHZ-100kHz D [~
i /N RE—h—%FA$£(2010.6.25)
http://www.nikkan.co.jp/news/photogra
ph/nkx p20100625.html




AE—hHRY O ZD R
Role of speaker box
T SEDAB(+)0¥

« AE—NWRETHLSHFEMMEDEEICLSHITEHLMRZHS
Positive & negative pressures are sumultaneously
produced by speaker. Box avoid the effect

« RYVADHEFEZFALTEFHEETZER

Box has resonant frequency — Enhance low frequency
o NALIEAT HEDRARBDEZE A
Bass-reflex type: Enhance certain frequency




TOTATIARZT N E)T
/" Active Noise Cancelling (Active Noise Control)

Noise

Recolayback

bl

. %h\bd)%tf‘ﬁ*ﬁw’é"étj?:tf?ﬂ%*(%’éiﬁi

Negative sound cancels external sound.

- REIRITIEE. 8ERITEF

Low frequency components are easy to cancel.

* RCEXIZFTEBE
V(S EER

Microphone and

IO

EIS PR AR LDMTIO N E(ZEIH S AYR T A

speaker should be closer. Headphone is ideal.



INDAN )Y RE—H
Parametric Speaker

[RE

AVETA %
T

T e P T T VY sl S e |

« AIEEZAMFMZEAL . BEKEIREBICH
Audible sound is translated to high freq. sound by AM/FM
EREMEROFAETRIK. AREEICRS
Demodulation at boundary between air and object.

« BMMENEHTEWVNSAUETVT4TVRTLIZMEK

Beam can be very narrow—applications for interactive systems




http://www.youtube.com/wat
ch?v=jD2VU1vLFX4




LRAD(Long Range Acoustic Device)

SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI

Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

02/05/2009
T.R.T: 00:59

. /\7%|~Uu/77<t —HDRE
AL, BEIRILF—%F=LIC
liﬂ’




TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System

Auditory Devices

3D Audio

Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering

s W=



Ordinary Recording and Playing

Record: by two microphones

WHY is it OK?

Play: by two speakers




*Equivanent to Listen “through two holes on the wall”.
Limited Naturalness, but almost OK.




Money solves the problem

Recording: N microphones

Playing: N speakers
AR T4 T B



Analysis of the situation j

‘“‘Holes” on the wall become numerous.
Sufficient number of holes destroy the wall

AVBS T4 TR MR



What about Headphone?

Normal Recording

Playing by Headphone

*Many information about Sound Source Position is Lost.
Sometimes, Sound is Perceived as “Sound from Inside Head.




Binaural Recording

Dummy Head Head
Phone
Perfect Sound Localization,
Because All Three elements are replayed.
*Temporal Difference
Amplitude Difference
*Frequency Change by Earlobe.



Vice Versa

Yummy Head Speakers



We’'ve heard of something similar...

 Headphone=HMD
« Speakers=Ground Fixed Type Display

"



Review: HMD and Camera for it.




Head Tracking

W _. iy

 Headphone system ' yo(ngular velocity sensor) is

already commercially available.

®

©

0SP AL I 10>y Gz
DSP °
© © @
= oMo, ®;
e
DSP + (@) s
-------------- EEINHTE B EBEE

Zch.DigEO~y F R Z v+ 7 RER

Aoy B kT d S DR



Sound Field Reproduction

 Auditorium’s sound characteristics is
measured, just like HRTF

iy ] I ﬂ
|

Impulse, or chirp
signal (that contains
all frequencies)

Put Point source speaker g Microphone is

on the stage. put on the seat.

L]




Sound Field Reproduction

Recording at anechoic room

Add the auditorium’s transfer function



Anechoic Room Experience

We do not have an experience of “truely no noise” situation.
We hear heartbeat of ourselves, and sometimes feel dizzy.

When you have time, go to ICC

(NTT Inter-Communication Center @ Hatsudai)
http://www.ntticc.or.jp/



HS5 R X T L Surround system

—

LA L 7
e Moy
-"J __,..-f"f-@' = -FE

EEhER (D)~

B 22291 FFv 2 RINEEATLODAE—H—BEE

e 51ch, 7.1ch...

— HERE—AMBYRZUHT R LAV ETOER (BDF
EB ) 1SS EE T LB A =K1 )

« NHKE#FD22.2ch
http://www.qizmodo.jp/2006/09/nhk222 1.html




\J

IN—F )L Y5k Virtual Surrc%u

g=1
(perceived image location) \‘ C}
X(t) f/ ' S:
FRER

135" £E§EHRTF — -
| TES { 2FUA UM /—35) ES
T 0

135BEAHRTF | ——»
r _

L0A—2 RIBIC&D

- Ei E; s REMZ R
: : | B (CTC) (H)
image coordinates } TR i .. (I

(r, 0, ¢) HOR F—5RR% AB Hi1 Hiz

l c ‘/lf 2{” =l Bl ey Ha1 Haz
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Present locational sound by only two speakers
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2 speakers case, cross-talk should be eliminated




BT A S 2/ Pseudo 3D sound?
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« B/FIIVEIREYITIVURIDIFITS
From mon-sound, pseudo surround sound can be generated

— MHERE, EAEEONDFYURIIEEITAE—HD#E#REEIC

Phase reversal by miss-connecting one line

- IZTARVINGIAT L) . ERELLMDF YU RIVEITEAE
Bzl 2B b 5 (Bims~ 2+ ms)
Phase shift by delaying one line



TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System
1. Auditory Devices

2. 3D Audio
3. Synthesis of Auditory and other sensations

4. Auditory sensation and welfare engineering



HAREEEOMS
Synthesis of visual and auditory sensations

s WHETERADHR—ILDEEHEDS
Click signal produces collision-reflection feeling




(ZEZ)RA—I3E . McGurk effect
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Close your eyes -> Ba Ba Open your eyes -> Da Da



KELEETOMS
Synthesis of gustatory and auditory sensations

,

o RTEFYTROY VB IBEIRREICEET S
Crisp sound of potato chips alters taste

* |G Novel Prize for Nutrition 2008

Zampini, M., & Spence, C. (2004) The role of auditory cues in modulating the perceived
crispness and staleness of potato crisps. Journal of Sensory Studies, 19, 347-363.



MRELERTOME(1/2)

« Parchment-skin illusion(EREEE): FORMAFICL>TEL. MFEFITVYE
HETWSHRIC, ZOBEZRIESE THEREICIRT>SFEIBIETTF O RAMNES
MNEZIR, B EEBETH-ER,

Jousmaki, V et al.: Parchment-skin illusion: sound-biased touch, Curr. Biol, 1998

o AS—AYFOEEIZEALIZYA49AKRUT, BEETI <o -BDEZHE. 2D
Ba~NYRRUT RIRTHEEIKITCo=3F L 5.

- Z2REEENANSRBBED)T7YT4. VRESEE2005 http://www.brl.ntt.co.ip/people/kitagawa/pdf/399kitagawa.pdf




MREERDRE(2/2)
Synthesis of tactile and auditory sensations
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My teath got

dry and clean!

Perceived consonance

O R N W B U O N 00O W
- ’-’-3

2

> [T

_’_..-*"'

N

>
><
-

-'III I I I T I | I ] I T T |
doo S DR P R R e N I, - SR, I N R I - -
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{high-trequency component) f ; ;

ghritequency compo Frequencies of stimuli (Hz)

- WESEOEBERMEEKRR=NFRRINGZ AR IMNEHSND
* By modifying sound, tooth-brushing became more satisfactory.

T. Hachisu, H. Kajimoto: Augmentation of Toothbrush by Modulating Sounds Resulting from Brushing, in Proceedings of
the Advances on Computer Entertainment Tecnology (ACE) 2012, pp.31-43, Kathmandu, Nepal.

c MRLERZRFICER=>IMFICHIT IR KABRORIZILoKYITS

« “Consonance” relationship is found between tactile and audio sensation.

R. Okazaki, T. Hachisu, M. Sato, S. Fukushima, V. Hayward, and H. Kajimoto: Judged Consonance of Tactile and
Auditory Frequencies. IEEE World Haptics Conference, April 14-17, 2013,




TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System

Auditory Devices

3D Audio

Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering
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B LB T Sound in Welfare Engineering

. EEHE DY R—k.Supporting deaf and mute

— NI A E “Artificial inner ear

— ANTIIHEE. Artificial pharynx
.« REEEEDYR—LSupporting visually impared

— BB 1T Sensory substitution

- HEEEEDOEZTYAEIE.Obstacle avoidance ability of the blind
« SHhE DY R—bk.Supporting elderly

— ## 38~ Acoustic aid

— BEXE—7

- BEEEEDERBETADODEREREYICEFELNSLIIC. ChEUTIL

A LIZED)
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/ Artificial Inner Ear

o BRRILINZAIZS0VEE RNFRIZ
MIT71=, ~History: Volta first applied
90V inside ear (around 1800).

04 Ay FE=2

01 =42

o AHER. <A, RE—FTOtvY,
% {34 )L~ External body:
microphone, speech processor,
transmission coil.

|

02 ~Aw KE=24=T )L
N 2 ;

ARE: ZEIMNL. TUT . BB
Internal body: receive coil, amplifier,

electrodes
03 v k7O Y o TBIL8~22%). tHF(ZHEA SN, B

REREZESRIE. NHIEHYBEL
TRL 5.8 to 22 electrodes are
inserted to cochlea, stimulating
sensory nerves directly.



/ Artificial Inner Ear

AIREBIIEFEOHANNELWNEEDODNET,
CD12BDEDFIL. BOIT LB TELENST=DTT N, FL—=V T FRH.
KOBFEADOMNBLSIZHE->TEELT-,




AN IWHREE ~ Artificial pharynx
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« IHEEAVETHIEEDHE ->F DTG biREZTENLLY

Pharynx is removed for cancer—Vibration cannot be generated

« ANIWREE:#REN-KUEDTZEES.

Artificial pharynx: Generate vibration, as a source of voice



AN IWHREE ~ Artificial pharynx
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http://www.secom.co.jp/personal/medical/myvoice.html




(UIST2018) SilentVoice: Unnoticeable Voice Input by Ingressive Speech
Masaaki Fukumoto

SilentVoice
i

Sound Level

~ This is a demonstrarion of SilentVoice.

+ BRICKDBEFEANZRZE. 2FEMMIDNGL.



& {£1T1.Sensory Substitution 1
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X

camera

Frequency

zteren earbuds

Left-Right Scan using
Sonic Guide Binaural Earphone

vOICe

FER(CKDHERIT

Substitute visual sensation by auditory sensation






RERIT2 MREICKDHEFER 1T Sensory Substitution 2
Substitute audotory sensation by tactile sensation

.........
i ol d

http://www.human.rcast.u-
tokyo.ac.ip/?p=2&pp=0&I1=1&r=1111

Tactile Vocoder

METEZE ERTAT7  BIKE
SEELTREICTfiET

Listening by tactile sensation.

AT Basic idea: Frequency components
G.v. Bekesy({ 9'555'Human skin  are presented to different position of

Perception of Traveling Waves the skin, just like cochlea.
Similar to Those in the Cochlea




REEFTEOETMIE

Obstacle sensation of the visually impaired

o TUT47€2T %/ Active Sensiong

EEDOMEICLSELM(TOAT—23Y)
Perceive location by sound “echo” (echolocation)

« Ny Tt /Passive Sensing
FBEME DRSS, EROEICKYEL
BEICIXIFENR1
Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color
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RN RIZEAEEYRRE

Obstacle avoidance by presenting acoustic shadow
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WM : EEOE ORI LA REREOME, B/ —F v
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SEBEDOYR—~ 1 R LB EE

Supporting elderly: hearing aid and bone conduction

RS EREETREER S

Inner ear is directly vibrated by bone conduction

s BWICHE, FEICEENHLHIETHNZRIE

Effective |f problems are in external ear or middle ear.




= E DY R—k 2 EEDER
Supporting elderly: speed reduction
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http://www.kumikomi.net/archives/20 Q} http://www.human.rcast.u-
09/08/dsp.php?page=1 tokyo.ac.jp/?p=2&pp=0&I1=1&r=1114

OEFEFEELESL (F-IZLEFTDEYFIEEZALLY)
Ordinary, speed reduction changes pitch. By signal processing,
speed reduction while preserving pitch is possible.

OEFEIDIGEIX) T ILIA LANE
For mobile phone, the signal processing is done real-time.




INT A/ Mini Test R[EIBHIRE T

UTDOE£TIZ100F LLRTEE THEZ B &~ Answer all questions within 50 words

©®© NGO A O~

- A A A A A A Ao
0O NO O b WOWDN -~ O -

HAD&EEZDULNTERBAHE & Explain role of auricle

SN EEDJRE|Z DL TERBAE KExplain role of external auditory meatus

T 421N/ AN)—IZ DLV TERBAHE KExplain Tympanometry

H/MNE#RSZDULTERBAE & Explain Stapedial Reflex

NEEERDEZIZDULNTERBAE & Explain role of basilar membrane.

RNEEEHMBEOEIZIZDOULNVTERBAE & Explain role of hair cells on the basilar membrane.
EE RS- DULVTERBAE & Explain otoacoustic emission

A ILIURZDULVTERBAHE & Explain formant

ST ITFUR AR RIZDONTERBAE &K Explain missing fundamental phenomenon

R FREICDULVTERBAE & Explain shepard tone

ABERBEE DERELDAEICDOLNTERBAHE & Explain localization by low frequency sound.
. BREEDEREMDAEIZDOLNTERBAHE & Explain localization by high frequency sound.
. ETFAROFREALIZDOLNTERBAE & Explain localization of vertical sound position.

. BEEMEER - DUV TERBAE & Explain head related transfer function

CINTARY Y RE—HIZ D TERBAH & Explain parametric speaker

. RA—UHMBIZDONTERBHE & Explain McGurk effect

. ALREIZDWTERBAE K Explain artificial inner ear.

. IO—A%7—232[2DLVTERBAE & Explain echolocation



