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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




Ear Mechanism
Hﬁ. Auricle
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Vestibular nerve

Cochlear nerve

Cochlea maq:

Tympanum Round window
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auditory cavity
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Eustachian tube
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5\ H ./ External Ear
Auvricle BRI

« H4r.Auricle

— &E_Collection of sound
— AMRIESL Directional sensation

. * S5 E3#EExternal Auditory Meatus
— HIBE A resonating pipe.
— 2.5-3.5cm = 1/4)

— Lowest resonant freq. = 3-4kHz
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meatus
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i H_~Middle Ear

.« BifE.Tympanum
— E#& /Thickness 0.1mm
— BE& Diameter 8-9mm
- MEARER/DRIE
/Min. Amplitude 0.12 um

- E/\vB.Ear ossicles (tiny bones)
W - Db . EH-. HAHE

= Malleus, Incus, Stapes

- | Oval windo — 818~ Amplification

alleus ncus e s N
BRFfE — BANEE:EE TR D RS (55
A LR N Sepes | 4 R &) =15E%HE.~ Connected
T o \; ‘\ muscle modulate transfer efficiency
— N\ I\ (attenuation reflex)
Tympanum ‘“‘_ B
g | gl |

[ L\ [ » H%E . “Eustachian tube
’ \ i — KX A% Connected to throat and
1 Xord keeps air pressure
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s BEANFBRORSNEFBRENAVE—F X%
Impedance measurement by reflected sound

— T4 1N/ AM)—/Tympanometry
c NREEEBSEEBOREDRIOLOTI(AVE—FUR)EHRE

Measure tympanum’s impedance while changing external air pressure

- BE/NBRRGHRE ~stapedial reflex

« BRICKELEZANLILEORBRAZRZBEORIDOLOTS(IVE—F X)) TRE
Measure tympanum’s impedance while inputting very large sound




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

1=ZE D LL{H.~Mechanical Transmission

Air Vibration
Tympanum Vibration

3 Bone Conductions
Oval Window Vibration
(Lymph) Fluid Vibration
(Basilar)Membrane
Vibration
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hEICEITLIEES

Lever Mechanism at Middle Ear

RE : ERIRE) TRIAZERE)
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.

#8 4%~ Cochlear Canal = Snail Shape Tube

Slapes vibrales agains
mernbrara betind ol
Wi

-, Cochlan straighbaraed aul
e show baslar membmane

A particular region of the baslar
rnenmbrare flages back and forlh
in response 1o sound of a partizular
frapuenicy




HEEFEREERTLETICRYILbNS
The Tube is divided by Basilar Membrane

Scala vestibuli

Reissner's 7 e - ‘,-“ ::
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EEETORKES
Frequency Analysis by the Membrane

Sound
A \
) , % —
\ '\\ o L 100 Hz
¥ 3 ] frequency 3% —
1:))}) ) ) } Medium b3 : OiojHZ
frequency 3= S ]
\\)‘. ; . 10,000 Hz
@»})})})Al ;:egqhuency 98 = b

»\)JJ))?))}\\ e

» Lower Frequency = Go Deeper
» Frequency is Converted to Spatial Pattern

EEE OB E M _

Hair Cell on the Membrane | hair cel
ectorial
membrane

Scala ve




B EMREOERE

Hair Cell is Driven by the Membrane

A =M MBI T v )L BRA

Mechanical Channel on the Hair Cell




A E RS E AR

- o
Inner and Outer Hair Cell D |
- 2
sInner Hair Cell: Single Line &

*Sensory Nerve is Connected

*Outer Hair Cell: 3 Lines
*Actuating Nerve is Connecte

To cochlear

*The role is still mystery. " =

V%
7

+One Hypothesis: ler
Outer Hair Cell works as Actuator to Adjust Hair Cell &
Membrane Relative Position.
VIt vibrates with high frequency, and one cause of “noise in the ear”
(buzzing)
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5\ E£#2.~ Outer Hair Cell (magnified)

P
. +

' .
i

E &5t~ Otoacoustic Emission, OAE

Efr

SRENBELBEERT D, NEBFICHTIREELTH, EHFHFIZH
HH M=~ Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound.
NEEMIEDEENI-LBEIN S, Itis due to outer hair cells
JEEROBEDE-OHIZALDNS, Itis used as an examination
tool for auditory system.
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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

=D

[& ;K581 .~ Frequency Range

» 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
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BIIEARED RSN THREINDG S

Sound is analyzed by Frequencies.

400 800 80O 1000 1200 1400

Frequency i F1T7HILTU AR Fi [H
First Formant Frequency [Hz]

3500

Amplitude ——-

Second Formant Frequency [Hz]
F2T7+ILTUEEE F2 [Hz]

 Ex. Formant

* Vowel is analyzed by “two major peaks”.
— First Formant: 500~ 1000Hz
— Second Formant: 1500~ 3000Hz

ARGES LT F54F
Spectrum Analyzer

Windows Media Player [ B ]|

B m—
Y

P .I:@:'I-“bi;lu,l o - ) =

E B RS

Low Frequency




Le~RBE 7./~ Speaking Piano

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

EE#EEDHE Perception of Harmonic Structure

nonn Ja4a.
hﬁMb A

& ) &
1. I1..

R Ee ERE
oz AL BRIIEIHNERLIEEZS

We Perceive these sound as the same pitch, altough tone is
different.
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http://www.youtube.com/watch?v=muCPjK4nGY4&feature=player_embedded

i

WG TR AV ZR ] Missing Fundamentall

EEENECTL. BERDDRIRTEETZMRETES

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

ICDOR—=D(IEER - BECODWVTHRIFELEFH>TNVDEDTFIVY

SOV ITFURAVRILDIGA
Application of Missing Fundamental
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INBIZRE—AIFERE K ZEH LIZ<LY, Small speaker can't output low freq.

200HzLA E T, 100HzDE B ZRMNEHE. 100HzDEEHNECZ 5,
BRTLUE FICHBRE—H O MENERYHSE) THRA,

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



http://www.brl.ntt.co.jp/IllusionForum/a/missingFundamental/ja/index.html
http://www.brl.ntt.co.jp/IllusionForum/a/missingFundamental/ja/index.html
http://www.kumikomi.net/archives/2009/09/dsp_1.php

EEBEDIA

Application of harmonic structure

U
—0 _30 | JRISEE + U IvgE
—Z(J — :
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= |
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Rt el Ok 2k 4k 6k 8k 10k 12k 14k 16k 18k 20k 22K
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MP3F D E#METIEE BIREE DY BARICECZABEWNEEH S,
BAR. [ XRTIEI/EBENDHDICEEZFA. BREEHIER,
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

MBS PE (> =/ \—Fk—>)/ Shepard Tone

e

-
< ~

-

http://www-
antenna.ee.titech.ac.jp/~hira/ho

bby/edu/sonic_wave/sh_tone/in

Belative anplitude
A
i

dex-j.html

£, 2, 2t g, |2%g, |2 g, |20, |2ff, |27, |2'E,

Relative frequency

ABDEIRBEBEEZMNELTOASIEEFIA. TEHMIC
FERICEFITELEEEDIENTED

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

e -I*E YMO LOOM(1981)
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http://www.kumikomi.net/archives/2009/08/dsp.php?page=1
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html
http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html

B E L.~ Sound Position Localization

- M E M2 Difference of two ears
— 20~2kHz BffE1Z. 1482~ Temporal (Phase) Difference
— 2kHz~ 5&E 2 .~ Amplitude Difference

s FTAROEL : ENIZEPBEEEIL
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

— MEDELLITFETRE, RIEBRDFTDELLBEELLY
Pure tone localization is impossible. Inexperienced sound is
also difficult

BREMEMBEI—T 1T (BEK) ~
Sound localization and nerve coding (low frequency)

{EEESDSE
| AN |
| | |

FhENDER
ICRIfAEE =
RS

(a)

‘ | 4T O
LT T
| | n, (EEES

5 |

e s o |

| i Nz
'(b) ‘

HETEINEE > BREMICHBFHOIIIVIMNEZD
Nerve activity is phase-locked so that “timing” can be used for
localization.
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BREMEMBEI—T17 (GREK) ~
Sound localization and nerve coding (High Frequency)

WERBOE R

k Ar A{ B ES T
WEWNRR
| :

‘ () :
A N —
e —AHOBBAREO L &Y
3 ; g W=OSF LIEER-2ASI T HME
E D g .K. . ZBVOTHEEZ(THEY RS
& As one cycle is shorter than nerve’s
JN Y resting period, nerve activity is

20 f gl random and only intensity can be

w7~ ysed for localization.

Time (ms)
“Schematic” Action Potential

BEEMEZEREB(HRTF) .~
Head-Related Transfer Function

Anechoic room ';:'::i:;[:r:a:erser
-“‘:\“:-‘
S
N
N
N
Head rest 7 |
1 ) u.
d % U
/ Movable
loudspeaker
Glasswool floor  Lch\ ||} \Rch

» Head Filtering Characteristics are measured.

— Parameters:

— Sound Source Direction (8, y)

— Frequency f

18



Dummy Head

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

y *+ Expensive ones

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

« Microphone is inside the ears.

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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L—E AN BRE—H&TLY
Moving coil type speaker & microphone

- BRIFEDF|FA Utilizing electromagnetic induction.
o ZLRE—AHIZALVENS Frequently used for speaker.
s BEREAZERE, aMILEIRE

Ordinary, magnet is fixed, coil is vibrated.

« AMILIZIEREICEL SRIREFENA AT EE
As the coil is very light, it can be driven very fast -
4

O—

AT IAT-AE—N B
Capacitance type microphone & speaker §~; |

« AT %< A%/ Microphone
- 2O EBIRERDELICLIHERELILEEE/
Detecting distance between two plates by measuring
capacitance
IR RBA BN O AR TIE I TV MEFHE, — A
=M EBE, / High resonant frequency means flat
frequency charactestics.

-:V?Dﬂxﬁ—ﬁ

[Z&YZE Sﬂ.’éﬁlZEJJ/ Distance between two plates is altered il |4
by applying voltage |
- FELUEEBARA, FERAE—ABECALS

t.5/ Large plane is driven, enabling large thin speaker e ‘

20



(%) KEmMAE—A/ Large plane speaker

WP RTLA-51T
VALUESTA ﬂ@

3R MRVZIB0/9ETT.

« EZARIEZFIRIISE S/ Vibrates front plane of the monitor

s IRBIFELTIEEERZRFENALGNS / Piezo-electric
actuator is used.

(%)L —Y—< 1% | Laser microphone

Window
) T THEAE —
Jﬂ?‘ﬁ LDV
! 1
.: \
\
. \ Bearn Spliter
Iﬁ Lm E
< >
= . Detector
FyFS5—8 B A K (&R 12003,

http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf I LASER

FibEtz LD RERH

« L—HY—RTORK T4V BHICLLBIRERENLL,
Detecting by laser. Ideally no “microphone”
- FIT5—RAX AEELEAE
Doppler effect. Measures density change
- FHEHARK ABRRELCZAE

Interferometer. Measures distance change

21


http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf
http://www.acoust.rise.waseda.ac.jp/publications/happyou/asj/asj-takizawa-2003march.pdf

(BE)RERE—N
Thermo Speaker
- WUMERTIXBELSE

Heat transfer is fast enough
in a small world.

« BRICKYDa—ILBEELS
gg@txéﬁﬁfﬁéﬁié

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.

hoB L4, BiEER0.1kHz-100kHzD i
HE/NRRE—H—%F$(2010.6.25)
http://www.nikkan.co.jp/news/photogra
ph/nkx p20100625.html

AE—HARYIRDEE|
Role of speaker box
T SEDSB(+)0E

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

o RYVADOHRFEZFIRAL TEFGIESTZ1E54
Box has resonant frequency — Enhance low frequency

 NALIBAT HEDRBRBDELIER
Bass-reflex type: Enhance certain frequency
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http://www.nikkan.co.jp/news/photograph/nkx_p20100625.html
http://www.nikkan.co.jp/news/photograph/nkx_p20100625.html
http://www.alab.t.u-tokyo.ac.jp/~shino/nature/index.html
http://www.alab.t.u-tokyo.ac.jp/~shino/nature/index.html
http://www.alab.t.u-tokyo.ac.jp/~shino/nature/index.html

TIOTATIARFNRYDT
/ Active Noise Cancelling (Active Noise Control)

Noise

N

c ADCDBEEFEHEDBEZHI CETHRILKEZHEE
Negative sound cancels external sound.

- ERKEIEE. sBRITIEF
Low frequency components are easy to cancel.

s REERIFSATEBAZAAEWNIOINEICERT >AYRTAH
xR

Microphone and speaker should be closer. Headphone is ideal.

INGARNY YO RE—hH
Parametric Speaker

&

AMZER /\/

-4 -

- AIEEZAM/FMZRAL. BE KB RICEE
Audible sound is translated to high freq. sound by AM/FM
 ER[EVHRORETRIK, IHEEICES

Demodulation at boundary between air and object.

« ERAENMBHTEWNSAUEZITAT VAT LIZEK

Beam can be very narrow—applications for interactive systems

23



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

SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI
Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

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

o INDANYHORE—HDRIE
#AW, BIRIILTF—FELIC
(X9

24


http://www.youtube.com/watch?v=jD2VU1vLFX4
http://www.youtube.com/watch?v=jD2VU1vLFX4
http://www.youtube.com/watch?v=iFzPkxIwVXI
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ooDn -~

Ordinary Recording and Playing

i 9
"

Record: by two microphones

WHY is it OK?

Play: by two speakers

25



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

Money solves the problem

Recording: N microphones

Playing: N speakers
1859 T 4 TR

26



Analysis of the situation J )
~

~

~

*““Holes” on the wall become numerous.
*Sufficient number of holes destroy the wall
(28557 4T iR

What about Headphone?

i 9
|

P

Normal Recording

Playing by Headphone

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

27



Binaural Recording

ummy Head Head

Phone

Perfect Sound Localization,

Because All Three elements are replayed.
*Temporal Difference
«Amplitude Difference
*Frequency Change by Earlobe.

Vice Versa

Ppummy Head

Speakers

28



We've heard of something similar...

 Headphone=HMD
» Speakers=Ground Fixed Type Display

Review: HMD and Camera for it.

29



Head Tracking

* Robot head should move according to the user’'s motion.

* Headphone system wih yrb(angular velocity sensor) is
already commercially available.

® e - |
TV TV I
@<é O ®

O e @
0! @ €
\’9
2eh OBEOAY K RSyt SREE BEMMNTEEFBLIC FBREE

Ay EbT w2 S OmRe

Sound Field Reproduction

* Auditorium’s sound characteristics is
measured, just like HRTF

s

Impulse, or chirp
signal (that contains
all frequencies) :
Put Point source speaker QE Microphone is
on the stage. put on the seat.

5
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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/




Y5 R AT L/ Surround system

B
_ = ,
N @Uﬁ
\ s ® T
, \ [ -9y

=

[]
& \ L
- ] /} % %@7@]
\‘ %if;i J 5% EgRA (LFH5 ﬁ
SR 2229NWFF v U RIVEEY AT LDRAE—H—EE

* 5.1ch, 7.1ch...
- BRE—AMBYRZU T RO IVETOD R (FDE
ERFZ TS EE T 5B M TEFE]
« NHK$ 8 D22.2ch
http://www.gizmodo.jp/2006/09/nhk222_1.html

6=135

IN—FxJ)LYZH K Virtual Surr9u
5
L

'i(t)ﬁ SR &

135 £BBHRTF | ———»

AFUE M/ =3)ES

135 B5EAHRTF | ————»
Z0Z—% BIECLD
3 E: E= BRETTF 4TSI
B feTC) (H)

3

: 3 L AB Hin H
- : o) _ pomE] e |88 ] L]
X Xz ———
!mmaa]::m, = =% [X1 X2
interpolation o
x () xp(t) b}
~ B El=[¥1 Ya]
h(© DRY DTl
‘B._(t) Crc = H!
(drynmn'ue) x,(0

. ER2ETEEOBHNSOEEER
Present locational sound by only two speakers

s AE—H2DEZEITVORN—IBRENDE
2 speakers case, cross-talk should be eliminated

32


http://www.gizmodo.jp/2006/09/nhk222_1.html
http://www.gizmodo.jp/2006/09/nhk222_1.html

BT IRE 2 Pseudo 3D sound?

2 ML~ o)
BRI E = EBF vy 3L B fEa = 2F e 30

« B/FIVEREYIVURIFITES
From mon-sound, pseudo surround sound can be generated
- MR, EAELLNDFYURILEZIFRE—DDHERE I
Phase reversal by miss-connecting one line
- ITA XL EL) . ERELLNDFYURILEITEE
Bz Bt % (Fms~#+ms)
Phase shift by delaying one line
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Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering

S RCRRID R
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RELEROME
Synthesis of visual and auditory sensations

&

s BRETEADR—ILOBELNEDS

Click signal produces collision-reflection feeling

(BZ)IH—IUMB ~McGurk effect
_._—--HEEEI:EHEE-'H.I

" ‘J:Utnuh*r.n-a"
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http://www.youtube.com/watch?v=Fke7GWcT5ko

KRELHERORE
Synthesis of gustatory and auditory sensations

1l , ——

o RTMFYTRDBH IS IBTKREICEETD
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.

MRELETORMS
Synthesis of tactile and auditory sensations

+ Parchment-skin illusion: FOREMAFICE-TEIL. AFEIITYEDHE TS
12, ZOBERLSE THRECR TS FHBETFORMAELA LR SF
ER=ETH- B,

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

¢ BS—AYROEEICEALEZYA/0/KRU T, BEETI RO EEHE. 2D
BEAYRRUT IRRTAHEEIKT o1& /LS.
) SEEEENSRDIHEDY T T4 VRESREE2005 http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf
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http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf

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

> owbdh -

F L1242~ Sound in Welfare Engineering

. HEEE O H7R—b.Supporting deaf and mute

— ANZIAE . Artificial inner ear

— ANII®EE.Artificial pharynx
- HREEEEDYR—L.Supporting visually impared

— BEE 1T~ Sensory substitution

- REETEDOEEYWAE . Obstacle avoidance ability of the blind
. EEE DY R—b.Supporting elderly

— ##HE2§.Acoustic aid

- BizEBRE—H

- BAEREQRB(ETADRREYIZHLEDLNESLIIC. ChEUTIL

BA LIZfES)

36



ANI RN E ~Atrtificial Inner Ear

103 #9709y

SR RILAA & AIZ50VE B RERIC
M IF1=, ~History: Volta first applied
50V inside ear (around 1800).

AKNER: <MY, RE—=FTO0tvH,
#%{E34 )L~ External body:
microphone, speech processor,
transmission coil.

ARNE: Z{EIML. ToT BB
Internal body: receive coil, amplifier,
electrodes

BAB(X8~22%f. HRAFITHEASH, B
BaETEIR. RIcEbYFEL
TRL%.78 to 22 electrodes are
inserted to cochlea, stimulating
sensory nerves directly.

ATIRE. ~Artificial Inner Ear
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http://www.youtube.com/watch?v=UQFxkhFiLAM

A TLIEEE.~ Artificial pharynx

Cﬁ.l-'S[! C/uL"S[i
R (=8
TRIATRN

ﬁE
BEEORS wﬁTAIﬂEETOﬁp

« IREEH U ETIREDHE >FE DT ELHREZENLL
Pharynx is removed for cancer—Vibration cannot be generated

« ANITHER:IRENCLUVEDTEES.
Artificial pharynx: Generate vibration, as a source of voice

A TLIEEE.~ Artificial pharynx

http://www.secom.co.jp/personal/medical/myvoice.html
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http://www.secom.co.jp/personal/medical/myvoice.html

BE X171, Sensory Substitution 1

‘Il Lol CArnera

-

Q o

=

7]

=

jop

o

—

= shereo earbuds:

Left-Right Scan using
Sonic Guide Binaural Earphone

vOICe

BERICLHB/BRAIT
Substitute visual sensation by auditory sensation
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http://www.youtube.com/watch?v=I0lmSYP7OcM

BRERKT2 MREICLSERKIT.Sensory Substitution 2
Substitute audotoryﬁsensation by tactile sensation

_‘,;

tokyo.ac.jp/?p=2&pp=0&I=1&r=1111

o ompifier Tactile Vocoder
@0 )0 e R TEER ERTA4T7 AR
0 F \  SBLTREICSHRE
‘- '7‘“” Listening by tactile sensation.
\ e, Basic idea: Frequency components

e S
G.v. Bekesy(1955) Human skin ~ are presented to different position of

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

REEZTEORESTVINE

Obstacle sensation of the visually impaired

s 7OT47®> % /Active Sensiong
REBEDODANRICLDSEM(TaAT—3aY)
Perceive location by sound “echo” (echolocation)

« IN\YLTE2I Y /Passive Sensing
FBEME DS, EROEIEICKYELL
BEEICETEEMZ
Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color
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http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111

T304 —< 3> . Echolocation

_———

BEMEZDRTICLHEZTYRM

Obstacle avoidance by presenting acoustic shadow

f'f_"

Ee DD C &2

WE, %, X, *EZF  BEMNEDRTICISREERE
DiETR, HAR/N— %JV)L'JT'JT«r—?% F12EKEHHX
£(200749 B 48 ), 2007.

f"‘.ru
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http://www.youtube.com/watch?v=YBv79LKfMt4

SEEOYR—~ 1. FEREEEE
Supporting elderly: hearing aid and bone conduction

° B %ﬁiﬂéﬁ'—c =] jéﬁ:i%)/

Inner ear is directly vibrated by bone conduction

« BITHE, FEICHEEANHLIHETHNZRIE

Effective if problems are in external ear or middle ear.

BIHED PR~k 2: REDIER
Supporting elderly: speed reduction

AnEETL— 4 —

)ﬁj‘a‘,f—l L%
/ xS

HAEBEIL—4 WhEBI L —A4A _,.-"I' #tﬂ'g}:u néﬁ%#ﬁ%
http://www.kumikomi.net/archives/20 % http://www.human.rcast.u-
09/08/dsp.php?page=1 tokyo.ac.jp/?p=2&pp=0&I1=1&r=1114
OEFIERLTELE S (FELEFTDEYFIEIEALLY)

Ordinary, speed reduction changes pitch. By signal processing,
speed reduction while preserving pitch is possible.

OEFREFEDHZAIXITILIAA LANE
For mobile phone, the signal processing is done real-time.
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http://www.kumikomi.net/archives/2009/08/dsp.php?page=1
http://www.kumikomi.net/archives/2009/08/dsp.php?page=1
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1114
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1114
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1114

INT AR/ Mini Test REIFIEET

DT O£ TIZ100F LANTEE TEZ &~ Answer all questions within 50 words

N ORWND =

A A a a a A a aa©
0 NOoO oA WN-= O

ENO&EIC DL TEBAE & Explain role of auricle
SEEDORENZDULVTERBAE KExplain role of external auditory meatus

T4 1N/ AR —IZ DT ERBAE &KExplain Tympanometry

H/INEBHREHZDULTEBE & Explain Stapedial Reflex
REZEEEOEEIZDULVTERBAYE & Explain role of basilar membrane.
NEAEMBEOEIZ(Z DT & Explain role of hair cells on the basilar membrane.
BEEEMETZ DL TEBAHE & Explain otoacoustic emission

THILIUMIDNTEHBAE & Explain formant

ST ITFUE AR BRIZ DN TERBAE & Explain missing fundamental phenomenon

. EREREIC DL TERBAE & Explain shepard tone

AEERE DBFIRERDAEIC DL T & Explain localization by low frequency sound.
. BREEEOFRERDAEIZOLTEBE &L Explain localization by high frequency sound.
. ETHRAOERESRIC DUV TR & Explain localization of vertical sound position.

. BEER{mZE RS #IZ DU TERBAE & Explain head related transfer function

CINTARN) YO RE—HIZ DN TERBAE & Explain parametric speaker

. RA—DUFHBRIZDOUVTERBAHE & Explain McGurk effect

. ALREIZDL T & Explain artificial inner ear.

. IO—A%7—23VITDLVTERBAH & Explain echolocation

43



