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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
Eﬂ Auricle

Cochlear nerve

Cochies WR4E

Round window

Eustachian tube

External Ear Middle Ear  Internal Ear
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— &% Collection of sound
— AREAL Directional sensation

[ ,( - 5\ E3& External Auditory Meatus

\ ,\Wu\»% — #IRE A resonating pipe.
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— 2.5-3.5cm = 1/4A

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

« R Tympanum
— [E# ./ Thickness 0.1mm
- &% Diameter 8-9mm
- SETRER/MRIE
/Min. Amplitude 0.12 pm

BE « H/NE ./ Ear ossicles (tiny bones)
- Dh . Ehf. HAHE

Malleus, Incus, Stapes

- s 0 wind — 1808, Amplification

‘ EHF‘?F - BRAMMRE:BOE TR RA(HH
Stapes

R 4%) ={zE%FHE~Connected
muscle modulate transfer efficiency

— M A \ (attenuation reflex)
Tympanum | S \
e | [ )
!+ H%& /Eustachian tube
‘ \ M/ - KUEFE . Connected to throat and
) 4 keeps air pressure

h E# % ~Examination of Middle Ear
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s BEANBRORSEERENSAE—F U REF
Impedance measurement by reflected sound

— T4 13/ AR)—Tympanometry
c NREERHSEBOBEORBOL LT S(AVE—F L R)ERE
Measure tympanum’s impedance while changing external air pressure

- B/NEHRESHRE . stapedial reflex
. BRICKELFEZANLILEZORBRAEFEDORBOL LTS (1 VE—FR) THRE
Measure tympanum’s impedance while inputting very large sound

R E . Internal Ear
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SR~ Oval Window bs
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Sensory Complex:
Angular Acceleration, Acceleration, and Sound.

1EZE D LLH.~Mechanical Transmission

Air Vibration
Tympanum Vibration

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

oo AW N R

FEIZEITS1EE.
Lever Mechanism at Middle Ear

fiRE : ESRIRB CTRIAEEEE) 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

3 than Oval Window.

S 2. 3 Bones has 1.3x mechanical
= lever

LT3 total, Force is magnified 22x,
while amplitude is reduced.

B 4%~ Cochlear Canal = Snail Shape Tube

rates against
ehind ol

memb

window
! [ Qual
NN A wincow

A = Baslar mambrane
Mallous — .

Hgh-frequency —
sound waves —=
Pl
/ of the basdar
ack and forth
nd of a particular

Round
wingav

Eardrum




WEFEEFERECL FI-RTIoN5 L o _
The Tube is divided by Basilar Membrane HIER D IRE)~Vibration of Basilar Membrane
: i B ) 33 mm "
Tympanic /
membrane Round Oval Basilar Helicotrema
window window membrane
7 -Scals tympal C
Compression e
SR f' l
i \ Rarefaction
TN s ] BWAEMS AN, EMELEID = -
TR /). ORIEHIRZEL AL =8h) 4 ;
2 == -~ Input from Oval Window, 1
X 27X scals terminated at Round Window.
Ve e (Water volume does not change)
fiourd vindowr 1EFI78 ~Round Window A2 859747 Biffitsin
EEBETORRES R EEEEOFEME

Frequency Analysis by the Membrane
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* Lower Frequency = Go Deeper
* Frequency is Converted to Spatial Pattern

Hair Cell on the Membrane —_—

FEMROEEE)
Hair Cell is Driven by the Membrane

HEMBA LN T ILER
Mechanical Channel on the Hair Cell

n /J]ﬁj‘




RE £ LN B EHR
Inner and Outer Hair Cell

Inner Hair Cell: Single Line
+Sensory Nerve is Connected ..o

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

*One Hypothesis:
Outer Hair Cell works as Actuator to AdeSt Hair Cell &
Membrane Relative Position.
vIt vibrates with high frequency, and one cause of “noise in the ear”
(buzzing)

Wﬁ%‘ﬁﬂiﬂﬂt%’ﬁ%‘fﬂiﬁﬂ/lnner & Outer Ha|r Cell

inner
haif cells

5\ EHMiE.~Outer Hair Cell (magnified)

S &4t~ Otoacoustic Emission, OAE

SAFNBELEERT S, MBEICKT ARG ELTH, BERHICE
B $MIZ.~ Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound.

S EEMIADEENI-LDHESN D, Itis due to outer hair cells
FEEROBEDHIZALGNS, Itis used as an examination

tool for auditory system.
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[EiR #4158~ 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




BRI ESNTHRSNG S
Sound is analyzed by Frequencies.
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Amplitude e

Second Formant Frequency [Hz]

B2OFNTUNEE
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Frequency ———jp

§

First Formant Frequency [Hz]
* EX. Formant
* Vowel is analyzed by “two major peaks”.

— First Formant: 500~ 1000Hz

— Second Formant:1500~ 3000Hz

% ] W05 03 T
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ARG LT FHo54Y
Spectrum Analyzer
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Low Frequency

[3] windows Media Player

Lo~ 3E 7T/ Speaking Piano

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

fEE#EEDHE . Perception of Harmonic Structure

s
s

tir )m/l/l/‘ »tim

%l g{] %l
I n Illl
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We Perceive these sound as the same pitch, altough tone is
different.

Sy VT I7USE AR LERER/ Missing Fundamental

EEENECTH. BT ORIRTEEZTEMETED

Without basis frequency, we perceive it by harmonic structure.

http://www.brl.ntt.co.ip/lIIusionForumI/a/missianundamenltaI/ia/in
dex.html
IZDOR—DFBER - BRSOV TRLEEF>TLSDTFIVY

SV ITFURAUEILDIGH
Application of Missing Fundamental

100 200

INBIZE —HIFE B K% H LIZ<LY, Small speaker can't output low freq.

200HzA £ T, 100HzDEEEEMNE5HE. 100HZOEZAE 2 5.
HBRTLUE (BITRBRE—HDOHENBLYLE) TRA,

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.youtube.com/watch?v=muCPjK4nGY4&feature=player_embedded
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

BEEBIEDIA
Application of harmonic structure

| ST
: V{v%\_‘ il i I
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MP3F D EMTEEAREHEDY-BRICEHCAGWNESEHS.
BAR. [RRTFICEBERESHHICLEFA. BIRBENE.

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

IR EME (S =/ \—Fk—>)/ Shepard Tone

http://www-
antenna.ee.titech.ac.jp/~hira/ho
bby/edu/sonic_wave/sh_tone/in
dex-j.html

Relative anglivuds
5\
rs

ER N ESF N P X S T AR T O A

Eelatvive frequency

ABEINEERBETHNELTVAILZFA. TEHNICE

ERICEFTLEEMEHIENTED

Utilizing human perception of harmonic structure,

infinitely rising (falling) sound can be generated.
N

3 yfx ﬂfj YMO LOOM(1981)
e

EBEE S~ Sound Position Localization

- @WHE 0% Difference of two ears
— 20~2kHz 5. 1482 Temporal (Phase) Difference
— 2kHz~ 3&E % ~Amplitude Difference

s ETFABMOENM: ENICLIEREL
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,...

— fMFEDEMIEITATEE, RIFBRDOFOEMEHLL
Pure tone localization is impossible. Inexperienced sound is
also difficult

EREMEMREI—T1VT(BRRK)
Sound localization and nerve coding (low frequency)

EEEADER

ENENDEF
« ﬁ ﬂ q ﬁ A « ﬂ A q ﬁ A ﬁ ([CEEEE
=R
HLTTIEEL
7t (LEEES
WIS
(b)

MHEEESNEE > BREMICHBETHOI(SUIMNERS
Nerve activity is phase-locked so that “timing” can be used for
localization.

BREMLHZEI—T17 ERAK)
Sound localization and nerve coding (High Frequency)

588 2D EIR
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% 12 WEWRRS

— RO MEDOTGHLYE
W= T LITEB 2SI HiE
ZIEVNDTRIEZFTHEEYICHD

As one cycle is shorter than nerve’s
resting period, nerve activity is
random and only intensity can be
used for localization.

| Teeshoid.

BEEMEEBES(HRTF)
Head-Related Transfer Function

Anechoic n T Traverser

Head rest
= 1

Movable
loudspeaker

Giasswool floor L en R

* Head Filtering Characteristics are measured.

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

— Frequency f P ek ek Yitic



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

Dummy Head

* 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.

A 85974 Bt
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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

L—E Ta/VBRE—H&T(Y
Moving coil type speaker & microphone

- BRAEEOFIA Utilizing electromagnetic induction.
« ZLRE—AIZALGNLS Frequently used for speaker.
- BEIHEAZEE, 2/ EIRE

Ordinary, magnet is fixed, coil is vibrated.

« ALVIFERICES SRIKESN A6
As the coil is very light, it can be driven very fast

a-Vik

VT IA-RE—H
Capacitance type microphone & speaker

s OVFT BT A/ Microphone
- 2RO EBIREHDOELICKIHERELELERE/
Detecting distance between two plates by measuring
capacitance
- RIREIREHNE VOO BB TIE TSy M E, —iRE
=& 188, / High resonant frequency means flat
frequency charactestics.
s AVTUHRE—H )
- 2ROEBIRICMZSEEDEILICKSEEIRIEH DL
12k Y2 K% BEEN Distance between two plates is altered
by applying voltage
- FELAZREBAEELTO, FERERE—DGEICANS ©
h.%/ Large plane is driven, enabling large thin speaker

(5%) K EEmAE—H/ Large plane speaker

Zan1a- y,é!_uis‘rnn@

« E-ARIEZIREISE S/ Vibrates front plane of the monitor

o REIFLELTISEBRFENALGNS/ Piezo-electric
actuator is used.

(B%&)L—Y—< 4% | Laser microphone

—— Window
T TR AE—h
M LDV
! ™\
\
N {
N Eeam Spliter
——
Lm Eﬂ_q':
N " Detector
Ry T 5—%hR % = (&R 2003,
http:/ acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf I LASER

FHECLHRBIRL
¢ L—Y—RTORY:TIVBFILHERERENL,
Detecting by laser. Ideally no “microphone”
- Fy75—H8AR EEELEAE
Doppler effect. Measures density change

- FisatAR. ARRELEAE

Interferometer. Measures distance change



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

(BB)RERE—H

Thermo Speaker

- BUMERTIHRELEE
Heat transfer is fast enough
in a small world.

« BRICKYYa—ILBEELS
gf&l:;éﬂ%%ﬁf%i%ié

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, [ER#0.1kHZ-100kHZ DT
FHENRRE —H—%F1%(2010.6.25)
http://www.nikkan.co.jp/news/photogra
ph/nkx_p20100625.html

AE—HARVIZDEE
Role of speaker box X
T &EOAB(+)08 u@

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

c RYVZADHIRFEEFIALTEFLIETZIER
Box has resonant frequency — Enhance low frequency

o NRRALIEAMT BEOERBOE LR
Bass-reflex type: Enhance certain frequency

TOTATIAXFvoE YT
/ Active Noise Cancelling (Active Noise Control)

By

s DO DELHEDTEHT CETHERIEEHEE
Negative sound cancels external sound.

- BERARIIGEE. BARIEF
Low frequency components are easy to cancel.

o RERIBATEEEGMANEVNEIAEICEER >AYE T+
VIR

Microphone and speaker should be closer. Headphone is ideal

INGARN) YO RE—D
Parametric Speaker

AMZER g Wif/
)
(=

. TMEEEAM FMERL . B R R E
Audible sound is translated to high freq. sound by AM/FM

- RELMEORETRK, TREICRD

Demodulation at boundary between air and object.

BREIEBH TRV AUITIT4T AT LIZEK

Beam can be very narrow—applications for interactive systems

e

http://www.youtube.com/wat
ch?v=jD2VU1VLFX4

LRAD (Long Range Acoustic Device)

SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI
Media Reel 6

o IRSAN)YHIRE—HDIRIE
AL, BEIRLF—FELIC
mIE9



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
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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3. Interactive System
1. Auditory Devices
2. 3D Audio
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4. Auditory sensation and welfare engineering

Ordinary Recording and Playing

{ 2

Record: by two microphones

WHY is it OK? Play: by two speakers

AV 859747 Bl

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

Money solves the problem

Recording: N microphones

Playing: N speakers
5859747 it

Analysis of the situation J

*“Holes” on the wall become numerous.
«Sufficient number of holes destroy the wall
{255 TAI BB

What about Headphone?

{9

Normal Recording

Playing by Headphone

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




Binaural Recording

ummy Head Head

Phone

Perfect Sound Localization,
Because All Three elements are
replayed.
*Temporal Difference
*Amplitude Difference
*Freauencyv Chanae bv Earlobe

Vice Versa

pummy Head : Speakers

A2 859747 Biffitsin

We've heard of something similar...

* Headphone=HMD
» Speakers=Ground Fixed Type Display

A2 B850T AT Bl

Review: HMD and Camera for it.

A8 T AT Bl

Head Tracking

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

+ Headphone system with gyro(angular velocity sensor) is
already commercially available.

Sound Field Reproduction

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

@ sy QEECEED
) | o5 1] §
© CRONC) LR W =
“To 2 4 8
N2 O & O
() I) @ (CRCRCE) Impulse, or chirp
1 L ) signal (that contains
2hOWEDAY K 524 /RER ‘m“e!ff."f,./m:n“ all frequencies)
Put Point source speaker g Microphone is
on the stage. put on the seat.
A 559 T 47 Bt A2 850747 Btk

10



Sound Field Reproduction

Recording at anechoic room

Add the auditorium’s transfer function

A B350 T17 Bl

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

When you have time, | urge you to go to ICC
(NTT Inter-Communication Center @ Hatsudai)

http://www.ntticc.or.jp/

Y35 R XT L/ Surround system
e HR g |
@ — XN B =3 ., g B~

LI IR .

3 ) I ] ‘./LL‘:‘W‘* S R
AV — Ny

e

B — B 222%0FF v Y2V ERYAFLORE—N-RE

¢ 5.1ch, 7.1ch...
- RRE—DWDBYR=ZVTRIL IV ETO IR (FDE
EEZ) ISE L MIEET 5B A TEEKL)
« NHK$ 8 22.2ch
http://www.gizmodo.jp/2006/09/nhk222_1.html

N—=F ¥ )LH Sk Virtual Surround

(perceived image location)

HRIR 3
interpolation

h,\ll—».g}q—b{«';)

i [E—; =
Tyt \

- EE2ETEEOEHNSOEEER
Present locational sound by only two speakers
s AE—H2EDIGE XA M—IBRENBE
2 speakers case, cross-talk should be eliminated

BRI RS £/ Pseudo 3D sound?

EAL

T

/ h \
\\ﬁ{L

B PEole BF v Rl BRI E i EF Y L

 B/SLBREYIVURTDIEITS
From mon-sound, pseudo surround sound can be generated
- R E, EAELLNDF YU RILEITRE—DOEREHIC
Phase reversal by miss-connecting one line
- JIA R TNIETEL) . ERELLIDF v RILEITEAE
BZIZESE S (Fms~#+ms)
Phase shift by delaying one line
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http://www.gizmodo.jp/2006/09/nhk222_1.html
http://www.gizmodo.jp/2006/09/nhk222_1.html

RELHEREDORME
Synthesis of visual and auditory sensations

s MRETEADR—ILOBEHEDLD
Click signal produces collision-reflection feeling

(BE)IHT—U%E . McGurk effect
——pEstEchERLior
UL ONSYTERTIL

|

KREBEROME
Synthesis of gustatory and auditory sensations

s RENFITROY S HEFI
KRECEETS
Crisp sound of potato chips
alters taste

* |G Novel Prize for Nutrition
2008

(BE)VYOYIBREERILTIEE LY . —
YRTL(HE 2002 REKFERRBX) )

ww.alab.t.u-tokyo.ac jp/ pdf

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.

TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System
Auditory Devices

2. 3D Audio
3.

4. Auditory sensation and welfare engineering

1.

Synthesis of Auditory and other sensations

& LEAE T,/ Sound in Welfare Engineering

- HEMEE OHHR—k.~Supporting deaf and mute

— AIRE Attificial inner ear

— AT IHEE ~Artificial pharynx
« RAEEEE DY R—k Supporting visually impared

— BXE 1T~ Sensory substitution

- HEEEEOEEMAIE . Obstacle avoidance ability of the blind
« S DY R—bk.Supporting elderly

— ##EE28 ~Acoustic aid

- BEERE—A

- BEEREQERETADOREYICHEDLNLLSZ. ThE)TIL

EEPNN5))

ANTIRE.Artificial Inner Ear

04 Ay KE=Z

01 %42

03 ¥9r K70ty

BESR R ILAA A IZ50VE B RERIC
MF1=, ~History: Volta first applied
50V inside ear (around 1800).

K5 < 49, RE—=FT0tvy,
#1534l External body:
microphone, speech processor,
transmission coil.

o RS REINIL. TUT . EBES

Internal body: receive coil, amplifier,
electrodes

EIB(E8~22%F. WA(THEASH, B
BEHREERTR. BIcEbYEEL
TRL%. 78 to 22 electrodes are
inserted to cochlea, stimulating
sensory nerves directly.

12


http://www.youtube.com/watch?v=Fke7GWcT5ko
http://www.alab.t.u-tokyo.ac.jp/~yasutoc/papers/sotsuron.pdf
http://www.alab.t.u-tokyo.ac.jp/~yasutoc/papers/sotsuron.pdf
http://www.alab.t.u-tokyo.ac.jp/~yasutoc/papers/sotsuron.pdf

ANIRNE .~ Artificial Inner Ear

A LNHEE.~Artificial pharynx

)

s \<;:$3K ( &
G\ ‘ | :
L

e hicsE s ChIZBIE &7
N TS
e =m) 7N\
\ TRXATRE
wE am

43
ERORE SRTAIRETORS

o WHEAVETHBEOHE -FDTEEIRBE AL
Pharynx is removed for cancer—Vibration cannot be generated
o ALHEEE:REICKEYFEDITEES.
Artificial pharynx: Generate vibration, as a source of voice

AT IEEE .~ Artificial pharynx

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

& {171~ Sensory Substitution 1

Frequency

_— L
i‘*slevao earbuds’

Lefi-Right Scan using .
Sonic Guide Binaural Earphone

BREICLHEERIT
Substitute visual sensation by auditory sensation

BRERT2 MEICKDFEERITSensory Substitution 2
Substitute audotory sensation by tactile sensation

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

Tactile Vocoder

D) METEEEC RKT AT ERS
i fONG T\ SELTRIEIZHHIRT
e H J / Listening by tactile sensation.

Basic idea: Frequency components
G.v. Bekesy(1955) Human Skin ~ &r€ presented to different position of

Perception of Traveling Waves  the skin, just like cochlea.
Similar to Those in the Cochlea
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http://www.youtube.com/watch?v=UQFxkhFiLAM
http://www.secom.co.jp/personal/medical/myvoice.html
http://www.youtube.com/watch?v=I0lmSYP7OcM
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

BREEZEOREEVNE
Obstacle sensation of the visually impaired

s POT47 1224/ Active Sensiong
REFOMEICESEM (TaRT7—23y)
Perceive location by sound “echo” (echolocation)

« N\ T2y /Passive Sensing
FE#EDRE. FROEICKYEMR
[ TER=s- 30 A
Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color

BEMEORTICKDEEYIRM
Obstacle avoidance by presenting acoustic shadow

W@KQ T Efs céf a

N
WE, A%, 5%, BAX . SENFORRICLIR[ERE
DR, BAN—F )T T4E= F12EKK5HX
(200749 A 48M), 2007

Ia[a4— 3> .“Echolocation

\ 4

=

W MUCHOSUCKO com \

EEEOYR— L AR ERE
Supporting elderly: hearing aid and bone conduction

T
s BEREBSETEEEASS
Inner ear is directly vibrated by bone conduction

« BISHE, hEICHESHOIBETHAZEE

Effective if problems are in external ear or middle ear.

SEEDOYR—k 2. REDER
Supporting elderly: speed reduction

[o—"—x=]
===
o |
=
Pk
 se— - %I
£/  e—

HERRER R A
http://www.human.rcast.u-
tokyo.ac.jp/?p=2&pp=0&I=1&r=1114

OEFERLELED (FELIERDEYFIFERALY)
Ordinary, speed reduction changes pitch. By signal processing,
speed reduction while preserving pitch is possible.

http://www.kumikomi.net/archives/20 '-%l
09/08/dsp.php?page=1 i

OEREIEDIZS X TILAA LANE
For mobile phone, the signal processing is done real-time.

RENFSFEFVI .~
Next Class:Middle term mini-test

« ¥53AH A A~ No material can be brought in
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http://www.youtube.com/watch?v=YBv79LKfMt4
http://www.youtube.com/watch?v=YBv79LKfMt4
http://www.youtube.com/watch?v=YBv79LKfMt4
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

