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Outline of the lecture

© NO Ok WDH =

AREHAIFE % Measuring Human
fH& . Human Vision System
B> % ~Visual Sensing
RAET14RT LA~ Visual Display

e R 27 —X . ~Auditory Interface
e filE 22 TJT—X ~Tactile Interface
hE. hEA2 271 —R ~Haptic Interface
BENERE A 47— “Locomotion Interface




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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Ear Mechanism
Hﬁ Auricla

Stapes
Vestibular nerve
Malleus
Cochlear nerve
Cochlea gﬁjq:
Tympanum Round window
. Middle |
External GHFIE  ear Eustachian tube
auditory cavity
meatus
SNEHiE
External Ear Middle Ear Internal Ear

=] T H NE



5H External Ear
fi\uricle:a:ji~

« H4.Auricle
— &3 _/Collection of sound
— HRIE{HL Directional sensation

» #\Hi&.~External Auditory Meatus
— B2 A resonating pipe.
— 2.5-3.5cm = 1/4\
— Lowest resonant freq. = 3-4kHz

Incus

Malleus

Tympanum

External
auditory
meatus P

S EE i




1 H _ “Middle Ear

« IR Tympanum
— E#& .~ Thickness 0.1mm
— B Diameter 8-9mm
— R Ee /MR
7 Min. Amplitude 0.12 um

- E/E.Ear ossicles (tiny bones)
- Ot._)s %&'37"3 %/Siﬁ%

Malleus, Incus, Stapes

Oval windo — 181E.~Amplification

— BRMNMTE: BNE TGS R AT (53
& 5%) = 151ZEZBZ= .~ Connected
muscle modulate transfer efficiency
(attenuation reflex)

—_—

Tympanum

L]

| « H%_Eustachian tube

| — REERA%E . Connected to throat and
/ ' g, keeps air pressure




th Hf& & .~Examination of Middle Ear
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« BT ANERORFERENAVE—F 2 RAZETE
Impedance measurement by reflected sound

— T4 IN AN)— Tympanometry
s NREZEHSE-FEOBBEDIREIDLOTS(AVE—F U R)ZRE

Measure tympanum’s impedance while changing external air pressure

- BE/INEHRERE . stapedial reflex
« RIRICKZLGFZANLELEZDRBERFZHEDRBDOLOTS(AVE—F U R) TRE
Measure tympanum’s impedance while inputting very large sound
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/ Internal Ear

. f Anterior
=¥HE vertical

Semicircular |

C | Posterior Utricle Vestibular nerve
anals vertical \ Saccule Modiolus
Horizontal k /

¢// Cochlgar - ;:::_-1-.
1 g

L — / SCH'E m&ﬂia -
Ampulla i ? ( % e
oo . / _,.J r '11-

INMZ ~ Oval Window o o sl garc R
FMAZ. Round Window ¢—= .

Cochlear panal ~Helicotrema
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i \

Sensory Complex:
Angular Acceleration, Acceleration, and Sound.



153ZE D LL{HA.~Mechanical Transmission

ochlea

Round window

Eustachian tube

o0 RATWN

Air Vibration
Tympanum Vibration

3 Bone Conductions
Oval Window Vibration
(Lymph) Fluid Vibration

(Basilar)Membrane
Vibration



hE(ZHITHIEME,”
Lever Mechanism at Middle Ear

[RE : ZERIREN TRIREEES) 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.




#8454 & .~ Cochlear Canal = Snail Shape Tube

Slapes vibrates agains {
mermbrars behind ozl
wiirel o

Length: about 32mm

# = ‘Gothica straightanad aul
1o show baslar mambrane

A particular regicn of the baslar
rembrane flaxes badck ard farlh

in response 16 saund of 4 padicular
iranpiRnCy
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XYond

The Tube is divided by Basilar Membrane
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F':J,.,\/Round Window



HEIEEDOIRE),~Vibration of Basilar Membrane

B 33 mm

| i
! 1

Tympanic f \\ //““ ?

membrane Round Oval Basilar Helicotrema
window window membrane
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EEETOREKRB 78~
Frequency Analysis by the Membrane

Sound
el
A
2 —
100 Hz
Loww =
frequency 32 )
1000 Hz
Medium e _./‘1
frequency I= =, ————
10,000 H=z
S High -— ==
« frequency TS ) —-
,‘ Complex =
) ) sound 35 = —

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



=EIR EDH EMia
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A EMIRDEEE)

Hair Cell is Driven by the Membrane




A EMREEEMBT v LG

Mechanical Channel on the Hair Cell




REEHR S 4R

Inner and Outer Hair Cell 20880 .

Inner hair calls

Inner Hair Cell: Single Line _
*Sensory Nerve is Connected <. 7 |

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

From superior
olivary complex

*One Hypothesis: rrarans
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)



RNAEEMEEN T EMMEE.Inner & Outer Hair Cell
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=$#ARa.~ Outer Hair Cell (magnified)
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EZ & BT, Otoacoustic Emission ”L_OAE

BN ELEERT S, MEBEICHTARGEL TS, BEEICL

B FR/J1Z.~Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound.
NEEMEEDFEN-LDHESNSD, Itis due to outer hair cells
JEERDBEEDHIZAHWLGNS, It is used as an examination
tool for auditory system.
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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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[& % #5818~ 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




BIXERES RSN THR NS/

Sound is analyzed by Frequencies.
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ET2T7HILTUREREE F2 [Hz]

Amplitude e
Second Formant Frequency [Hz]

w
a8

dl::ilﬂ EDEI HJEIU 10-210 'Ii':iilﬂ 1400
Frequency e F1THILIUNEEE F1 [H]
First Formant Frequency [HZz]

 Ex. Formant

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



ARG LT F24YF
Spectrum Analyzer e
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Lo~RBE7././Speaking Piano



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

=& EDEE Perception of Harmonic Structure

| T AN
/\\/\\/\\/ s S o

l 1.

R Ellﬂiz%z AR
CNBEANE TERGESHNERLIERZS

We Perceive these sound as the same pitch, altough tone is
different.
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w2 TR A3 )LERR/ Missing Fundamental

AEENECTL. BERSTDERTREEFZHMETES

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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http://www.brl.ntt.co.jp/IllusionForum/a/missingFundamental/ja/index.html
http://www.brl.ntt.co.jp/IllusionForum/a/missingFundamental/ja/index.html

SV IR A RILDIEFE
Appllcatlon of Mlssmg Fundamental

10 , T
0k ,'II W-”:’c,..'r'l- J 'l'- | ﬂ . [ ] Ei J
] \ ’!_.i. “ yﬂ g 8 s E
EI |IIL " x = -\_\_\_"‘—\-_
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S [ l < A T
H—20 | ' (1] i
8 | ! H
SEE l{ i
—A) Ll | | ] i I i ] i 1 @ ‘
50 100 200300 500 1k 2k 3k 5k 10k 20k : -
A [He 100 200 300 400 500

&R [Hz ]
INR ZE—AITE R K EH LIZ<LY, Small speaker can’t output low freq.
200HzLL E T 100HzD EEZENE5HE. 100HZOEENEHZZ 5,
BATLE (BICHBARAE—HDOEENELGYLSL) 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.kumikomi.net/archives/2009/09/dsp_1.php

BEEBEDICFE

Application of harmonic structure
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MP3EDEMETIEEREEEAVF—BAICRICALEWNGEEH S,
BAER. TEBTICIIBEBENHSICETFA. BIR#ZILE.

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



http://www.kumikomi.net/archives/2009/08/dsp.php?page=1
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BS (S =/ \—Kbk—>)/ Shepard Tone

http://www-

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

bby/edu/sonic wave/sh tonelin

dex-j.html

(&3

-

Belative frequency

ABDERBEEZMNREL TSI EEFIA. 8IS

HRICEFITHEZEDIENTES

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

QE YMO LOOM(1981)

\g\e«

» S


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 I~ Sound Position Localization

- WH M2 Difference of two ears
— 20~2kHz BRIZE. SLfH8Z . Temporal (Phase) Difference
— 2kHz~ 5&EZ .~ Amplitude Difference

« ETFAMMDEM: ENICLHIEREIE
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: 1—-0.5, f2—-0.5, f3—-0.3, ...

— MEDELLIEFATEE, RBEERODBEDEALLBHELL
Pure tone localization is impossible. Inexperienced sound is
also difficult




BEREMEMEI—TAVT(BARK)
Sound localization and nerve coding (low frequency)

ERREDOSHE E

- ’ EFNENDER
f _ﬁ IcRAEEE A
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‘ T RTDRFAC
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(a)
|
|
A A Wl TlEaly
| ht, {UBEE=
' | niEFEe !

y l

(b) | | |

MHHEESNIZEE - BREMICEHBETEIDIMEUITHIERZS
Nerve activity is phase-locked so that “timing” can be used for
localization.




BREMEMBEI—T1T (BRARK
Sound localization and nerve coding (High Frequency)

S EIREBDER

& A' A frEEE nT
| UV NI

=

(c)
e —EHOBEAEEO RS LY E
: Vi WN=TUE LIEE AT HME
: o B¢ ATV DTHELFHEY (27455
; g | As one cycle is shorter than nerve’s
: oo | Thesno Tﬁﬂfw’fﬁ. resting period, nerve activity is

~-70}- f a&;fﬂjﬁi random and only intensity can be
s used for localization.

Time (ms)
"CSehematic" Action Potential



BE M ZER#(HRTF)
Head-Related Transfer Function

Traverser

Anechoic room

Head rest

N
L |
'/ w
\I Movable
\ loudspeaker
'\
L Y
~ Glasswool floor L ch R ch - /”

« Head Filtering Characteristics are measured.

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

— Frequency f



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.
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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 T IVEBAE—H&IAY
Moving coil type speaker & microphone

BHEEEE O F| A Utilizing electromagnetic induction.
Z<AE—AIZAL b5 Frequently used for speaker.
BEIIEMAZERE, 21 ZIRE)

Ordinary, magnet is fixed, coil is vibrated.

A4 JVIFIER 8L, S FEIKEESI VAT RE
As the coil is very light, it can be driven very fast




AT T AE—7N _—
Capacitance type microphone & speaker

« OVT YT A%/ Microphone

— 2D EBIREHOEILICL S ERELILERE/
Detecting distance between two plates by measuring
capacitance

— HIRFERENES W =OHRIEETIET IV MR, — %Y
ZE14%#E, / High resonant frequency means flat
frequency charactestics.

« AVTUHYRAE—T -
— 2MOEBEBRICMZASEEDEILICELEHBHRIERED L 1L WY | |

2k YZES % EREN/ Distance between two plates is alteredl )
by applying voltage |

— FELAEBHALELD, FEERE—HLECANS ©
N4/ Large plane is driven, enabling large thin speaker .




(%) KRE@mMAE—A/ Large plane speaker

BF«ATLA-817

R UﬁLUESTﬂR@

Y7 I—7 7 452 MEVZIR0/ETT.

E-ARETEZIREISE S / Vibrates front plane of the monitor

IREFELTIFEERZRFENALGNS /| Piezo-electric
actuator is used.




(B&)L—Y—< A% / Laser microphone

P W ind o
y e 2o
i T THEA Y —7
S — \ [
——__—l
h—— .
. ] Beam Spliter
i; Lm >I E _WWW,EI]:
o L - Detector
Fy T o—3hRAK(GER{E2003,
http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf I LASER
FibEt kA IRENMR T

o L—HY—XTORE Y1V BEICLKEIERERENGLY,
Detecting by laser. Ideally no “microphone”
- FyITS—RAK, AEELTRIE
Doppler effect. Measures density change
- FHsTAR. KBREILZAE

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

(%%)/ﬂmxx ’o_jj
Thermo Speaker

. 1&’]‘&5@1'311131}‘_%%52
Heat transfer is fast enough
in @ small world.

» BHISLYDI—LEAEELS
ﬁ%,‘\\l SLBDRTEERAES

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.

HoR 14, BiE$R0.1kHz-100kHzD [
wid /N RE—H—%F$(2010.6.25)
http://www.nikkan.co.jp/news/photogra
ph/nkx p20100625.html



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

AE—hRY O AD1%E!
Role of speaker box

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

« RYVADERFEZFALTEFFIEEZIBR

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




TOTAT/AXRFN )
" Active Noise Cancelling (Active Noise Control)

Noise /\/\/\/\/\/‘
Recolayback

. 9+7b\b0)’a=ta_$ﬁ@%étd?:t’ééﬂ%&(%éiﬁ%
Negative sound cancels external sound.

- BEAREFE, SRRITEF
Low frequency components are easy to cancel.

o REIGFTEBEIGFANEWNEIMNEIZET >ANYRTF
VI ER

Microphone and speaker should be closer. Headphone is ideal.




INDAN )Y RE—H
Parametric Speaker

&

AMZ S %
T

« AIFEEFEZAM/FMZEL. B E KB KB IZFZEY
Audible sound is translated to high freq. sound by AM/FM
ZEREMARODRETRIK. AIETICES
Demodulation at boundary between air and object.

« IERMNBOHTEWVNSAEITIT4T VAT LIZMEK

Beam can be very narrow—applications for interactive systems




oA YHRE



http://www.youtube.com/watch?v=jD2VU1vLFX4
http://www.youtube.com/watch?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 INTANYYHORE—HDRIE
AL, BEIRILTF—%=LIC
RIEXT



http://www.youtube.com/watch?v=iFzPkxIwVXI

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



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
{2859 T 4T B



Analysis of the situation j

*“Holes” on the wall become numerous.
Sufficient number of holes destroy the wall
L BSHT 4T i




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

Speakers



We’'ve heard of something similar...

 Headphone=HMD
« Speakers=Ground Fixed Type Display

"



Review: HMD and Camera for |it.




Head Tracking

 Headphone system 'h' y(ngular velocity sensor) is
already commercially available.

+

(RH—-Lose 1 ol ooy CEEZEED
TV TV
DSP
@é © ®
DSP O D D
&
o

(O—LH{os © 6

BEWH T EF B W< =182
2ch.DBEDAY K b5 vt /REE " il 5BEEE
Ay B RZ w2 D RE|




Sound Field Reproduction

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

A ] fi

L

Impulse, or chirp

signal (that contains
all frequencies) -
Put Point source speaker QE Microphone is

on the stage. put on the seat.




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/



"j'7"7/ > AT Ls/ Surround system

—_—

SW

@ @
| @ { @ [.L R

% @m%m ,

EzhEA (LFE)’

222RIVFF v RIVEE AT LDAE—H—BEE

* 51ch, 7.1ch...

— HERE—NPBYRZU T RS ETOIER (B DF
ERE ) IS I BIEE T 5B A=K )

« NHKEBID22.2¢ch

http://www.gizmodo.jp/2006/09/nhk222 1.html



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

A\

IN—F ¥ I)LY SOk Virtual Surrg,u
{perceived image location) - \1

\
x(t) REEE &

135" EBBHRTF -
kY ES { AFUA (A /=30 ES
W_ 135 BEARIF | ——»

Er E: - 3’\?:“7: ﬁr‘if il
| RE&  (crc) (H)

image coordinates : S o S
, 0, S0R b—5BRE ; AB Hin Hiz
(r,0,¢) | 2 ,\_J\ Y1 Ya]=[Er E] [CD] |:H'.>1H?J:|
I-]R[I_{da];]:ase, X1 X:]
interpolation -
x(® xx(® .
o [E:r Ezl=[Y1 Y]
— h, () HER YLD (T
» D () CTC = H™
(drysome) xa0)

* = ﬁZﬂE’CEE"_.\O)iﬁFﬁb\bO) = E%fﬁ
Present locational sound by only two speakers

« AE—N2DIZFEIFVARMIBRENBLE
2 speakers case, cross-talk should be eliminated




BRI fE - BF v - L FHRYICIE - EF v -0

» BE/TIVEBRETIVURIDEFITS

From mon-sound, pseudo surround sound can be generated

— MMERER, ERELONDF Yo RILIZITRAE—HDFE#REH(C
Phase reversal by miss-connecting one line

- JTAXVITMNGIMETBL)  ERELLMDFYURILEITEAE
Bzl 2B o 5 (Bims~ 21+ ms)
Phase shift by delaying one line



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 wn =



HAREBERDOME
Synthesis of visual and auditory sensations

s

« WHETEADHR—ILOEBEHNEDD
Click signal produces collision-reflection feeling



http://www.youtube.com/watch?v=aFPtc8BVdJk



http://www.youtube.com/watch?v=aFPtc8BVdJk

KRELHEEDME
Synthesis of gustatory and auditory sensations

« RTEFVYTRDYIHIE liﬂﬁkﬁ.k?ﬁfi“?’é
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.



MR EFERDRE(1/2)

Synthesis of tactile and auditory sensations

AL BT
%*'; e Lo~ -r F
- - - 1
LR LRV R

« Parchment-skin illusion(¥ R #E&ER): FORMMNFICL->TELL. MFEZTYE
HETWEEFIC, ZNFEEESE THEREICRT>SFEHIBRETFORMAES
M -EZiR, BB EBETH-ER,

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

o AE—AYFDEEICHALE-YA4/0/KRU T, BEZETKICoEROEZHRE.CO
BENYNRUT IRRTAHEHITKT (o2 Rl 5.

) ZREEENSRBBAEADYT)T4. VREELEE2005 hitp://www.brl.ntt.co.ip/people/kitagawa/pdf/399kitagawa.pdf



http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf

R CFER DS (2/2)
Synthesis of tactile and auditory sensations

|_h

o
—
— |
>

My teath got

dry and clean!

Perceived consonance

O R, N W B U1 Oy N 00O WO
.--"":'
2

-I-,l I I I I I I I I I I
P WP I N N - PR~ PR R T T BN - B - R T
/ | ? Cumf-:;rt.:ible brushing sounds S R G Y .»6)’ .»'\(9 .\?JQ .»hb ,\ﬂo"‘ ,@b‘ ,]9/\ rf?’ ,L‘o'\’ rf?’
(high-frequency component) f . .
grriTequency compo Frequencies of stimuli (Hz)

« HWESEOSREK A MERBER=>NFRBITF HRERIMNRFAINDS
* 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.

- MRELERAREIFGICER>IMEIICHYITSERMEBFREORIZILoKY]TS

« “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
1. Auditory Devices

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

4. Auditory sensation and welfare engineering



B &tk T=.~Sound in Welfare Engineering

. EEIFHFE DY HR—L.Supporting deaf and mute
— NI R E.Atrtificial inner ear
— ANIIHEE.~ Artificial pharynx
- REEEEDYR—L.Supporting visually impared
— BB 1T~ Sensory substitution
— HEEEEDEZYIE. Obstacle avoidance ability of the blind

o EHE DY R—b . Supporting elderly
— F#HEE2S .~ Acoustic aid
- BIEERE—H
- BABREDERMETADEREZYIZEHFELNSLIIZ. CNFEUTIL
BALIZED)




AL

04 Ay EE=ZR

01 =142

/ Artificial Inner Ear

03 ¥ovEFOR Y

RS RIL AW AIZ50VEE AERIC
M +1=, ~History: Volta first applied
90V inside ear (around 1800).

K& . <40, AE—FT0t v,
% {Ea4 )L~ External body:
microphone, speech processor,
transmission coil.

KA : ZEaMIL. TUT . EWB
Internal body: receive coil, amplifier,
electrodes

BB (E8~22%f. 4 (CHEASh, =
RHZEFEIRH. MIEHYTEL
TREL %78 to 22 electrodes are
inserted to cochlea, stimulating
sensory nerves directly.



NI ARH_ ~Artificial Inner Ear

AIREBIIEREOHAN#ELLNEEDODIET,
ZDR2BDLEDFIE., BOITLEHBTELEN S F=-DTT I, NL—=2 T %2 EH.
KOBEEROMNBESIZHE->TEEL=,


http://www.youtube.com/watch?v=UQFxkhFiLAM

A LIHEE,~Artificial pharynx

\{%
CELEH
L-vé 5;,%“; >
KREl (=) Bt AT

CELEK
"nE E

ERORS mﬁTkIﬁETmﬁF

« REES U EFTREDREHE ->FEDITELEHIREIZ/ENZL
Pharynx is removed for cancer—Vibration cannot be generated

o ANIWREE:REN-EYUEDITZEES.

Artificial pharynx: Generate vibration, as a source of voice



A LIHEE,~Artificial pharynx

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



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

& {171~ Sensory Substitution 1

&

>
X

carmera

Frequency

staren earbudz

Left-Right Scan using
Sonic Guide Binaural Earphone

vOICe

ERIZKARERIT

Substitute visual sensation by auditory sensation



vOICe



http://www.youtube.com/watch?v=I0lmSYP7OcM

REKIT2 MREICKDHFER 1T Sensory Substitution 2
Substitute audotory sensation by tactile sensation

4 e ——
. - :,.- : T
- - l -
. . e fghad |/ 2

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

Tactile Vocoder

METEZE BERTATT  BIKE
DL TREIZH MR

Listening by tactile sensation.

Basic idea: Frequency components
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



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

REETADETVINR

Obstacle sensation of the visually impaired

o TOT14T7t1I 2% /Active Sensiong

EEOMRICEKSAEMA(TOO—230)
Perceive location by sound “echo” (echolocation)

« I\ Tt % /Passive Sensing
FB#EEDRERS, ERODEILICKYESR

BEICIXIFENEZ]~

Perceive obstacle by noise reduction (acoustic

shadow) and change of tone color




| |
B

r—<,3> /Echolocation

-

; e @
vl I.-"'?)} [syr .
‘h m HCH Gl ';.!I:-. 1..;.'.-:. fafali)| http://wWw.youtu b ml


http://www.youtube.com/watch?v=YBv79LKfMt4

EBNEDIBTIC L BEEYBRA

Obstacle avoidance by presenting acoustic shadow

*J%ﬂi’ EI’J ZN J:é—uﬁﬁodbiéﬁ HAR/N—F¥

)l/')?'JT'f$ %’12@7(‘%‘5%

egree



SEEDYR— 1 {HEREBTE
Supporting elderly: hearing aid and bone conduction

¢ BEIRISETEZIEZASS
Inner ear is directly vibrated by bone conduction

« BHICHE, REICHENDHLHEIE TR AZTHEE

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




S E DY R—F 2: REDIER
Supporting elderly: speed reduction

anEmyL-L I

i RT SaEse
1 | tyms
: :

SR o Tigs =t

[DULAS | OEETHEY

— /{ﬁ'ﬁ”*'ﬁ” }L E—
—1+

I
|
HHEB L—b HNBEI L4 AT R R E LT A
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

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

OEFEEDIHZEILUTILIALNIE
For mobile phone, the signal processing is done real-time.



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
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NADERATEHLESATLE. SE L3 THEERHERETCHRCEIEREHEORET. L THAOHES ERYT 228 CEHES
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http://www4.nhk.or.jp/atoz/
http://www4.nhk.or.jp/atoz/
http://www4.nhk.or.jp/atoz/

INT A/ Mini Test REIFIRE T

UTDETIZ100F LINFE E THEZEH K~ Answer all questions within 50 words

©® NGO RAE D~

AAAAAAAA—\@
© N U A WN= O

HAD®ENZ DLV TERBAHE & Explain role of auricle

SEEDEE|ZDULVTERBAE KExplain role of external auditory meatus

T 421N/ A —[ZDULVTERBAE KExplain Tympanometry

B/INEHREIZ DLV TERBAE & Explain Stapedial Reflex

NEREEEOESIZDOULVTERAE & Explain role of basilar membrane.

NEAEHEOEEIZDOULVTERBAE & Explain role of hair cells on the basilar membrane.
HEEMEHZ DUV TEREAE & Explain otoacoustic emission

THILI UMDV TERBAE & Explain formant

ST ITUE AVRILERRIZT DL TERBAE & Explain missing fundamental phenomenon

R FRE(CDULVTERBAE & Explain shepard tone

MARREEDBEIRERMDAEIZ DL TERBHE K Explain localization by low frequency sound.
 BRREDEREMMDAEIZDOLTERAYE & Explain localization by high frequency sound.
. ETABEOBFRERIZDUNTEREAHE & Explain localization of vertical sound position.

. BEEMEERI DUV TERBAE & Explain head related transfer function

CINTAR) YO RE—AIZ DUV TERBAHE & Explain parametric speaker

. RA—DUFEIZDULTERBAE & Explain McGurk effect

. AR EIZDUVTERBAE K Explain artificial inner ear.

. TO—A%—232(220TERBAE K Explain echolocation



