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Outline of the lecture
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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
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Journey of Sound to the Brain

National Institute on
Deafness and Other
Communication Disorders

https://www.youtube.com/watch?v=eQEaiZ2j90oc




4\ H ./ External Ear
Auri{:lefi~ o :E:/T/AuriCIG

— & _/Collection of sound
— AREHL Directional sensation

.\« 45\Ei& External Auditory Meatus
Ml — HIEE A resonating pipe.
— 2.5-3.5cm =1/4\
— Lowest resonant freq. = 3-4kHz
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(CHI2015) Bodyprint: Biometric User Identification on Mobile
Devices Using the Capacitive Touchscreen to Scan Body
Parts Christian Holz, Senaka Buthpitiya, Marius Knaust

users’ears

B ek Tk BTk Bk e
-1 1-1-1-1°
e 5 5 I B0 e e
= 'l"*_"l'i"\"‘

https://www.youtube.com/watch?v=JrK1wQjh980
TILFZYFHEREICKY B AR EERMUTIT-EOEEELS. 1FICHOREESE
FoaLIZEZ 5 (EEFEBRMICITEORITIEREVEEICILFEEIZEHONTILV)

Body print can be obtained by multi-touch smartphone and used for authentication. Especially, the
shape of ear is the best (historically, it has been used in criminal investigations before fingerprints.)




1 H _ “Middle Ear

« IR Tympanum
— [E#& .~ Thickness 0.1mm
— Ef&.Diameter 8-9mm
— B EER/MRIE
/Min. Amplitude 0.12 um

« H/\F.Ear ossicles (tiny bones)
— ’-)Bs %&’af:s %/Siﬂ%

Malleus, Incus, Stapes

Oval windo — 1§, Amplification

— BTR3NS TR D R4 (R
R 5%) =>15ZEZBZ= .~ Connected
muscle modulate transfer efficiency
(attenuation reflex)

—_ -

Tympanum

iR ; | « Hf%_Eustachian tube

/ — SEEA% . “Connected to throat and

= keeps air pressure



hHIZHITBHDENE,Lever Mechanism at Middle Ear

The Middle Ear

P 7 SR B CIRIA L EEE) 2
¥ e —_— How to drive Fluid by Air?
o - *  Fluid has 4000x more

impedance than Air
(Most energy is reflected)

« Tympanum sizeis 17x
larger than Oval Window.

| « 3 Bones has 1.3x
A% | O mechanical lever

window
 |n total, force is magnified
_E,i‘:,‘:,’;,‘f,, 22X.

Stabilizing ligaments ——

External acoustic meatus ———

Tympanic membrane

Auditory
tube

Ear (Wikipedia)

https://en.wikipedia.org/wiki/Ear Tympanic cavity
(middle ear)
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22~ Examination of Middle Ear

The Middle Ear

Auditory ossicles

Malleus
Incus
‘ Stapes Air pump

. | 220 Hz tone generator
External acoustic meatus ——— \\ window
\ Microphone, recorder -

— Round
| window

Tympanometry

Stabilizing ligaments ——

Tympanic membrane

R Auditory Tympanometry
https://en.wikipedia.org/wiki/Tympanometry

Ear (Wikipedia)
https://en.wikipe Tympaniclz cavity
dia.org/wiki/Ear (middle ear)

« BEANT-BORSFEBRENSAVE—F 2 ZAFETE
Impedance measurement by reflected sound
— Ta42 N/ AR)—Tympanometry
s NREZZEBIELEOFBECENEDREBOLOTI((AVE—F U R)ERE
Measure tympanum’s impedance while changing external air pressure
— B/INEFHREIRE . stapedial reflex

s BRICKEGEEZANLILZDRBRFAZTHEDIREIDOLOLT S(AVE—F U R) THE
Measure tympanum’s impedance while inputting very large sound




RITDIAZE: B DEE) (Hys—R) IZIGC TERIEICIREIDFEE 2
Kurtis G. Gruters, David L. K. Murphy, Cole D. Jenson, David W. Smith, Christopher A. Shera,

and Jennifer M. Groh: The eardrums move when the eyes move: A multisensory effect on the
mechanics of hearing. PNAS2018 http://www.pnas.org/content/115/6/E1309

Middfe ear muscles modulate motion of ossicles; resulting A Experimental design in space B  Experimental design in time
vibrations are transmitted back to eardrum as well as forward . ':"a'vzed range
to cochlea Human timing  200ms ~50MS 250ms
) ?Ig YY) Monkey timing 11-160ms | ! 310-430ms !
& Fixation T I ! 1
it i Pl T T
. Cochlea, unfurled WSSy o] BERR I ERE
icrophone & (L Target o, 0 o P
earbud (speaker) o b e
c i Eye i dalel |
assembly o Human eye movements in space Poston— i gigi Bleiel |
2 - L8484 Y8484 |
n . ' Bl bl ] e b
2 Clicks T200-110-
g 5 "---‘-;:,\&r?’?-"“ (40 ps 65dB) 270mg| _ 160ms
I 0_20 T s T 30 Humans:so%oftrlals
Eardrum Basilar membrane 2 Horiz. eye position (deg) Monkeys:alfals
D Saccades aligned on onset E Saccades aligned on offset
=) L H
ﬁﬁ 20 i ‘E -_ 18
— T =
=i 'y £8 o— ! o
e ~—— :
v i g —12
(D20 i ' a__-18
-20 0 20 40 60 80 100 60 -40 -20 /] 20 40 60
F Ear canal recordings G Ear canal recordings
E—E‘ZS i A n=19ears (16 subjects)
=2
=
=3
@1
Basilar membrane . . . S
Outer hair cells: expansion and contraction &
create vibrations of basilar membrane, = - i : - i
transmitted to eardrum via ossicles g A B T T W

. Time re: saccade onset (ms) Time re: saccade offset (ms)

(from abstract) “These observations suggest that a vision-related process modulates the first stage of hearing. In
particular, these eye movement-related eardrum oscillations may help the brain connect sights and sounds
despite changes in the spatial relationship between the eyes and the ears.”

RENY v 7r—FTRIMICEL T ARICEREAIESZELLTHREER OB X ISTICRITS?

Y- Y- Y N Y-



NE 2« The Internal Ear
Internal Ear

D / | Cristae within ampullae
Semicircular ducts - 1 BﬂﬁZ%(B/\/HL\O):))
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Anterior 2173 nerve
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a — s> Ve \
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B %~ Oval Window ' ’
(FEMSDAN)
IEAZ.~Round Window
Sensory CompIeX' Vestibular duct
: Cochlear duct B Wi
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. : Tympanic duct - L
Acceleration [ —
e Sound Cochlea

- Membranous labyrinth



=&~ Cochlear Canal = Snail Shape Tube

773 BHIEE l
FRER pEcRE L

ARBEERTHIC
{h(E L 7-484

= ERE FUBCRUCRERD 5 _ Ly mERET AN
(Physiology of Behavior) .
https.//www.maruzen- =
publishing.co.jp/item/b294439-h¥ml|




B EFERERRETLETICRYLNS
The Tube Is divided by Basilar Membrane
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Frequency AnaIyS|s by the Membrane

b 100 Hz
e /
IEME SRR =2 \..I..._ l:'-.:ll':."_;".l ,l : D D D H 7
NI o
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T L f#EFL 2 (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy

* Lower Frequency = Go Deeper ousai/index him
* Frequency is Converted to Spatial Pattern




-=sJ-,E_.€HE J: @ ﬁ Eé %H H@ Inner hair cell 2 Ou:;:;;:"
Hair Cell on the Membrane | == =

ectorial membrane

BEDEEE

AT IV R (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy
ousai/index.html
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Mechanical Channel on the Hair Cell

A e

\
\".

HoT LR (Principles of Neural Science)

RDIERREAR https://www.medsi.co.jp/kandel/syousai/index.html
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'ﬁ'%%ﬂﬂ’ﬂt%ﬁf%fftﬂiﬂ’ﬂ Inner and Outer Hair Cell

W =y
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- 1 e S~
S Eﬁ"‘x [ ‘1 .‘? ;
kS J ,.f’-- ; ,'" it ﬁ_l-’. | ] ,.‘ ﬂ ;
mAEES AT / L= TR | N By
PSR v | ol

R
(ROt )
AT ILfaFEFLZ (Principles of
Neural Science)

AT https://www.medsi.co.jp/kandel/sy
(L) ousai/index.html

* Inner Hair Cell: Single Line. Sensory Nerve is Connected
 About 3500. Not connected to tectorial membrane

« Quter Hair Cell: 3 Lines. Actuating Nerve is Connected
« About 12000. Hair tip is connected to tectorial membrane
« Works as actuator to adjust inner hair cell sensitivity. oo
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RNEEMBESN B EME. Inner & Outer Hair Cell
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HoTIL R (Principles of Neural Scielice)
https://www.medsi.co.jp/kandel/syousai/index.i .:m'l_"




BEmE Otoacoustic Em|SS|on OAE

Otoacoustic Emissions

N :
] y i

-

The Anatomy of the Ear

A

= B
w?Y

https://www.youtube.com/watch?v=cIBmtEFNuCo Hearing Test - Otoacoustic Emissions Test

SRFNELBTHET S, NBEFICHTAIRICELTH, BEHFICEEREMIZ, SV E
EHBED;EENZ-LS, / Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound. Due to outer hair cells

REREROBREDEHIZALGHLS, Used as an examination tool. A



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 EERRA BN THESN D,

Sound is analyzed by Frequencies.

3k 4
fil
o~ lel
T 2k
h o
/al
tk lol |
500 F1 [HZ] 1000 >

« 20Hz~20kHz (Higher than 20kHz = ultrasound)
Become worse with aging

— especially upper limit becomes lower.(“Mosquito Noise™)

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



(5%&)Le~RBE 7T /. /Speaking Piano

Speaking Piano
http://www.youtube.com/watch?v=muCPjK4nGY4

Talking Piano
https://www.youtube.com/watch?v=-6e2c0v4sBM




=& EDENE . Perception of Harmonic Structure

/

/

»time

| 1/
AWAWATES S

VERVARV.
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/

%.

We Perceive these sound as the same pitch, altough tone is

different.



I TR AR LR/ Missing Fundamental

111

5.0k
45

40K+

3.5k 4

3.0k

2.5k

HEENECTHL. BERDDREIRTEETZMRETES

Without basis frequency, we perceive it by harmonic structure.

http://www.brl.ntt.co.jp/lllusionForum/a/missingFundamental/ja/index.html q:
CHOR—D IR - BRI DOVNTEEFHO>TLVSDTFIVY .



SO ITFOTAURILDIGE
Application of Missing Fundamental

t

| 4
I

I

I

I

|

Sound Level

|

100 200 300 400 500
Frequency [HZz]

INB ZE—AIHEE KR ZEH LIZ<LY, Small speaker can’t output low freq.

200HzLL E T, 100HzDEBEZRE M ESHE, 100HZDEBENECZ 5,
BRTLE BFICABRAE —HDRENELGYNSL) TEA,

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



BEEBEEDIL

Application of harmonlc structure

FIEZELE-+ L U

i '[v g ~40 | (EEEERE
= > - |
; p‘w 7 - —60
= »’E ;\'—Dﬂ
H" Ij'l LEL
o 100
<,
—100 E-ﬂkl::-p*‘ ﬂﬁkbps 128kbps S By .
Ok 2k 4k 6k 8k EEEﬂ:ék 14k 16k 18k 20k 22k 140 MP3ZE
e Ok 2k 4k 6k Bk 10k 12k 14k 16k 18k 20k 22k

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

MP3EDEHETIEIE B EEEAVF—BARAICRICZALEWNGEEH S,
BAR TE2R/FICIEEIEENDHHICEETFA. BIRBENLE,

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



R EM (S =/\—KFk—>)/ Shepard Tone

~ YMO LOOM(1981)

\%ﬁ

= https://www.youtube.com/watch?v=sP4V6jiNj18

b

L\

Frequency

———

o SN /

Time
ANEDERBIBEZ /NN F— 2 ELTHBELTWASZEZFIA. THMICITERICE
RIPBEZEAIENTES,
Utilizing human perception of spectrum structure, infinitely rising (falling) sauna
can be generated.

>




HiEE{LSound Position Loc Ilzatlon

A mEHEORENRUEERELG B ANIRIL IS ERERALICERE
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s e
§ ll| i.'_"'s,‘ - & oy ‘:
TN dte b b 0 T 40 - = inci
: Ly zanf“‘““vm Y -0 HTIILeEERZE (Principles of

T s S Neural Science)
https://www.medsi.co.jp/kandel/sy
ousai/index.html

- WE®OZ Difference of two ears
— 20~2kHz BfElZ . {1482 . Temporal (Phase) Difference
— 2kHz~ 5#EZ . Amplitude Difference
e FTARDOESL:BENICLEIZERZEIL
Earlobe filters the sound, so that sound tone changes with vertical position.

HEDELMIETAIE, REROBEDEMEEELL
Pure tone localization is impossible. Inexperienced sound is also difficult



BREMEMBEI—TA4VV(IBRERK)
Sound localization and nerve coding (low frequency)

Right Ear

Left Ear

Right Ear Nerve >
I I I Time
Left Ear Nerve >

EREIRIZHE FTHUHBEESNEFY - BREMICHREBOI(IDITNEAL

Nerve activity is phase-locked for low frequency, so the timing can be used for localization.



BREMEMBEI—T120 (GRRKR)
Sound localization and nerve coding (High Frequency)

Right Ear

| | X

Right Ear Nerve

IS
=

Voltage (mV)
o

Action potential (Wikipedia)
https://en.wikipedia.org/wiki/Action p
otential

[
=

—EHDOEENEEO RS EALYE W ZHTUF LITELVEE) -4
LIV IMERGEND THRIFEZITHFEY (25D,
FICERRIEIEEENSWV=H. EEEBEROEEENKRELY,

As one cycle is shorter than nerve’s resting period, nerve activity is random and only

intensity can be used for localization. The high-freq sound is more direct, so sound
pressure difference between the two ears is large.




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



EHFERAE—H&TAY
Moving coil type speaker & microphone

—

1.Magnet

2.Voicecoil . .
Moving Iron Speaker (1870s) 3.Suspension M'Cr0ph0ne_ (W'k|Ped|a) -
https://en.wikipedia.org/wi 4 4.Diaphragm  https:/en.wikipedia.org/wiki/Micr
ki/Moving iron speaker Loud Speaker (Wikipedia) ophone
https://en.wikipedia.org/wiki/Loud EaXk-ONXRSESRIZERO
speaker

ZLRE—HICALLNS, BEFEAZEE, aMILZiREI(L—EY
a4 )LR) (R#EAIEH) , AAIVIEIER 8L, S EREEEN AT &E
Utilizing electromagnetic induction. Ordinary, magnet is fixed, coi’
IS vibrated. The coill is light-weight and, can be driven quickly.



AVT Y RA-AE—7

Step-up transformer

Capacitance type microphone & speaker }

speaker

é Diaphragm

Audio inp

+o
EHT voltage
- Grids or stators
Microphone (Wikipedia) Electrostatic loudspeaker (Wikipedia)
https://en.wikipedia.org/wiki/Microphone https://en.wikipedia.org/wiki/Electrostatic loudspeaker

« OVT BT A%/ Microphone
— 2D EBIREREDEZILICLLHFTFEREL L= H/ Detecting distance between
two plates by measuring capacitance
— HIRBEEBAS WO B TIEI VM, — RIS 48R, / High resonant
frequency means flat frequency charactestics.
¢ AVTUHBRE—S
— 2MDEBIRICMADEEDELIZLSEBIREREDELIZKY EREFRS)/
Distance between two plates is altered by applying voltage

— TEEAEEERREL-6, FEERE—hHLEEIZHWG NS/ Large plane is
driven. enablina larae thin speaker



20—73/747 Piezoelectric speaker/microphone

Piezoelectric Speaker

https://en.wikipedia.org/wiki/Piezoelectric speaker

Crystal microphone or piezo microphone

https://en.wikipedia.org/wiki/Microphone
s EBEZRF(EIV)ZAHAWNERE—HN/"TAT, A2ILDFAT IS L
E T D iETEl

HSETEZRE, FEICNE-ZIENDHD
-—st-lj:_%‘:*”% o

A speaker/microphone that uses a piezoelectric element (piezo). A metal diaphragm
is bent by the expansion and contraction of the piezo to generate sound.
RADIEAV RO A (. &

;H
Used as a contact microphone.

AA)ELTZRSNS.
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NHK for School A{AZEHZHE
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https://www.nhk.or.jp/strl/labo/voice-technoloqgy/




(5&)L—Y—< A% / Laser microphone

i T THNEA Y —H

l—q_

o ——\
#-—

e

i_

|

——s_‘
——

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

FibaH L HIRENE

¢ L—H—XATOBRK YAV BHICLLEBEEBRENILY,

Detecting by laser. Ideally no “microphone”

- FyITS5—R AKX HEEILZRE
Doppler effect. Measures density change
- FiHst AR, KRERELZRE

Interferometer. Measures distance change



(%%)Imﬂ

ald
Porous silicon

)d#
N

=~ —7 Thermo Speaker

Microphone

35 mm /iﬁ]

Al (30 nm)

25 mm

10 um

1 mm

H. Shinoda, T. Nakajima, K. Ueno, and N. A3 L1 4, [EiKE$0.1kHz-100kHz D [ i3
Koshida: Thermally Induced Ultrasonic Emission INRIRE —H—% B $(2010.6.25)

from Porous Silicon , Nature, 400, 853 - 855, http://www.nikkan.co.jp/news/photograph/nk
August 26, 19909. x_p20100625.html

° 1&’]‘&%('3111314"_:&)%%

Heat transfer is fast enough in a small world.

o BRICKYD2—ILEBZELSE, BLLRTEZRLESE S
Joule heat expands air around the device ‘E“ S




AE—hR YOI XD 1% E| Role of speaker box

EE

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

« RYIADHERFHZFALTEFHEEZIER

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




TOT147 /A XF¥+w2t1)2% /Active Noise Cancelling

Noise %
Recora

Playback

W

c ADODBEEFHDEEZHIT ETHRIKEZHE

Negative sound cancels external sound.

- BEKIER/E. SBRKIEEF

Low frequency components are easy to cancel.

« RBRETEBAEGFANEWNIOINEICET >AYR T4V IFEEN

Microphone and speaker should be closer. Headphone is ideal.




INDAR )Y O RE

&

AMZ &R %
@ B

—7./Parametric Speaker

)

RIEERR

http://akizukidenshi.com/catalog/g/gK-02617/

» A[EEZAMFMZEGAL. 5K EREBIZFZEY
Audible sound is translated to high freq. sound by AM/FM

¢ ::;‘ctr‘:%ﬁ-(ﬂ)ﬁﬁf@f&'s af :c\%':Eé

Demodulation at boundary between air and object.

« HBRENMBOTEWNSAUEFVT4TVRTLIZRK

Beam can be very narrow—applications for interactive systems
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LRAD (Wikipedia)
https://en.wikipedia.org/wiki/Long Range Acousti

SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI
Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

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

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

;%%&HJ“J?ZE’-#JG)J%EE{—J%(,\\ Z TR X —EFELRITT




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 NN =



Ordinary Recording and Playing

Record: by two microphones Play: by two speakers

WHY is it OK?

AR




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




Money solves the problem

"y,

Recording: N microphones Playing: N speakers



Analysis of the situation j

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




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.
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HAREEEOMS
Synthesis of visual and auditory sensations

s WHETERADHR—ILDEEHEDS
Click signal produces collision-reflection feeling




XH—N8 . McGurk effect

-:f

Visual “Ga-Ga”’+ Audio “Ba-Ba” -> Sounds like “Da-Da”

Close your eyes -> Ba Ba Open your eyes -> Da Da



RELEROMS
Synthesis of gustatory and auditory sensations

i' [ i

o RTEFFYTRDYIHYIEFEKRRIZEETD
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. T\

,



MREETEOME(1/2)
Synthesis of tactile and auditory sensations

d: € <
« Parchment-skin illusion(F R #ER): FORMMABFIZE>TEER. MFEITYEHLE

TLSHHFC, ZDEBEZEESE THEREICIR T TEIEETFORMAEL,N TR,
I_JEijZImE—C*H IEIL-O

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

© BEI—~YFDEEITHALEYA/OKRUT, BZETICo-RDEZHES . CDT4
NIRRT IRERITDEEIKT o=zl 5. ﬂ

e : 2 RE e ﬁb‘bﬁé%%@')'}"h’( VRE4£ 552005 http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf




MR EETORME(2/2)
Synthesis of tactile and auditory sensations

My teath got
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dry and clean!

Perceived consonance
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/ | ) Comfartable brushing sounds WP A GG PN DT 0 > P
{high-frequency component) LG A M e e
Frequencies of stimuli (Hz)

« WETEOSBER A MEBRRRA=>FRRINGZ AR IMNEHASND
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 MREBERZERICER=>IMEIHIETHRKABEROEICILKYITS

“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,
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FEEHULT . Sound in Welfare Engineering

- EEIHE DY 7R—k .~ Supporting deaf and mute

— NI N E . Atrtificial inner ear

— ANTIHEE.~Artificial pharynx
- HEEEEDYR—L.Supporting visually impared

— BB 1T~ Sensory substitution

— HEEEFEDEZTYAENIE.Obstacle avoidance ability of the blind
. SHhE DY R—bE.Supporting elderly

— ##EEZS ~Acoustic aid

- BEERE—H
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e Cochlea

Electrode

. Cochlear Implant

)

Cochlear implan (wikpedia) https://en.wikipedia.org/wiki/Cochlear_implant
o EBERRILINFZYIZS50VEERNERZAT1=, ~History: Volta first applied 50V
inside ear (around 1800).

o K5 .wA0, RE—FT70tvH, #E{EDA /L. External body: microphone,
speech processor, transmission coil.

« {(KRA:ZEq4/L. 7T . E; B Internal body: receive coil, amp, electrodes

+ BIE8~22%. HFICHASHh, REMBRZEIRRIE. FLLTRELS 7810
22 electrodes are inserted to cochlea, stimulating sensory nerves directly: +




~~ Cochlear implant

www.youtube.com/watch?v=UQFxkhFiLAM

ATIRETEREZ~TEHANDOHE




AN LIHEE ~electrolarynx

BERXALMEEE 27—
http://Iwww.first-
med.co.jp/products/yourto

ne.php

Communication after laryngectomy.mov South East Coast Laryngectomy Support Groups (UK)
https://www.youtube.com/watch?v=R4azcUG6i2IE, https://en.wikipedia.org/wiki/Electrolarynx

« REEA U FTHEDRHE >FDIRELLHRBZENGL
Pharynx is removed for cancer—Vibration cannot be generated

« ANIWREE:#RBNIEYBEDTZES.
Artificial pharynx: Generate vibration, as a source of voice




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

SilentVoice
i

Sound Level

~ This is a demonstrarion of SilentVoice.

https://www.youtube.com/watch?v=t41BtT9V W4
RRUICEDBEANZRE. 2<ENMNIZENTE0N. AN




& {£1T1.Sensory Substitution 1

>
X

camera

Frequency

zteren earbuds

Left-Right Scan using
Sonic Guide Binaural Earphone

vOICe

BRICKHRENALT

Substitute visual sensation by auditory sensation



BREMRIT2 MRICKHIFER 1T Sensory Substitution 2
Substitute auditory sensation by tactile sensation

Norbert Wiener (1949)

T

i ol
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G.v. Bekesy(1955) Human Skin Perception of

I
Traveling Waves Similar to Those in the Cochlea

https://www.jstage.jst.go.jp/article/jasj/31/3/31_KJ00001454074/ pdf/-char/ja
METEEMC AT 77 AR MR TR A iR

Frequency components are presented to different position of the skin, like cochlea.




HREESTEDEZTYINE
Obstacle sensation of the visually impaired

« TOT47t12 Y /Active Sensiong
BEOMBEICESELM(TaRT—23Y)
Perceive location by sound “echo” (echolocation)

« Ny Tt /Passive Sensing
FE#EDES. SRDEILICKYTEL

BEICIKXIEFENF ]

Perceive obstacle by noise reduction (acoustic

shadow) and change of tone color




1/4-—<,3> /Echolocation

n;iw M

-
L

‘“ MUC HZSHEGK@:con

Blind Kid uses Echolocation to "See"
http://Iwww.youtube.com/watch?v=YBv79LKfMt4




RN RIZEAEEYRRE

Obstacle avoidance by presenting acoustic shadow
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SEEDYR— BIE
Supporting elderly: hearing aid and bone conduction

Inner Ear

)
. s Wl E C |
Bone Conduction +I .ER{ a/r ane
Air Conduction —;f:; \4_,
/ |

f

f
/
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\Eustachian
Tube

‘ Middle Ear
Pinna

Eardrum

Bone conduction (Wikipedia) htips://en.wikipedia.org/wiki/Bone _conduction

« BEIREICETEZIEAD

Inner ear is directly vibrated by bone conduction

s BHICHE, FEICH@ENHILHIETRINZRIE

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




Other ideas related to bone conductions

{ '

Insert fingertip
into the ear canal.

Vibration path

Actuator Vibration path
\
Microphone \l
)
User's voice 7
Microphone ORIl Smart Ring: https:/orii.io/
Fukumoto, A Finger-Ring ShapedWearable HANDset based on https://www.youtube.com/watch?v=Xwbn-Dpw_3E
Bone-Conduction, ISWC2005 . . '
https://ieeexplore.ieee.org/abstract/document/1550779 The Bone Fone. Rale ShaCk S

Attempt At Making
Collarbones Musical

By James Grahame
STEREO BREAKTHROUGH

Bone
Fone

A new concept in sound technology
may revolutionize the way we
listen to stereo music.

Imsmlwwmmmoooy
with #inost mpossibie 10 magine.

The Bone Fone was a floppy fabric covered tube that housed an AM/FM radio and two
speakers. It was designed to be warn around the neck like a scarf, with the speakers
resting on your collarbone. The idea, of course, was that sound was transferred

R. SakuragL S. Ikeno, R. Okazaki, H. Kajimoto: CollarBeat: Whole Body directly from the little speakers into your body. | played with one briefly as a kic, Ll

. . . . . . . . can't recollect what it felt or sounded like. It was marketed through Radio Shacki and
Vibrotactile Presentation via the Collarbone to Enrich Music Listening I beginning to wish that Id kept my dad's copies of their catalogs from the early

Experience, ICAT2015 1980s.




(CHI2016) SkullConduct: Biometric User Identification on Eyewear Computers Using
Bone Conduction Through the Skull, Stefan Schneegass, Youssef Oualil, Andreas
Bulling

Integrated bone
conduction speaker

https://www.youtube.com/watch?v=5yG nWocXNY
ZREENSAALTCRIES TH AT 5BIEEDRFEICK>TEAGEEL.




INTF AR Mini Test X [B]lBHI8E T

UTDOETIZ100F LIATEE THEZ &~ Answer all questions within 50 words

©®NOoOORA D~
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HADEZRENZDULTERAE & Explain role of auricle

S EEDJRE|Z DU TERBAE KExplain role of external auditory meatus

T A2 1N AR)—IZDUWVTERBAE KExplain Tympanometry

B/NE#H RS2 DLV TERBAE & Explain Stapedial Reflex

NEREEEDEZIZDLVTERBAE & Explain role of basilar membrane.

NEAEEMBEOEIZIZDULVTERBAE & Explain role of hair cells on the basilar membrane.
BFEKEHZDUVTERBAE & Explain otoacoustic emission

THILI UMD TERBAE & Explain formant

ST IR AR IVIRRIZ DN TERBAE & Explain missing fundamental phenomenon

. EIRE M- DU TERBAE & Explain shepard tone
ABREEREDERELDAEIZDULTEBAE & Explain localization by low frequency sound.
. BREEEDERELMDAEIZDOLTEBAHE & Explain localization by high frequency sound.
. E T AROEFRESRICDOULNTERBAE & Explain localization of vertical sound position.

NG AR )Y RE—HIZDULVTERBAE & Explain parametric speaker
 RA—UMBIZTDONTERAHE & Explain McGurk effect

. ALREIZDULVTERBAHE & Explain cochlear implant.

. IO—A—32[ZDLVTERBAE & Explain echolocation



