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Outline of the lecture
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AMET:8I3E %~ Measuring Human
f8E_Human Vision System
REt> 4 ~Visual Sensing
BHBET1RXT LA~ Visual Display

e, FEE A 427x—X 7 Auditory Interface
e e 27— Tactile Interface
hE . AEA42T1—RX ~Haptic Interface
BERE A 2T71T—X ~Locomotion Interface




TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System
1. Auditory Devices
2. 3D Audio
3. Synthesis of Auditory and other sensations
4. Auditory sensation and welfare engineering
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5 H External Ear
AuricleHﬁ

« H4v.Auricle
— & _/Collection of sound
— ARIEHL Directional sensation

- 4\ Hi& . ~External Auditory Meatus
— HIB¥ A resonating pipe.
— 2.5-3.5cm = 1/4\
— Lowest resonant freq. = 3-4kHz
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1 H _ “Middle Ear

g% IE .~ Tympanum
— E#& .~ Thickness 0.1mm
— E&.Diameter 8-9mm
— MTE A EEmx/MRIE

7 Min. Amplitude 0.12 um

- H/N\E.Ear ossicles (tiny bones)

— DL . ThI-. HBAAF
Malleus, Incus, Stapes

— =i~ Amplification
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— RJEFEE . Connected to throat and
/ v keeps air pressure
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th H#& .~ Examination of Middle Ear
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« BEAN-BEORFERENOAVE—F D RA%ETA
Impedance measurement by reflected sound

— T4 IN/ AR —Tympanometry
« HREZEFSELROBEDIRIDOLOTS(AVE—FUR)ZHRE

Measure tympanum’s impedance while changing external air pressure

- BB RSTEE ~stapedial reflex

o FRICKEGBFEZANLEELEZDFEBRMZFHEDIREDLOLTS(AVE—F U X) TRE
Measure tympanum’s impedance while inputting very large sound
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Sensory Complex:
Angular Acceleration, Acceleration, and Sound.



IEZED LLHA .~ Mechanical Transmission

o U AN BRP

Air Vibration
Tympanum Vibration

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



hE(ZHITHIENE,
Lever Mechanism at Middle Ear

G EXIRB 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.




i34 Cochlear Canal = Snail Shape Tube

Slapes vitrates against
membrane behind ozl
wirdow

/

Length: about 32mm

A - Cochea straipntenad aut
10 show baslar memboane

A particular regicn of the baslar
membrana flaxes back and forth

in response 1o sound of a particular
fraquency



LG

SqEe

LERTLETIC

XY Lnsd

The Tube Is divided by Basilar Membrane
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HEIEEDIRE).~ Vibration of Basilar Membrane
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ERIETOREKE N fE
Frequency Analysis by the Membrane

Sound

e
L 100 Hz
ow -
frequency 32 —
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Medium e s
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Ay 10,000 Hz
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Q.,_ ’/,'.”(v’ / yA frequency :: —Q >
*pyﬂw~"' Complex ——
) ) sound g < .

* Lower Frequency = Go Deeper
* Frequency Is Converted to Spatial Pattern
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A EHMaDERE)

Hair Cell is Driven by the Membrane




A EMA EHEMB T v R ILEE

Mechanical Channel on the Hair Cell




RESEX P C L)

Inner and Outer Hair Cell 088 a

Inner hair cells

eInner Hair Cell: Single Line v/
Sensory Nerve is Connected  suwsen 2% )

*Outer Hair Cell: 3 Lines
Actuating Nerve is Connected -~ 7 1%
*The role is still mystery.

From superio
olivary complex

.One HypOtheSIS (efferent)
Outer Hair Cell works as Actuator to Adjust Hair Cell &

Membrane Relative Position.
v'It vibrates with high frequency, and one cause of “noise in the ear”
(buzzing)
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5\ F EH#kE.~ Outer Hair Cell (magnified)
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Z &R 5T~ Otoacoustic Emission MOAE

MRENBLETHET L, NEEIC *ﬁ’é&ﬁctb’ch mERFICH
B AJ(Z.~Cochlea emits sound by itself, both as a reaction to
external sound, and without external sound.
NEEMIRDFEN-LDHESNS, It is due to outer hair cells
JEERDBEEDEHIZHULGN S, Itis used as an examination
tool for auditory system.




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



BlIR #5818, Frequency Range

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

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




BIXERBSBESNTHRESING S

Sound Is analyzed by Frequencies.
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Amplitude e
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Frequency eeje F1OFWIUEEE F1 [HZ]
First Formant Frequency [HZ]

e EX. Formant

* Vowel is analyzed by “two major peaks”.
— First Formant: 500~ 1000Hz
— Second Formant:1500~3000Hz
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Spectrum Analyzer e S|
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Lo~R5E7././Speaking Piano



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

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

different.
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G IT7F AR ILIRZR Missing Fundamental

Without basis frequency, we perceive it by harmonic structure.
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http://www.brl.ntt.co.jp/IllusionForum/a/missingFundamental/ja/index.html

SV ITFOTAVRILDIGFE
Appllcatlon of I\/Ilssmg Fundamental
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INRZE—AITEFRZH LIZL0LY, Small speaker can’t output low freq.
200HzLL E T, 100HzDfFEZEMNEHE. 100HzZDOEEFHMIE A5,
ERTLE (BFICTHBRAE—HDEFENELGYLASL) TEHRA,

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

1 1:% a) J'L:‘ .

Application of harmonlc structure
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MP3EDEMETIEIE A EEZEAVvcF—BARICEICALGWMGEEH S,
BAR [E2RB/FICIEEIEENHAHICEEXTA. BIREENLE,

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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http://www -
antenna.ee.titech.ac.ip/~hira/ho
bby/edu/sonic wave/sh tone/in

dex-j.html

BR#EEzAMRELTLNDIEZFIA., &I
RICEFITHEZFOENTED

izing human perception of spectrum structure,

Infinitely rising (fallmg) sound can be generated.

YMO LOOM(1981)


http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/sonic_wave/sh_tone/index-j.html

=8 E L~ Sound Position Localization

- W E MO % Difference of two ears
— 20~2kHz B5fElZE . SLf8Z .~ Temporal (Phase) Difference
— 2kHz~ F&EZ ~Amplitude Difference

« FTARDELM:ENIZKEIBEREI
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, ...

— MEDELIEAAIEE, REBRDEDEMLELL
Pure tone localization is impossible. Inexperienced sound is
also difficult




BREMEMEI—T1VU (BRIK)
Sound localization and nerve coding (low frequency)

EERBDEH
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CMAEHEESNIZES > BREMICHIBTEIDAIANIVIIEZD
Nerve activity is phase-locked so that “timing” can be used for
localization.




BREMEMBEI—T 12U (ERK)
Sound localization and nerve coding (High Frequency)

i [E IR D E R

A A (fHBES T
(NSRS
| |
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QI T s —AHOBRRABEORGHEYE
: ] N =T LISEB BRI B
§ o S RBLOTRSEITABYICES
5 g As one cycle is shorter than nerve’s
| _'fnﬁ%%\ resting period, nerve activity is

10 ff’ hi.;;uf:‘a’“l‘? random and only intensity can be

s used for localization.

Time (ms)
“Schematic” Action Potential



BEEMEZEREABM(HRTF)
Head-Related Transfer Function

Anechoic room - Traverser

Head,_@st

N
L |
_ W
\I Movable
\ loudspeaker
'\
|L_77_7_ /,]
~ Glasswool floor  Leh R ch )

|

« Head Filtering Characteristics are measured.

— Parameters:

— Sound Source Direction (8, )

— 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.




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



L—E A IBRE—H &A1Y
Moving coll type speaker & microphone

BILEHE D F| A Utilizing electromagnetic induction.
Z<AE—AIZAWL BN S Frequently used for speaker.

BE(XEAZEE, 21 IILEIRED
Ordinary, magnet is fixed, coil is vibrated.

a4 )LIFIERIZEEL, SRIKERENH AT HE
As the coll is very light, it can be driven very fast

O — 4



aAVTUoYIAT- RE—N
Capacitance type microphone & speaker

P w#w

,5‘*- > |

—\

o O T Y44/ Microphone

— 2D EBIRIEHDELICL LB EREL LT IR/
Detecting distance between two plates by measuring
capacitance

- HIREIRBONES W= RIERIE TIE Ty Mt — &R
ZE48E, / High resonant frequency means flat
frequency charactestics.

« AVTUYRE—H _
— 2HOEBEBRICMASEBEDREILICLLEMHRIERED 2L MY | |

|2 &Y 2 S #EREN/ Distance between two plates is alterediil
by applying voltage |

- FESAEERBEALO, FEEIE—ALECALS ©
f.4/ Large plane is driven, enabling large thin speaker



(%) KFEmEAE—7A/ Large plane speaker

IRENR (7 U PN

EH&?v?a??

LCDZ R 7
LCD/N &N s

W7 ATLA-8147

THE VﬂLUESTf\R@

HREIFELTIXIER

YT I—7 7 152 MEVZIBO/SE"TH,

E-ARIEZIREISE S / Vibrates front plane of the monitor

ERFEMNAHLVLNS /| Piezo-electric

actuator is used.



(BE)L—HY—< A5/ Laser microphone

i T THEA Y —7

— —\
S —)
——— —)
, \
i; Lm >I

Ry 7 S5—3hBRAR(GERM2003,
http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf

W Indow

L

Beam Spliter

M=

B Detector

I LASER

FiHatICk AR

¢ L—HY—RKTORE YMVBEFIZLESERERETINEL,

Detecting by laser. Ideally no “microphone”

- FyITS—RAK MEEILZRE
Doppler effect. Measures density change
- FHEFAR, ABRELCZTRE

Interferometer. Measures distance change


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

(%%)Iﬂmxxto_jj
Thermo Speaker

« UNMERTIHEEDLEE
Heat transfer is fast enough
In a small world.

« BRI J:L)DJ.—)I/,‘\\"&_&._LE"
_u_%,m( CEAETEZRAES

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 L4, BiE$70.1kHz-100kHz D i
i /N RE—H—%FA$E(2010.6.25)
http://www.nikkan.co.jp/news/photoqgra
ph/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

AE—=HARY I ADEE
Role of speaker box
T SEIAB(+)08

.?‘Jf'

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

« MYVADHEFEZFALTEFHEETZER

Box has resonant frequency — Enhance low frequency
o NALITEAT HEDRKRBDEEIEE
Bass-reflex type: Enhance certain frequency



TIOTATIARF Y1)
/~Active Noise Cancelling (Active Noise Control)

Noise /\/\/\/\/\/‘%

Recolayback i

c ADNCDBEFHDEZHI CETHIRIKEZTIEE
Negative sound cancels external sound.

s BERIIFTE. SRRITEF
Low frequency components are easy to cancel.

o REIGFTEBRAEGATAEWLIEINEIZER >NV TF+
IFEER
Microphone and speaker should be closer. Headphone is
ideal.




INDAN )Y RE—H
Parametric Speaker

RE

T gt

4
X
i
S

» AIEEZAM/FMZEERL . B E RE KR ZFZE
Audible sound is translated to high freq. sound by AM/FM

c EXEMIAOFRETRIK., AIEFICRS

Demodulation at boundary between air and object.

« FERIMEAEBHTEWNSAUESVT4T U RT LIZRK

Beam can be very narrow—applications for interactive systems




INS AR H R E —



http://www.youtube.com/watch?v=jD2VU1vLFX4

LRAD(Long Range Acoustic Device)

SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI

Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

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

- /\7>‘I~'J‘17Zl: —H O RE
ERAL, EIRLF—FEIC
(i‘d‘



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 iIs 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
{2 855T 4T Bl



Analysis of the situation j

*““Holes” on the wall become numerous.
Sufficient number of holes destroy the wall
L2855 T 4T Bt




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

ummy Head

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

L



Review: HMD and Camera for It.

I




Head Tracking

O How @l oreer GEIEE
E ; | TV ! TV
© c) (»)
e, D
)
@ 2 © ()
BEWHTETIBOIC SBEER

2ch.DIEEDAY Kb S v F 2/ RIEBE
ANy RSy DHMRE



Sound Field Reproduction

 Auditorium’s sound characteristics is
measured, just like HRTF

A ] e

L

Impulse, or chirp

signal (that contains
all frequencies) .
Put Point source speaker ¢ Microphone is

on the stage. put on the seat.




Sound Field Reproduction

Recording at anechoic room

Add the auditorium’s transfer function



Anechoic Room Experlence

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 @ Hatsudal)
http://www.ntticc.or.jp/



H5k XT7 L/ Surround system

——

} @ i 8 @ [.L AR
% %@ _| .
{EEHZhRA (LFE) fi""""/f@' @7 &

222R)WFF ¥ /RN BEI AT LOAE—H—EE

e 5.1ch, 7.1ch...

- FRAE—NWNBNAZUIROTIVETOHERM (FDE
ERZ) IZIGC-HIEET HEFEMTERK1E

« NHKE®MD22.2¢ch
http://www.qizmodo.jp/2006/09/nhk222 1.html



http://www.gizmodo.jp/2006/09/nhk222_1.html
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U'_
(perceived image location) O
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135" £BBHRTF -

AFUA N /=3 E8
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T 0 135 BEAHRTE | ————»
e
S0R—2 BREBICELD
E: E; m= 3?Fﬂt\ FET
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Y
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HRIR database,
interpolation
x[_(t)

[X: Xzl

-
—c \,

[Bv E2]l=[Y1 Y2]
FANDAI RYRPY fat. 9] Ml b=

—— h, () —>
» hy(t) ———

CTC = H™

(dry source) X,(t)

* = /ﬁZﬂE—CEMU)iﬁFﬁﬁ\bd) =) %%ﬁ
Present locational sound by only two speakers

« AE—H2{DIGZEIFVBRM—UBRENDE
2 speakers case, cross-talk should be eliminated




BLL AT A Z 2/ Pseudo 3D sound?

RN -7 HF v H ERLUANC -/ BEF - F

s B/DIIEBREEYIOURISIFEITS

From mon-sound, pseudo surround sound can be generated

— NMHERER, EREBLDNDF Yo RILEIFTRE—DDHEHRE I
Phase reversal by miss-connecting one line

— A XTI TBL) ERELLIMDFYUoRILEEITEE
Bzl Z B bt 5 (Bms~ 2+ ms)
Phase shift by delaying one line



TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System
1. Auditory Devices
2. 3D Audio
3. Synthesis of Auditory and other sensations
4. Auditory sensation and welfare engineering



RREERTOMS
Synthesis of visual and auditory sensations

s WHRETEGDR—ILDEENEDD
Click signal produces collision-reflection feeling



(BE)IH—IUE8 “McGurk effect

A

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

KELHEEDOME
Synthesis of gustatory and auditory sensations
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o RTEFYTRADBIVH OB EIRRIZEES D
Crisp sound of potato chips alters taste
* 1G 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.



MELETORME(1/2)
Synthesis of tactile and audltory sensations

« Parchment-skin illusion(FEZER): FORMMNSFICLH>TEIL. MFEIIVYE
*)ﬁfb\éﬂ#k TOEEERILSE THRE IR TS B EIERTFORMAREL
75\ EZ: ok o m E 5}ﬁif¥ﬂ'iigigo

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

o AE—AYRDOEEITHALE-YA4/0/KRU T, BEZETCI RO EEZHE. D
BNV RUTRRTAHEEIKT o2 RS

) 2RERENASRIBED) 71)T4. VRESLEE2005 hitp://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa. pdf



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

R CEER DS (2/2)
Synthesis of tactile and auditory sensations
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My teeth got

dry and clean!

Perceived consonance
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/ | ] Comfortable brushing sounds S R G Y .@0’ .»'\(9 .\?JG .»hb ,»‘o"‘ ,@b‘ ,]9/\ ,f;” ,L‘o'\' ,f?’
{(high-frequency component) : : :
") Frequencies of stimuli (Hz)

« WESEOSBERMEERRR=FRRINGZ AR IMNEHRASND
« 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.

- MRELERARIFICER>IMNEIICHATIREHMBEFRDOEICILoKY 195

« “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 &fE@t T~ Sound in Welfare Engineering

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

— NI E . Artificial inner ear

— ANZIMREE.Artificial pharynx
- REEEE DY R—L.Supporting visually impared

— BE {17~ Sensory substitution

— HEEEEDOEEZEYEIE . Obstacle avoidance ability of the blind
- SENE DY R—k.Supporting elderly

— ##EE2S~Acoustic aid

- BEBAE—7

- BATREDERETADEEYIZLEDNESLIIZ. ThETIL

A LIZES)




AIA

AR B RILAHNRAIZS50VEEHNERIC
J o5 1cs H(+1=, ~History: Volta first applied
50V inside ear (around 1800).

/ Artificial Inner Ear

01 =42

o KHNER. <A, RE—FT0tvH,
Z%{E34 )L~ External body:
microphone, speech processor,
transmission coil.

is)

02 Ay KE=RT =7

(1
KRS ZEqMIL. TT . BB
Internal body: receive colil, amplifier,
electrodes

- BBIX8~22%f. tRLICHEA S, K
RERZEZESIRE. KITEEHhYEFEL
TRL%.78 to 22 electrodes are
Inserted to cochlea, stimulating
sensory nerves directly.

03 #9¥ K7y ¥



ANIARE . Artificial Inner Ear

AIREBIIEEROHANLELWNEEDONET,
CDL2BEDEDFIL., OB TELEN>F-DOTTNR, FfL—Z2 T %A
KOEBRRHMNEESIZGE->TEELT -,


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

A LIREE.~Artificial pharynx
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« REEN L EFTREDRHEH->FEDITELLHIREIZ/ENTL
Pharynx is removed for cancer—Vibration cannot be generated

« ANTMHER:#HREBZKYFEDITZEES.
Artificial pharynx: Generate vibration, as a source of voice



A LIREE.~Artificial pharynx

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



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

R {171~ Sensory Substitution 1

&

>
X

camera

Frequency

stereo earbuds

Lett-Right Scan using -,
Sonic Guide Binaural Earphone

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

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

\\% . 3 . -
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http://www.human.rcast.u-
tokyo.ac.ip/?p=2&pp=0&1=1&r=1111

Tactile Vocoder

R CTEZE ERXT7AT7 BN
TELTEEICS T

Listening by tactile sensation.

g Basic idea: Frequency components
G.v. Bekesy(1955) Human Skin @€ 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

HREETEDESTVNER
Obstacle sensation of the visually impaired

o TOT47 122 /Active Sensiong
BEODHMEIZLSEM (TR —23Y)
Perceive location by sound “echo” (echolocation)

« I\ T Y /Passive Sensing
FIEHME DS, EROEILIZKYESL
BEICIEIFENZ] S
Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color
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http://www.youtube.com/watch?v=YBv79LKfMt4

BEMNEDRTICEDETYRA

Obstacle avoidance by presenting acoustic shadow

1‘ J%f& EI’] o = J:é—uﬁﬁ iHR, BAR/N—FF
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SEEDYR— 1 @ERSEBTE
Supporting elderly: hearing aid and bone conduction

 BEETSECEEEAD,

Inner ear Is directly vibrated by bone conduction

s BHICHE, PEICE@ENHIHIETRINZFRIE

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




I_Jlﬂl_\%d)'lj'#\ |‘ 2" L1xo)1ﬁ}ﬁz
Supporting elderly: speed reduction
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http://www.kumikomi.net/archives/20 %I http://www.human.rcast.u-
09/08/dsp.php?page=1 tokyo.ac.ip/?p=2&pp=0&I1=1&r=1114

OERETTELE S (F-IZLEFTDEYFIXEZLLY)
Ordinary, speed reduction changes pitch. By signal processing,
speed reduction while preserving pitch is possible.

OIEFEHENZE(X)TILAA LR
For mobile phone, the signal processing is done real-time.

1Ll



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

INT AL/ Mini Test X[EIFIRET

LUT O£ TIZ100F LINIEE THREH L~ Answer all questions within 50 words

© O NOoO OA WDNRE

L e e o
0w ~NOoO DN WNDNIEREO

BEND&ZENZDUVTEREAHE & Explain role of auricle

NEEDKRE|Z DL TEBAE KExplain role of external auditory meatus

T A2 1N/ AR —IZ DLV TEREAE L Explain Tympanometry

H/NEE RS2 DUV TERBAE & Explain Stapedial Reflex

NERERDOEZ(ZDULNTERBAE & Explain role of basilar membrane.

NEA EMEOEEIZ DL TERBAE & Explain role of hair cells on the basilar membrane.
BFEMEZ DLV TERBAE & Explain otoacoustic emission

THILIUMMIDWNTERBAE & Explain formant

ST ITURAUAIVRZRIZDOWNVTERBAE & Explain missing fundamental phenomenon

. EERE I DULVTERBAE & Explain shepard tone
AEREREDEREMD A EIZDULTEHBAE &K Explain localization by low frequency sound.
. BRREDEREMDAEIZDLTEEAE &K Explain localization by high frequency sound.
. ETAROERELIZDOITERBAE & Explain localization of vertical sound position.

. EEEMEERABI - DULVTERBAE & Explain head related transfer function

CINTAR) YO RE—AIZDNVTERBAHE & Explain parametric speaker
 RA—DFIRIZDWNTERAHE & Explain McGurk effect

. AR E(IZDUTERBAHE K Explain artificial inner ear.

. IO—A4—23 2DV TCERBAE & Explain echolocation



