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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
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« R Tympanum
/1 \\\J — [E&.Thickness 0.1mm
- BE%.Diameter 8-9mm
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/Min. Amplitude 0.12 um
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s BEANEBEORSERENAVE—F U RERE
Impedance measurement by reflected sound

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

- B/INBHREHEE ~stapedial reflex
o BRICKELEEANLILEZORBRAEFEDORBOL LTS ((VE—F U R) THRE
Measure tympanum’s impedance while inputting very large sound
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Sensory Complex:

Angular Acceleration, Acceleration, and Sound.

{53ZE D LL{H.~Mechanical Transmission

Air Vibration
Tympanum Vibration

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

oo AN 2

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.
" 2 3 Bones has 1.3x mechanical
= e~ lever

- ’/f# 3. In total, Force is magnified 22x,
while amplitude is reduced.

H34& ~Cochlear Canal = Snail Shape Tube
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EFEEIEBERECE N-XO5N5
The Tube is divided by Basilar Membrane

HEEDIRE Vibration of Basilar Membrane

Frequency Analysis by the Membrane
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* Lower Frequency = Go Deeper
» Frequency is Converted to Spatial Pattern
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Hair Cell on the Membrane

AEMIROEEE)
Hair Cell is Driven by the Membrane
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Mechanical Channel on the Hair Cell

w -
= Azt
N e




NEEMRENAEME

Inner and Outer Hair Cell

Inner Hair Cell: Single Line
+Sensory Nerve is Connected -
*Outer Hair Cell: 3 Lines
+Actuating Nerve is Connected ~~ |
*The role is still mystery.

*One Hypothesis:
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)

nner-
haif galls
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5} EHMia.~Outer Hair Cell (magnified)
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BEEZE M4t~ Otoacoustic Emission, OAE

MRFENEOFERT D SMBFICHITHIRMELTH, BFFICD

B $MIZ.~ Cochlea emits sound by itself, both as a reaction to

external sound, and without external sound.

S EEMIBDTEEI-LDHESN D, Itis due to outer hair cells

FEEROBEDOHIZALGNS, It is used as an examination

tool for auditory system.
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B K # 5B 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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Second Formant Frequency [Hz]
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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

W ms e e
F1T4LTUERER F1(H2)

ARG LT FHo54Y
Spectrum Analyzer

[3] windows Media Player
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Le»~3BE7././Speaking Piano

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

&S EDENE . Perception of Harmonic Structure
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chioZANE TFRITESThERCIERZS

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

Sy VT I7UE AR LERER/ Missing Fundamental

EEENECTH. BEHSORIRTEEZTEMETED

Without basis frequency, we perceive it by harmonic structure.

&

http://www.brl.ntt.co.jp/lllusionForum/a/missingFundamental/ja/in

dex.html
TCDR—=DIFEER - IOV THREELF O TLBDTF VY

SV ITFURAUEILDIGH
Application of Missing Fundamental
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INBIZE —HIFE A K% H LIZ<LY, Small speaker can’t output low freg.

500

200HzA £ T, 100HzDEEEEM EHE. 100HzOEZAE 2 5.
BRTLE FCRBRAE—D DN BGYAE) 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.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

MP3# D EMETIIE R KBEEAY->BRICHCALBNMEEH D,
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

R EE (> =/ \—Fh—>)/ Shepard Tone

- ~

http://www-
antenna.ee.titech.ac.jp/~hira/ho
bby/edu/sonic_wave/sh_tonelin

dex-j.html

Relative anglivuds
5\
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ER N ESF N P X S T AR T O A

Eelatvive frequency

AHAERBBEEZMEL TSI EEFIA, THMIC
FERICERTEEFEEDIENTED

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

0
A P
QE YMO LOOM(1981)

EiBEE L~ Sound Position Localization

- @WHE 0% Difference of two ears
— 20~2kHz B¥fHZ. L1482 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

EREMEMRI—T12T (BRI~
Sound localization and nerve coding (low frequency)
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FHEEESNIZEE > BREMICHBTHOI/IVIIEZS
Nerve activity is phase-locked so that “timing” can be used for
localization.

BREMLHZEI—T17 ERAK)
Sound localization and ner\fgf:oding (High Frequency)
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W= TP LB RISV AME
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As one cycle is shorter than nerve’s

resting period, nerve activity is

3 random and only intensity can be

—_— ——— used for localization.

2 7
Time [rrs)
icn Action Ratantial

BEEMEEBES(HRTF)
Head-Related Transfer Function

Traverser
Anechaic room e

Hoad e '

Movablo
laudspeaker

Glasswool floor L en

* Head Filtering Characteristics are measured.

— Parameters:
— Sound Source Direction (8, y)
— Frequency f
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Dummy Head

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

8 * Expensive ones

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

* Microphone is inside the ears.
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L—E Ta/VBRE—H&T(Y
Moving coil type speaker & microphone

- BRIEEOFIA Utilizing electromagnetic induction.
« ZLRE—AIZALGNLS Frequently used for speaker.

- BESHEZERE, a/ILERE
Ordinary, magnet is fixed, coil is vibrated.

« OALVIFERICES SRIKESNFIEE
As the coil is very light, it can be driven very fast

a- Vi

IVFUHTA RE—H

s OVF BT A4/ Microphone
- 2RO EBIREHDOEILICKIHEREELERE/
Detecting distance between two plates by measuring
capacitance
- RIREIREHNB VOO ARRE TIE TSy MIFE, —iRE
=& 188, / High resonant frequency means flat
frequency charactestics.
« AVTUHRE—A
- 2BOEBIRICMZSEEDEILICKSEEIRIERH DL
12k Y2 KA BEEN Distance between two plates is altered
by applying voltage
- FELAEZREBTEELGS, FEERE—HGZECANS &
N5/ Large plane is driven, enabling large thin speaker

(3%) K EBmAE—H/ Large plane speaker

B RTUA AT @
zavea- ALUESTAR
37 famunee.

. E-ARIE#IREISE S / Vibrates front plane of the monitor

o REIFLELTITEBRFENALGNS / Piezo-electric
actuator is used.

(B8%&)L—Y—< 4% [ Laser microphone

—— Window
T TR AE—h
T Lo
! ™\
\
N {
N Eeam Spliter
————
Lm —=
o . Detector
Ry 7 5—%hR % = (&R 2003,
http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf I LASER

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

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

(BE)RERE—N
Thermo Speaker
s WMERTIHREELSER
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, EiK#R0.1kHz-100kHz DA
FHENRE —H—%F1%(2010.6.25)
http://www.nikkan.co.jp/news/photogra
ph/nkx_p20100625.html

AE—HARVIZDEE
Role of speaker box
T EEDAB(+)08

EONCL

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

c RYVZADHIRFEEFIALTEFLIETZIBR
Box has resonant frequency — Enhance low frequency

o NRALIEAT BEOERBOEEER
Bass-reflex type: Enhance certain frequency

TOTATIAXFvoE YT
/Active Noise Cancelling (Active Noise Control)

B

s A DELHEDETEH T ETHERIEEHEE
Negative sound cancels external sound.

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

o RERIBATEEEGMANEVNEIAEICEER >AYE T+
VIR

Microphone and speaker should be closer. Headphone is ideal

INGAR) YO RE—h
Parametric Speaker

- ﬁ
¢ M l( l‘ I

« AIREEAMFMZEFAL. BEREIRRICHEE
Audible sound is translated to high freq. sound by AM/FM
 EREMAORETREK. AIEEICRS

Demodulation at boundary between air and object.

« BRAESBOHTEWNSIUET9T4T VAT LIZEK

Beam can be very narrow—applications for interactive systems

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

LRAD (Long Range Acoustic Device)

i F
1 B £ SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI
Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

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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Ordinary Recording and Playing

Record: by two microphones

.. 2
WHY IS It OK ) Play: by two speakers

1w

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

Money solves the problem

{ 9
i ! Yl
wi“ii]

Recording: N microphones

Playing: N speakers
A8 T AT Bl

Analysis of the situation J -

*“Holes” on the wall become numerous. ‘

«Sufficient number of holes destroy the wall

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.

28597 4T Bifiksin




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

Pummy Head Speakers

We've heard of something similar...

» Headphone=HMD
» Speakers=Ground Fixed Type Display

Review: HMD and Camera for it.

Head Tracking

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

* Headphone system W|th g?/ro (angular velocity sensor) is
already commer0|ally availal

( ® ©®

g/ O g @)

I @@ O &
Wey T EFRE M ERGET

2chDREDA Y K 5y I EER
P U]

Sound Field Reproduction

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

O ||H ‘“H

L

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

10



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/

(| B sl 5 op B
1]

x
L L -
% ?7 ‘ [ I
IS
g
222ILFFy 22N ER AT LOA Bl

* 5.1ch, 7.1ch...
- RRAE—ANDYRZU ROV E TR (FDE
EHZ) IS CMIEET 5B TERIAL]
* NHK#H D 22.2ch
http://www.gizmodo.jp/2006/09/nhk222 _1.html

N—F ¥ )LYZIF Virtual Sgrrgun;cj

AB | [Hn M
)
S S

BR2MECEBEDBHNSDEEER
Present locational sound by only two speakers
« RAE—H2fHDHEIFXIVARM—IBRENBE

2 speakers case, cross-talk should be eliminated

BRI RS £/ Pseudo 3D sound?

ETL
ol
e \
S 3
g S

BEMAOIC (ot P w2 F L BRI Btz B F L
s B/TLEREYTIOURIFITS
From mon-sound, pseudo surround sound can be generated
- HRE, EAEELLNDF YU RILEITRE—DOEREHIC
Phase reversal by miss-connecting one line
- ARV TR TBL) . EAELLADF o RILEZITRE

BZIZESE S (Fms~#+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

11


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

RELHEREORME
Synthesis of visual and auditory sensations

s MRETEADR—LOBEHEDLD
Click signal produces collision-reflection feeling

(BE)YIH—UME . McGurk effect

.._L!i#ﬂltl!hta.m!l
DutORgLIERTIE

-

KREBEROME
Synthesis of gustatory and auditory sensations

. '37"|~=)’-‘y7’Z0)4j'7*7"7’a"liﬂ$El:$2§?'é
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.

MELHETEOME
Synthesis of tactile and auditory sensations

Parchment-skin illusion: FDBEMMNEIZL>TEIL. BFECTYEDHETLDE

12, ZOBEZLSE THRRE IR TS T HIBETTFORMIES LR &F

AT B,

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

7:—’\JI~0JZEEI BALLY(/0KRUT, Ei‘if(?( S-BROEEEE
BEAYRKRUTRTIHEEIKT SR

itl\l SRRBENLRIGHRDUT VT, http:/ww \Urv co.jp pdf

TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System

Auditory Devices

3D Audio

Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering

fat (IS

& L1EHE TS .~ Sound in Welfare Engineering

- HEMEE OHHR—k.Supporting deaf and mute

— AIRE Attificial inner ear

— ATIIHEEE ~Artificial pharynx
« fAEEEE DY HR—k.Supporting visually impared

— BB 1T~ Sensory substitution

- HEEEEOEEMAE . Obstacle avoidance ability of the blind
« E#h#E DY R—b.Supporting elderly

— ¥EE28 ~Acoustic aid

- BIEERE—AH

- BEBREOBRETHORZYICHEDNDLSIC. ThEUTIL

BA LIZfFES)

12


http://www.youtube.com/watch?v=Fke7GWcT5ko
http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf

ANIRNE . Artificial Inner Ear

o EBRE:RILEHRYIZ50VEERERIC
MMF1=, ~History: Volta first applied
50V inside ear (around 1800).

o RO, RE—F IOy,
#%{S34 )L~ External body:
microphone, speech processor,
transmission coil.

o AR REIML, TUT BB
Internal body: receive coil, amplifier,
electrodes

03 #9vKTOEsY . BiEIX8~22%t. WBFITEASH, B
BEEHREERNE. BIcEbYEEL
TRL%.78 to 22 electrodes are
inserted to cochlea, stimulating
sensory nerves directly.

ANIRNE.Artificial Inner Ear

A LNHEE.~Artificial pharynx

« WHEEA U EFTREOME >FEDTELDIREEZENLZL
Pharynx is removed for cancer—Vibration cannot be generated
+ ALMREE:RBICKYFDTEES.
Artificial pharynx: Generate vibration, as a source of voice

B HE X171,/ Sensory Substitution 1

Frequency

\i\stereo earbuds

Lefi-Right Scan using 5 1ce
Sonic Guide Binaural Earphone

BRICEGHERT
Substitute visual sensation by auditory sensation

A LNHEE.~Artificial pharynx

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

13


http://www.youtube.com/watch?v=UQFxkhFiLAM
http://www.secom.co.jp/personal/medical/myvoice.html
http://www.youtube.com/watch?v=I0lmSYP7OcM

Substltute audotory sensation by tactile sensation

http: www.human.rcést.u-
tokyo.ac.jp/?p=28&pp=0&I1=1&r=1111
Tactile Vocoder

METEEE EXTAT 7 BiRHK
PELTREIZH iR

Listening by tactile sensation.

Eos 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

BERIT2 MRICLSFERKITSensory Substitution 2

REEFTEOESTYNE
Obstacle sensation of the visually impaired

s TOT4T Y/ Active Sensiong
REFOMBICLDEM(TIOF—23aV) ./
Perceive location by sound “echo” (echolocation)

s RyP Tty /Passive Sensing
FAEM#E DRSS, EROEICKYEMR
HRCIEIEENZ]
Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color

Io0%—< 3> /Echolocation

-

=F 1:0EA0L D

RITKBEEYERE
Obstacle avoidance by presenting acoustlc_shadow

H%cg@ 71‘%’&@ »

WE, BT, 1A, #I%K FENTORTICLSRERT
DIETE, BAR/N— 7‘&’)[/')7'}7’4'“““ FE12EARTHI
££(20074:9 A 4&H), 2007,

SEEDOYR— 1 FEREERE
Supporting elderly: hearing aid and bone conduction

. *‘“’E?J&iﬁ'})éﬁr%’éﬁié/
Inner ear is directly vibrated by bone conduction

« BIZHE, hEICHEN HIHBETHAETRE

Effective if problems are in external ear or middle ear.

SEE DY ER—k 2. REDIERE
Supporting elderly: speed reduction

il

BELEELAM
http://www.human.rcast.u-
tokyo.ac.jp/?p=28&pp=08&I=1&r=1114
BEOEYFIFEZLLY)

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

AT
http://www.kumikomi.net/archives/20 %
09/08/dsp.php?page=1

OEFEESEELEH(ELE

OEEFEZEDIHEAILUTILEA LN
For mobile phone, the signal processing is done real-time.
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http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111
http://www.human.rcast.u-tokyo.ac.jp/?p=2&pp=0&l=1&r=1111
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

INF R Mini Test REIRIEET

UTO2TIZ100FLANFRE THREE & Answer all questions within 50 words

B OB DULVTERBAE & Explain role of auricle

S EEO KB DL TERBAE KExplain role of external auditory meatus

. T4V AR —IZ DN TERBAE LExplain Tympanometry

E/NVBHRSHZ DL THBA £ & Explain Stapedial Reflex
NEEEBEOBZ 2DV T & Explain role of basilar membrane.
NEHEMIOEIZIZ DUV TEHRBAE & Explain role of hair cells on the basilar membrane.
HEEMEZ DUV TEREAE & Explain otoacoustic emission

TAHILTUMI DN TEBAE & Explain formant

9. TYYUTTFUEAVBINBRIZDNTEHBE & Explain missing fundamental phenomenon
. SR EREC DU TEBIE & Explain shepard tone

M. BERREDEREMDF: $tB & Explain localization by low frequency sound.
12. BERKEDEREMDF:
13. L FAMDOEFRELIZDLNTERBAE & Explain localization of vertical sound position.
14. BEEEMmE RS- DULVTERBAE & Explain head related transfer function

15. 185 AR wH RE—HIZ DN TERBAE & Explain parametric speaker

16. YA—VERIT DN TEHRBAE &£ Explain McGurk effect

17. ALREIZDULVTERBAE & Explain artificial inner ear.

18. Ta—A4%—3V[ZDLVTERB £ & Explain echolocation

PNoOsLON

Bt & Explain localization by high frequency sound.
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