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Schedule

#AB/ES/No. #EH/Date WE/Contents pdf video L7R—h@tIH/Report Deadline
1 4/05 ARiEHBISEE /Measuring Human [&)] pdf]12023fFRR videod 4/12
= 4/12 HIEDT- 8RB/ Class cancelled

2 4/19 i#%./Human Vision System [&) pdf] 2023%FkR video&? 4/26
3 4/26 W®Et> 224 /Visual Sensing [&) pdf] 2023%FkR video & 5/3
4 5/10 BB« AT /Visual Display [&) pdf] 2023%FAR video&? 5/17
- 5/17 HIEDT-8DRE/Class cancelled

5 5/24 BER. BR4 497 1x—R /Auditory Interface [&] pdf] 20234FRR video & 5/31
- 5/31 B Dz ikE/Class cancelled

6 6/7 f2%. 888> x—2R Tactile Interface [&) pdf] 20234FkR video & 6/14
7 6/14 R, R4 1x—2R2 /Tactile Interface2 [&] pdf] 2023€FAR video & 6/21
8 6/21 NE. NEA>4H T x—2R /Haptic Interface [&) pdf] 2023%FKR video & 6/28
9 6/28 B8EE 14— XA/ Locomotion Interface [&] pdf] 2023FFkR video & 7/5
= - T EFARE )/ Presentation video upload [&) pdf] - 7/12
- - TP EFASE (1) /Watch group 1 video - - 7/19
- - TLEEFASE (2) /Watch group 2 video - - 7/26
= = TP EFASE (3) /Watch group 3 video - E 8/2

‘\3‘\%



Outline of the lecture

© N Ok ODd~

AEHRIF % Measuring Human

8% _Human Vision System
REt> % ~Visual Sensing

HE T+ RTL A~ Visual Display

BEE . BEE A2 271x—X . Auditory Interface
e fE (271 —X Tactile Interface
hE. hEAR271—X ~Haptic Interface
BENRRE A 47— ~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



Ear Mechanism

Auricle

HiT |I

B E

484 Cochlea

REEE N\ N

HEE Tympanum N
External \:\\

q ™,
auditory e N\

meatus 3 AT IL#a#ER 2 (Principles of

! Neural Science)

| https://www.medsi.co.jp/kandel/sy
ousai/index.html

External Ear Middle Ear Internal Ear
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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

Tympanum

External
auditory
meatus e

91“ H EE e




(CHI2015) Bodyprint: Biometric User Identification on Mobile
Devices Using the Capacitive Touchscreen to Scan Body
Parts Christian Holz, Senaka Buthpitiya, Marius Knaust

users'ears

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

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 | I« HE Eustachian tube

| — SUEFAZE.Connected to throat and
.- / O g keeps air pressure




hHIZHITBHDENE,Lever Mechanism at Middle Ear

The Middle Ear

s ERIRE TR 7
- 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
S mechanical lever

window

 |n total, force is magnified
[, 22x,

Stabilizing ligaments ——

External acoustic meatus —}—

Tympanic membrane

Auditory
tube

Ear (Wikipedia)

https://en.wikipedia.org/wiki/Ear Tympanic cavity
(middle ear)




th H &2 & .~ Examination of Middle Ear

The Middle Ear

Auditory ossicles
Yoo Malleus

0 .‘; . |
P ‘\ Incus
k ‘ oo Ir pump
2 =
o N
»

Tympanometry

Stabilizing ligaments —— =

— Oval

External acoustic meatus ——— window

Tympanic membrane

R Auditory Tympanometry

Ear (Wikipedia
( P ) https://en.wikipedia.org/wiki/Tympanometry

https://en.wikipe
dia.org/wiki/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

Tympanic cavity
(middie ear)




(CHI2021) EarRumble: Discreet Hands- and Eyes-Free Input by Voluntary
Tensor Tympani Muscle Contraction
Tobias Roddiger, Christopher Clarke, Daniel Wolffram, Matthias Budde,

Michael Beigl

CHI 2021, Online Virtual Conference

EarRumble

Discreet Hands- and Eyes-Free Input by Voluntary Tensor
Tympani Muscle Contraction

Tobias Roddiger!, Christopher Clarke?, Daniel Wolffram!, Matthias Budde', Michael Beigl'

' TECO/ Pervasive Computing Systems, Karisruhe Institute of Technology, Karisruhe, Germany
ZInteractive Systems Research Group, Lancaster University, Lancaster, United Kingdom

ST B s

https://www.youtube.com/watch?v=dPTCJ4I1t4CE&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXjfN&index=20

« tensor tympani (BEREFH : BE/NEFHO—D)ZEEICEINEDIADNND, TDANERAD
ANTNAREEREEYZHEOTER

» There are people who can move their tensor tympani (one of the muscles of the ear)
at will. Created an input device for these people using a pneumatic pressure sensor.




HOEE (Y yyr—R) IZICTHIRIZIRBI DA F A 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 Wi ot
to cochlea Mic i left o2 Micinright man timing _200ms ~50ms 250ms
= @‘5""6’6'.‘5‘@ Monkey timing 119-160ms | ! 310-430ms !
& Elg}: om Fixation ; 1 f' : :
it : Bob o3 ot b
Wiacgh & Cochlea, unfurled mSpdit e L CEEEE T
phone (L Target i P
earbud (speaker) Ll £ § ’/_.___
C i Bre_ LS e i
assembly a Human eye movements in space Postien— i gig ! Blpial |
2., : 248
F P Bl kPt Rl il LI
=] Clicks H
B el e s 1200-  110-
% 5| -.‘.::,\&’{,—- (40 ps 65dB) 270ms)| 160ms
[ 0_20 T V- R e o T B Humans:so%oftrlals
Eardrum Basilar membrane 2 Horiz, eye position (deg) Momeysal et
D Saccades aligned on onset E Saccades aligned on offset
=) = H
ﬁﬁ 20 i ‘E - 18
e Egluf 3_12
<l > 88 ob— 1 5
el | ~—— :
W H g — 12
(D20 i ' a__-18
-20 0 20 40 60 80 100 60 -40 -20 /] 20 40 &0
F Ear canal recordings G Ear canal recordings
%25 A n=19 ears (16 subjects) :
=2
=
=3
Basilar membrane . . . S
Outer hair cells: expansion and contraction &
create vibrations of basilar membrane, g . i ' ! i
transmitted to eardrum via ossicles 20 0 0 40 & 80 100 60 4 20 0 0 40 60

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.”

RENF V77— FTRINICEE T HRICERAIESEEDETRERR OB IGHIRITS?

Y- Y- Y N Y-



NE 2« The Internal Ear
Internal Ear

Cristae within ampullae

=i

-~ ‘Z“ =

- 22 (b A FLDS)
Semicircular ducts Utricle Vestibulocochlear
Anterior nerve
Saccule
S i E (3%5)
Posterior: 7

YN Z .~ Oval Window
(FEMNSDAA)

IEAZE.~Round Window
Sensory Com p|ex- Vestibular duct

. Cochlear duct
« Angular Acceleration oeniear e

* Acceleration B oy byrint:
* Sound - Membranous labyrinth

Tympanic duct

Cochlea




=&~ 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- b
publishing.co.jp/item/b2944 39:h¥ml




B EFERERRETLETICRYLNS
The Tube Is divided by Basilar Membrane

‘\
2R B ) \
-~ '_’_,-// ’/' e H'“‘\_\ \\\
} . - (—’-,_:’_/ — \\
//.;-:y_’— '.-. “' ‘\\
S~ ’/ A : . —
i /| . Scala vestibuli
b ™/ “ _7/\\ LAY \"\,
S R = A g R TPF
Reissner's membrane 2 / Scala media
) ‘ oot — JJLFE
./ Organ of Corti
St .?Lu/ - ] J \:': 7 ;’r REE _
R Y /;' / . Scala tympani
i Ar Basnar Membrane
" __f / ’
e | — —_— 3 . .
A [\ hTILERIERIZE(Principles of
Oval Wind N Neural Science)
ve . ';OW AL https://www.medsi.co.jp/kandel/sy
SRR3R }i ousai/index.html
R FR5E 1 - AR £111
.\-\ /X | ?ji%’d :I H-\"\ ,--’i. ™ l - i: |
\"'-c'_”',,j/"‘\ 2 ad b 2 -Dl-l Fq ich 75\ b )\ jj IE Fq ich h\ﬂ *Lé
N F 2o y. i ) e f

=5 '15 ——\NE) A FERE L GKISATEEAE LR =8)
mg | N o .

) R [ 1" Input from Oval Window,
| \ ) 4 E=E terminated at Round Window.

L A (Water volume does not change)
IEMER
Round Window



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
s \ Ly, '.I-"I-"_. Il,-'l..'l_ IIIIII | II. q:‘ fE_J =3 ﬂ ;:,
A 1 &
(AR _.-;'1,-.;3'::2;:::.5 1 D, 000 Hz
o V 4 t@ wik '-'..'l';: I'.ilul i) -
o — gy ®s 3 e
o ‘.\
-|||_}.;|r‘] /.I |
d—= —

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




A Eflfa MY F v LB

Mechanical Channel on the Hair Cell

A e

\
\".

HoT LR (Principles of Neural Science)

RDIERREAR https://www.medsi.co.jp/kandel/syousai/index.html




2

'ﬁ'%%ﬂﬂ’ﬂt%ﬁf%fftﬂiﬂ’ﬂ Inner and Outer Hair Cell

HEEER =y
' ™

- 1 e B
) e | ~
5 ) NPT -

kS J _.-"--.. ,'"I = ﬁ_l". ="\ ﬂ ;

HEEE SEEME - AR R, § el BT PN

SEES ~ b1 %

B | -'-'

R~
(ST

AT ILfaFEFLZ (Principles of
Neural Science)

https://www.medsi.co.jp/kandel/sy
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. Y

LA—TNEhv
(ECHE)
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RNEEMBESN B EME. Inner & Outer Hair Cell

i e U N
N L) .

,t_.ffi.i\h- “

“Quter
hair eel

inner.
. haif gells

s 9

]

H T IL# R 22 (Principles of Neural Sciem@
https://www.medsi.co.jp/kandel/syousai/index.i¥%rm




BEmE Otoacoustic Em|SS|on OAE

Otoacoustic Emissions

NG ‘
R

The Anatomy of the Ear

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

SRENELEETHT S NEHEIIHTAIRIGELTEH, BERICHEE RN, 548
EHBED;EEN-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. O



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
I2k
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



(ﬁ%) anf\%) =7/

[P —— — —
T T AT SRR

i1

- \\\\\\\\mm\umuumm ql‘\“\umI“(‘llll'lill !"!‘u :"l"'mmmmmu

s $ee<iebasdbabbaisisaatistss AENERE LN L

Hello! I am the Talking Piano

Speaking Piano http://www.youtube.com/watch?v=muCPjK4nGY4
Talking Piano https://www.youtube.com/watch?v=-6e2c0v4sBM




(CHI2020) Wearable Microphone Jamming
Yuxin Chen;Huiying Li;Shan-Yuan Teng;Steven Nagels Zhijing
Li;Pedro Lopes;Ben Y. Zhao;Haitao Zheng

(2]

voice v
assistant

gg THE UNIVERSITY OF

/ CHICAGO

wearable jammer

{Do 'g' nal voice

‘" ettt o M
he was in: deep converse . with | the! clerk . and enter | the  hall
e reoorded voice (jammed)

wearable microphone jamming

- -l e . P . inaudible to | 1ans
Yuxin Chen, Huiying Li, Shan-Yuan Teng, Steven Nagels, Zhijing Li, _-20 inaudible to humans
- o
Pedro Lopes, Ben Y. Zhao, Haitao Zheng = leakage due to
T -30 non-linear
= amplification
j=1
E 40 i r.l_‘,U"u"E'i g human voice
0 5k 10k 15k 20k 25k 30k
frequency (Hz)
microcrl;:::girrefanew\ e £ 4 power regulator
signal generatorusw amplifier
ltrasonic transducer ~_ - - -
\\!g;“‘ oY
Ve o

« https://www.youtube.com/watch?v=qogp8b52uQqg

o FUFVIERMBEOBEREMRT . YTV TIZE>TEIRBMN YRS, AIEEgESL
LTEEEHERSND, CNICE>TERDEHREHETT 5, q




(CHI2021) PrivacyMic: Utilizing Inaudible Frequencies for Privacy
Preserving Daily Activity Recognition, Yasha Iravantchi, Karan
Ahuja, Mayank Goel, Chris Harrison, Alanson Sample

PrivacyMic

Utilizing Inaudible Frequencies for
Privacy Preserving Daily Activity Recognition

Yasha Iravantchi, Karan Ahuja, Mayank Goel, Chris Harrison, Alanson Sample

https://www.youtube.com/watch?v=0e3Hbzr7p6l&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXjfN&index=294

ERIEEEDEN L —T DITHDHEICENEFFEZLINRS-=EZ D,
ELVSZET, AIEBOEZHITEY , EARBEDOATEESESHETIT M\ —ICEE
BLI-EFSEEE AT LNE RS,

Investigated how much non-audible sounds can be used to estimate user behavior.

Able to create a privacy-conscious life scene recognition system that does not record
sounds in the audible range and operates only in the non-audible range.



=& EDENE . Perception of Harmonic Structure

/

/

»time

| 1/
AWAWATES S

VERVARV.

\%1 %x

A
NoZ NI TEFRITEIIFNERLIERZS

FE iR 3% iR

/

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 NR:
COR—DFER-BEEICONTFEEF>TLWSDTFIVY .



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.



" YMO LOOM(1981)

N

2 https://www.youtube.com/watch?v=sP4V6;jiNj18

A
>
(&)
c
Q
=
(op
(T //v
P
LL //v
/’ \
>

ANEDERBIBEZ /NN F— 2 ELTHBELTWASZEZFIA. THMICITERICE

RIPBEZEAIENTES,

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



HiEE{LSound Position Loc Ilzatlon

A mEHEORENRUEERELG B ANIRIL IS ERERALICERE
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AT (dB)
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g X e 2, .t
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Y (TR A Q ' -—/:/
S : Sy o™ W0 <G 7T
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 >

EREIRICHE FAUHBEESNEFY - BREMICHREBOI(IUITMEAZL

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



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

Right Ear

I R I R R

Right Ear Nerve

(mV)

Voltage

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

—EAHOERAMEOR L LYEN=OIUF LITELVEE S
AT WNEZGVD THRIEZITHFEYIZE D,
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 . - e
Moving Iron Speaker (1870s) 3.Suspension M'Cmphone. (Wlklpedla) -
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-O/NRFBRIZERL
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.



(UIST2020) Sonoflex: Embroidered Speakers Without Permanent Magnets
Thomas Preindl, Cedric Honnet, Andreas Pointner, Roland Aigner, Joe Paradiso,
Michael Haller

Line level audio signal Amplified AC signal

Vi -
oFW‘ SF_"%%%I i
" -

AMP

Voice coil

@ Gated DCsignal

Bias coil

Sonoflex: Embroidered Speakers Without Permanent Magnets

Thomas Preindl’, Cedric Honnet?, Andreas Pointner’, Roland Aigner’,
Joseph A. Paradiso?, Michael Haller!

'Media Interaction Lab, University of Applied Sciences Upper Austria
MIT Media Lab, Cambridge, Massachusetts, United-States

https://www.youtube.com/watch?v=5coB7Ekreac

« (AR)ICEWNTITAIRE—D, BAEZARELT H=HI2200A(ILIBRET D,

« A loudspeaker that is sewn onto cloth (clothing). Two coils are used to
eliminate the need for magnets. RN




— >7_:>-|j-747 - x :o_jj Electrostatic

Step-up transformer

Capacitance type microphone & speaker }

speaker

é Diaphragm

Audio inp

+0o
EHT voltage
B A— 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—hHLEZEIZHWGN S/ 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
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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, BLLRTEEZRLESE S
Joule heat expands air around the device “*1 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 /\/\/\/\/\/‘
RecoraPIaybaCk

c ADCDELFEHRDEZEHI ETHRIKEEZHE
Negative sound cancels external sound.

- BRRIIFE. SBKIEEF
Low frequency components are easy to cancel.

o REEKIGAFTEBREGFAMNEWNEINREICERIR >AYR T+ (FER
Microphone and speaker should be closer. Headphone is ideal.

o EFIFEREMIZIIRAE—HARYIRENT K57%G1D

The principle is actually similar to “removing” speaker box.

/

TLL]
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INDAR )Y O RE

&

AMZ &R %
FEir=g

—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




INGARN)Y D RAE—H—TIE/ oFEZHT ]
Parametric speaker to “speak out of things”

[_—

_ LA : CORON: RERBBHETI -V MERVAT L, /359723
WA EUSHE DO DB E KEMLV-EEY 25 L CoCo, Ea—<> 2008, pp.37-38, 2008.

AR TT—ARIURY L 2007 http://www.interaction-

https:/slideshowjp.com/doc/279285/%E6%8E %A2%E3%81%97 %ET7 %89 %A9%E6 %94 %AF %E6 %8F %B4 %E3%81%AE %E3%81%9F %E3%82%81%E3%

81%AE%E8%B6%85%E9%9IF %B3%E6%B3%A2%E3%82%92%ET7 %94%A8%E3%81%84%E3%81%9IF HE8%AA%IB%ES5%BO%EE LE3%82%B7 %E3% ipsi _orq/a rch ives/paper2008/i nteractive/0061 /paperOOG 1. pdf

82%B9%E3%83%86%E3%83%A0-coco

RGB-D h A7 _RP2FNT—4 AvEa—%
REZAMI w7
AE—NH— ——

KBt NSAN) D RE—DERWN - DER

thiEfth: AR E —HE AL ZZRETEER T /N1 R MRS HEBRER(2019)

SonalShooter M ERERET(2011) B NSAN)YIRE—DERW- WR%EZERE  hitps:/ipsi.ixsq.nii.ac.jp/ej/?action=repository
http://www.interaction- FOEFLEYATL(2017) action_common_download&item_id=199428
ipsj.org/archives/paper2011/interactive/0221/1LN http://www.interaction- &item no=1&attribute id=1&file no=1

G-7.pdf ipsj.org/proceedings/2017/data/pdf/1-501-08.pdf



(NDSS2020) SurfingAttack: Interactive Hidden Attack on
Voice Assistants Using Ultrasonic Guided Wave

" Generator:

r=J
Google¥Pixell

—

-~

| — -
e -
|
\-

% R L‘ PZIgTran
." - ’,=_ -

e — Laptop

_D eeeee D
i —_—
https://www.youtube.com/watch?v=pQw2zRAqV Guidea wave |2 > —
n | PZT tgnsducer Table
Ultrasonic Wave Area

ERELI-BEREBSENIGIRSE . O LIZB WV =RI—FIAVITBEEFEAALTLES,
The modulated ultrasonic signal is transmitted to a desk, and voice is input to a
smartphone placed on the desk.



(UIST2020) Acustico: Surface Tap Detection and Localization using Wrist-
based Acoustic TDOA Sensing
Jun Gong, Aakar Gupta, Hrvoje Benko

https://www.youtube.com/watch?v=ZyXd3KjNO7A

« FEESICEVY . EZEROT UV ERARS VY ERE, CNIZEoTHYTROERME
ZHTEHRED,

» Sensor at the wrist. Aerial sound sensor and surface vibration sensor are placed. This
allows the position of the sound source at the time of tapping to be estimated. ~ S




(IEEEVR2021) Taizhou Chen, Lantian Xu, Xianshan Xu, Kening Zhu
GestOnHMD: Enabling Gesture-based Interaction on the Surface of Low-cost VR Head-
Mounted Display

multimodal
emboded
imteraction
'IT MARCH - JAPRL - FDF) VERTURAL

GestOnHMD:

Enabling Gesture-based Inteéraction on Low=cost VR Head - |
Mounted Display |
|

Taizhou Chen, Lantiary ¥y, Xlanshan Xu, Kening Zhu

City University of Hong Kong

https://lyoutu.be/ob7y6bms48fc?t=21205

« EIXRFHMDANDEIRM S IRAFY AN, XA IFE->TIITo1=BF%HS,

» Low cost gesture input for low cost HMDs. Use a microphone to pick up rubbing
sounds.




(CHI2022) TriboTouch: Micro-Patterned Surfaces for Low
Latency Touchscreens Craig Shultz, Daehwa Kim, Karan
Ahuja, Chris Harrison

TriboTouch Principle

When two objects slide against each other, friction creates vibrations that are related to:

1. The average spatial wavelengths of the surfaces
2. Thesliding velocity between the objects

We can sense these vibrations with a piezo, and infer information about sliding velocity by knowing
something about the spatial wavelengths
S5um

—> -

https://www.youtube.com/watch?v=LMqg2n3g8Hf0&list=PLghXYFYmZ-VcAoFsLTdH9hF26jsFkvs2B&index=524

Sy FEEIH/NEMMNI—20ZF D BERESELILETHOBIEREZE L., 3VF
REZLEITS

Calculates the speed of finger movement and improves touch accuracy by
applying a minute uneven pattern to the touch screen and generating sound.
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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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Ordinary Recording and Playing

Record: by two microphones Play: by two speakers

WHY is it OK?




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




Money solves the problem

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

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

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



(UIST2021) SoundsRide: Affordance-Synchronized Music Mixing for In-Car Audio
Augmented Reality Mohamed Kari, Tobias Grosse-Puppendahl, Alexander Jagaciak,
David Bethge, Reinhard Schutte, Christian Holz

SoundsRide: Affordance-Synchronized
Music Mixing for In-Car Audio Augmented Reality

Mohamed Kari 72

Tobias Grosse-Puppendahl
Alexander Jagaciak '

David Bethge '

Reinhard Schiitte 2
Christian Holz 3

"Porsche AG

2University of Duisburg-Essen

3Department of Computer Science,
ETH Zurich

BEIEDBCMZ., EITFRICEHLETHEITS
Tailor the background music of the automobile to the driving forecast.

https://www.youtube.com/watch?v=tRgZnFnS6d4&list=PLghXYFYm/Z-
VeKUIuttbQWomTQ-oXF6PLf&index=49




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. S

,



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

© AEI—~YFDEEITHALEYA/OKRU T, BZETICo-RDEZHES . CDT4
NIRRT IRERITDEEIKT o=zl 5. ﬂ

e : 2 RE e ﬁb‘bﬁé%%@')'}"h’( VRE4£ 52005 http://www.brl.ntt.co.jp/people/kitagawa/pdf/399kitagawa.pdf




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

My teath got

e

o
=il
--‘“

dry and clean!

Perceived consonance

O R, N W B U1 O N 00O

||
> | T
—-"'/
N

>
><
B

-'III I I T I I I I | I T T I
;oo 3 PR P G I L I N, - SR, R N R - - -
/ | ) 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



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%. MFICHASHh, 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

Silent\oice
‘

Sound Level

~ This is a demonstrarion of SilentVoice.

https://www.youtube.com/watch?v=t41BtT9V W4

+ BRICKDBEFEANZRZE. 2FEMMIDNGL. A5



(UIST2022) DualVoice: Speech Interaction that Discriminates between Normal and
Whispered Voice Input
Jun Rekimoto

DualVoice:

Speech Interaction that Discriminates between Normal and Whispered Voice Input

Newline, delete, menu ..

Whisper voice commands
recognizer

Whisper / normal voice
classifier

Normal Speech
Recognizer

Speech input

s

Text input
A quick brown fox ...

DuelVisies uses “wispering” fior commencs
winills nermel] veliees are used fior tesd fnpuis.

sy

ors

2022

@' REKIMOTO LA3 _#¥ THEUNIVERSITY OF TOKYO a Sony CSL f.’-‘ lntemer 0}‘ ﬁ;;lns

https://www.youtube.com/watch?v=50n80Jk-2_ Y&list=PLqhXYFYmZ-
VdaPIMTFVH5K5brMDJCIfAn&index=42

BEDEETCXFTEANL, SESPEFETIAVUREANTHILT. BEFERBEFIALLXE
ERDERZEBOREDOBREZMHRRIT OFLLVEFRXGEFEZRE

Proposes a new speech-input method that solves the problems of misrecognition and editing of
documents using speech recognition by using normal speech to input text and whispered
commands.




& {£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



vOICe

n
- ]

http://www.youtube.com/watch?v=I0ImSYP70cM




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

Norbert Wiener (1949)

T

i ol
%fﬂ;ﬁ%

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

Blind Kid uses Echolocation to "See"
http://www.youtube.com/watch?v=YBv79LK{fMt4




RN RIZEAEEYRRE

Obstacle avoidance by presenting acoustic shadow

<

WM : EEOE ORI L5 REREOMEE, B/ —F v
LU?IJ-M?%%QIEM%;%K% oaegree




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
/
/

\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, Lt

. . . . . . . . can't recollect what it felt or sounded like. It was marketed through Radio Shact and
Vibrotactile Presentation via the Collarbone to Enrich Music Listening I beginning to wish that I 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.




INT A —EELRNIZRE

Mini Test: Submit in one week

UTDOETIZ100F LIATEE THEZ &~ Answer all questions within 50 words

©®NOoOORA D~

G O G G G G G (o)
~N o Ok WODN -~ O

HADEZRENZDULTERAE & Explain role of auricle

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

T A2 1N AR)—IZDUWVTERBAE KExplain Tympanometry

B/NE#HRETIZDULTERBAE & Explain Stapedial Reflex

NEREEEDEZIZDLVTERBAE & Explain role of basilar membrane.

NEAE EMBEOEIZIZDULVTERBAE & Explain role of hair cells on the basilar membrane.
BFE ez DUVTERBAE & Explain otoacoustic emission

THILI UMD TERBAE & Explain formant

ST IR AR ILIRRIZ DN TERBAE & Explain missing fundamental phenomenon

. EIREMSIZ DU\ TERBAE & Explain shepard tone
AREEREDERELDAEIZDULTEBAE & Explain localization by low frequency sound.
. BREEDEREMDAEIZDOLTEBAHE & Explain localization by high frequency sound.
. E T AROFRESRICDOULNTERBAE & Explain localization of vertical sound position.

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

. ALREIZDULVTERBAE & Explain cochlear implant.

. IO—A—32[2 DLV TERBAE & Explain echolocation



ERLRN—hRELHEREORMSE
Report: Synthesis of visual and auditory sensations

s BETHRNLEBRZROBMNEM, REFOAZFEEFHIED,
— RELEBERBICV)YIBERLLI-GELBLIEN-HEe RELEERBICEBZANE R
BIGEEANBRALEMGE . D22=AFHTEDISIZHET HMEERT S,
s FHRRKBIENT—FRAIVMFEDATARTEH, ProcessingE okl LIR—FT
FRZzHE. fFFREEBD,

 The red and blue circles are made to move back and forth.

— Observe how they are perceived under the following 2x2=4 conditions: with and without clicking sound
at the moment of intersection, and with and without switching colors at the moment of intersection.

« The environment can be PowerPoint slides, Processing, etc. In the report, includa &
diagram and describe the results (no need to attach the environment used).



