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Outline of the lecture
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A EEHBIF %~ Measuring Human
f8&_Human Vision System
REt 2% ~Visual Sensing

HE T4 AT A~ Visual Display

e, BEE A4 —X . Auditory Interface
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TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System

Auditory Devices

3D Audio

Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering
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Ear Mechanism
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Journey of Sound to the Brain

National Institute on
Deafness and Other
Communication Disorders

https.//www.youtube.com/watch?v=eQEaiZ2j90c




5 E ~External Ear
Auricleﬁ:ﬁ

« H4Vv./Auricle

— & _/Collection of sound
— A MESL Directional sensation

.\« 5\Hi&E. External Auditory Meatus
— HIEE A resonating pipe.

— 2.5-3.5cm = 1/4A

— Lowest resonant freq. = 3-4kHz

Malleus

Tympanum

External
auditory
meatus

s\ Hig




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

users’ears

o : 1 '-\'-”\‘-"T-\ \
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https://www.voutube.com/watch?v=JrK1inh981‘0
TILFRAYFHEBEICKY BAREEEIHLAT-IEDARTES. $FCEOREFRLE
e b ﬁzé(%ﬁ%‘lﬁiﬂ’ﬂ FEDORIEIERIYBEICIEFEEERICEHLNTL )

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




R H . ~Middle Ear

« IR Tympanum
— E# .~ Thickness 0.1mm
— Ef&.Diameter 8-9mm
— TR se i/ MRIE
/Min. Amplitude 0.12 um

« H/\E . Ear ossicles (tiny bones)

— Db, EhR-. HASAHE
Malleus, Incus, Stapes
ol . Oval windo — 1&g~ Amplification
alleus Ncus - hehe o - —
\ . DR 2= — BRAMNMTR ELVE TGS RS (B55
\ L) l Stapes | [ 4t) ={rE%FHE ~Connected
e\ I muscle modulate transfer efficiency
—= M\ \—_— J\ (attenuation reflex)
Tympanum \ 7 :l':_: el
ﬁﬂ% I"I | [ \ I|.

| | [« HE ~Eustachian tube

| — REEF%E.Connected to throat and
| / keeps air pressure




hEIZET5HDIENE,Lever Mechanism at Middle Ear

The Middle Ear

e 7o SR BN CRIAEERE) 2
. How to drive Fluid by Air?
> —_— «  Fluid has 4000x more

impedance than Air
(Most energy is reflected)

 Tympanum size is 17x
larger than Oval Window.

« 3 Bones has 1.3x
— Oval mechanical lever

window
« |n total, force is magnified
| window 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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&Z& .~ Examination of Middle Ear

The Middle Ear

Auditory ossicles
Malleus

Tympanometry

Incus

Stapes

Stabilizing ligaments — 55—

— Oval

External acoustic meatus —— window

— Round

Tympanic membrane — j indow

pCHony. Tympanometry
https://en.wikipedia.org/wiki/Tympanometry

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

o BT ANEBFEORNEBREMNAVE—F D X%ETE
Impedance measurement by reflected sound
— T4 IN AR)—Tympanometry
c NREZZEESELBORBEOCENEDRIOLOTS(IVE—FUR)ERE
Measure tympanum’s impedance while changing external air pressure
— H/INE A RSIHEE stapedial reflex

« BBEICKRELBFZANLEEZORBERFAZTHEDRIDLOLTS(AVE—F VX)) THEE
Measure tympanum’s impedance while inputting very large sound




(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
2Interactive Systems Research Group, Lancaster University, Lancaster, United Kingdom

SAT s s

https://www.youtube.com/watch?v=dPTCJ4It4CE&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXjfN&index=20

« tensor tympani (BE5RF : BE/NEFD— D) ZEEICENELAN VD, TDONERD
ARNTNAREZEREL Y ZRANTIER

« 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.




HOESE (Hvsr—R) IZIGCCTEIEIZIREI A FEAE 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

Middle 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
to cochlea Micin left g ——aas, MCINGNt L man timing  200ms ~50ms 250ms
= woﬁ'oéag Monkey timing 11D~160rr’s§ + 310-430ms |
¢ ¢ o Fixation __[* T ot :

i Mic?guﬁgrigtut "[ " L= - : l : : : . . !
Microphone & R /é"""‘é\] Tget L, L L AT
earbud (speaker) st A o e

C . Ey\e \ | ol wi A i & } i
assembly g Human eye movements in space Position | EiE! EIEIE! |
E 0 Mocakicica il
3 Clicks —#———4 200110
% Sl ‘-:'-ag,\m;;;ﬁ"" (40 ps 65dB) & 270ms| ‘IFOms
+ 0720 L B [ MR LR Humans: So%uftrlals
Eardrum Basilar membrane = Horiz. eye position (deg) e
D'_ Saccades aligned on onset E Saccades aligned on offset
o ) « H
ié’ 20 | £ — 18
82 o — 1 o
LU — :
@ H g —12
20 : ' 2 18
-20 0 20 40 60 80 100 60 40 -20 1] 20 40 60
F Ear canal recordings G Ear canal recordings
%25 \ n=19ears(16subjects) 35 :
= 2
c
%1]
g 1
Basilar membrane ; : .
Outer hair cells: expansion and contraction ‘%
create vibrations of basilar membrane, 3 - : : ; |
-20 0 20 40 60 80 100 60 40 -20 0 20 40 60

transmitted to eardrum via ossicles 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.”

RENT V7 —FTRIMNIZEL T ARICERAIESZEX S ETHRERM OB NHIRITS?
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N E 2« The Internal Ear
Internal Ear

. Cristae within ampullae

=198

. IIRZ 2 (AL D)
Semicircular ducts Utricle Vestibulocochlear
Anterior s | nerve
accule
Ll Bk E zostun3)
Posterior > //f

INMZ .~ Oval Window
(FEMSDAN)

IEAZ.~Round Window
Sensory Comp|ex- Vestibular duct

. Cochlear duct
»  Angular Acceleration oeniear e

 Acceleration B oy rabyrints
. Cochl
Sound ] Membranous iabyrinth o

Tympanic duct




#B 4% ~Cochlear Canal = Snail Shape Tube
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" (Physiology of Behavior) :
https://www.maruzen- w -
publishing.co.jp/item/b294439. h\ml




HEEFEERTLETIZRYLGNS
The Tube is divided by Basilar Membrang
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AT ILAREELZ (Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy
ousai/index.html

RHZEMN AN, EHENENDS
(KIFEBEIELGL=0)
Input from Oval Window,

terminated at Round Window.

(Water volume does not change)




EEIRTOREKE
Frequency Analysis by the Membrane

' 100 Hz
33 mm { | ‘J l:: : JI'FL%:-. =C_:)

1
| ¥
s

s BB :
IEFIE G BER
NI .
- a™ 10,000 Hz
o II ! PR i
| S AR A =

4..11))])))} ) HaE —<4 —

AT IL#EERIZ(Principles of
Neural Science)
https://www.medsi.co.jp/kandel/sy

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




=EKIE EDF EME

Hair Cell on the Membrane

WD

AT IL#EERIZ(Principles of
Neural Science)

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

Inner hair cell

AT
=i

ectorial membrane

Outer hair cell




A EMRE M T v R ILEE

Mechanical Channel on the Hair Cell

L

N
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HhoT )L #EEF = (Principles of Neural Science)

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




RE EMMEESNF EMMEI Inner and Outer Hair Cell
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AT IL##EFRIZ (Principles of
J Neural Science)
A =T 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.



RNEEMHEENTEMMIT.Inner & Outer Hair Cell
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%T]&E‘I/ Otoacoustlc Em|SS|on OAE

-. L) ' -

External acoustic meatus Tympanic membrane

Otoacoustic Emissions

U _ .
> ! . By
. i : . .‘ b

The Anatomy of the Ear

https://www.youtube.com/watch?v=c9BmtEFNuCo Hearing Test - Otoacoustic Emissions Test
RGN BLBEZTHT D, NMBBEICHITARICELTEH, EERICLEHEMNIC SV E
EMREDEEIZL S, / Cochlea emits sound by itself, both as a reaction to

external sound, and without external sound. Due to outer hair cells
FERROREDE=HIZAHWLGN S, Used as an examination tool. )



TODAY’s TOPIC

1. Ear Mechanism
2. Auditory Perception

3. Interactive System

Auditory Devices

3D Audio

Synthesis of Auditory and other sensations
Auditory sensation and welfare engineering
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BIXERAS SN THNEINDG.S

Sound is analyzed by Frequencies.

3k 4
Jil
o~ lel
IZk
h Jul
- /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
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Hello! I am the T.hlking_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

(a}
voice g
assistant NN
=9 THE UNIVERSITY OF (jammed) | 'r B |
«/ CHICAGO

. ,-:'* smartphone
~ (jammed)

{Do 'g‘ nal voice
; - e b ettt o A
he:was: in .deep . converse . with the: clerk ;| an ter

() recorded voice (jammed)
inaudible ans
leakage due to
non-linear
amplification

wearable microphone jamming

Yuxin Chen, Huiying Li, Shan-Yuan Teng, Steven Nagels, Zhijing Li
Pedro Lopes, Ben Y. Zhao, Haitao Zheng

amplitude (dB)
w
=

40 covering human voice
3 i
0 5k 10k 15k 20k 25k 30k
frequency (Hz)
lithium battery
ontrolle

https://www.youtube.com/watch?v=qogp8b52uOg
° #U#U QIEE.I-HPE\@E% o - A
LTERHEINS, CNICE > TEFDRBEEHET 5.




(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=0e3Hbzr7p6I&list=PLghXYFYmZ-Vdsg4-okDWnptnyAs8HXjfN&index=294

JERIERMEIEDEN L —F DITHMDEEICENZITEADINRAR==>EZ S,
EWVSTET, AIEEDEEHRTE T, EAIEEDOATHESEHETIT S/ —IZE
BLI-AERIGmEE#H S AT LA ET=,

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.



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

different.



) T A3 )LIERZR/ Missing Fundamental

111

5.0k
4.5k 4

4.0k

3.8k 4

3.0k~

25k 4

EEENECTH. BERTDRERTEEETEZMETES

Without basis frequency, we perceive it by harmonic structure.

http://www.brl.ntt.co.jp/lllusionForum/a/missingFundamental/ja/index.html N :
COR—D (IR - ONTEEFO>TVADTFIVY X




SV ITTUF A RIDIGFE
Application of Missing Fundamental

t

! 4
|

|

|

|

|

Sound Level

|

100 200 300 400 500
Frequency [HZ]

INR ZE —AIHEF KR Z H LIZ<LY, Small speaker can’t output low freq.

200HzLL LT, 100HzD B EZENEF5HE, 100HZDEEHFECZ S,
BETLE (BFICABRE—HDFENELGRYHNSL) TERA,

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

_C!
5 5 IRIBZE B+ L~
Z  Ymo4 S e
= =40 ﬁyr!&w g {p T = —60 |
) b ( r!.' N, iy
: — A0 :I W "'”N{JW I-T\'_l—gf_l
g | 160
L W i
—100 I 64kbps | S6kbps 1 128kbps —120 f
Ok 2k 4 Bk Bk 10k 12k 14k 16k 18k 20k 22k ( VP3ER
J&] 3 [ E- - - - -
FliRER [Hz ] Ok 2k 4k Bk Bk 10k 12k 14k 16k 18k 20k 22k

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

MP3ZF D E#ETIEERIKRMEEAYF—BAICECAGWNGEEH S,
BAER 2BEICIXESEBENDHDICEEZFA. BR#MZEILER,

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

"~ YMO LOOM(1981)

N

b7 "5’" https://www.youtube.com/watch?v=sP4V6jiNj18

Frequency

Time

)KF'EEM‘H/&’;&%J_%/\@ /&bf%ﬂEL’CL\é;té’ﬂFﬁ FEMIZITERICLE

Utlllzmg human perception of spectrum structure, infinitely rising (falling) Sl ni
can be generated. \



B E{I~Sound Position Locallzatlon

A BEEBROERFEFIHELCERETEU

B ANSL I ILSERENE L SREL = ol
m _—
2 ,W.fv-!.
§ 720 "
K —40/| :
00~ """'N\T 80 e
1ED/-W/‘”I\ ﬂ 60 EEE (kHz)
140 Amer | Y 40
p L .-':r:. N’J‘\r
" e QJ\ 4
60 </ \ \“_ e 20 |
ﬂ f? i =1 1\} |
80 ...w»NH |:| o b ”}. D /"‘V"/\H‘U | T
i
200~ \ W [ A=V 20 |
&N = 29 }
BT L DT W
| I o : i S = — . .
&, " - s e z‘mw VPoe0 5 L aERL 2 (Principles of
g st i Neural Science)

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

I

- WH®OZ= . Difference of two ears
— 20~2kHz BFfE1ZE. fi¥8Z . Temporal (Phase) Difference
— 2kHz~ s&EZ_~Amplitude Difference
« ETAROEL:ENMIZLKEPERZEIL
Earlobe filters the sound, so that sound tone changes with vertical position.

— MEDOEALIEAFATRE, RERDETDELADELLY
Pure tone localization is impossible. Inexperienced sound is also difficult




BIREMEEMEI—T4VV(BRRK) ~
Sound localization and nerve coding (low frequency)

Right Ear

Left Ear

Right Ear Nerve I I I I I I I I >

I' | I’ Time
Left Ear Nerve

ERRICHITOUEEESNIZES - BREMICHRFTHOIAIIHEAL

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



BREMEMEI—T100 (GRRK) ~
Sound localization and nerve coding (High Frequency)

Right Ear

Right Ear Nerve

B
o

Voltage (mV)
[}

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

o
o

~
o

—HEHODH#F'H%\?H:’EO)TFBEHJ:U%_LL\T_&)7/’5! L(TIEWDEE S
AT PMEZGEV D THRSEITHEY TGS,
FICERKEIEEENSWNV O ZAEEROTEENKEL,

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 sounc
pressure difference between the two ears is large.




TODAY’s TOPIC
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B EEERZE—HRT(Y
Moving coil type speaker & microphone

1.Magnet

| 2 \Voicecoil . N
Moving Iron Speaker (1870s) 3.Suspension Mlcrophone. (W'kl_peC“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 EaXb-ONRFERIZFRLD
speaker

ZCRAE—AICALLNS, BEFEAZERE, 3/ RN(L—EY

JaAAILE) (RDERIEE) , AAIVIXEREICEL, SFKEESI T 8E
Utilizing electromagnetic induction. Ordinary, magnet is fixed, cot!

IS vibrated. The coil 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

Wi e ;
5 w| o F—Wk‘. I
v "

i

AMP

Voice coil

@ . Gated DC signal

Bias coil

GATE

PECRD

Sonoflex: Embroidered Speakers Without Permanent Magnets

Thomas Preind|’, 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

o AR)IRLMIHEIRE—H, HREAFAELT H=-HI22DDaC1IILEERET S,

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




AT T4 - RE—H

Step-up transformer

Capacitance type microphone & speaker E

speaker

é Diaphragm

Audio inp

+0
EHT voltage
—— Grids or stators
Microphone (Wikipedia) Electrostatic loudspeaker (Wikipedia)
https://en.wikipedia.org/wiki/Microphone https://en.wikipedia.org/wiki/Electrostatic loudspeaker

—

« AT YA/ Microphone
— 2O EBIREEDEILICLLHFFERE L L Z & H/ Detecting distance between
two plates by measuring capacitance
— HIRBAFR#ENS W -ORIEEIETIE IV, —iRIIZE 4 8E, / High resonant
frequency means flat frequency charactestics.
e AVTUBRE—N
— 2D EBIRICMASEBEEDEILIZKSEBIRIER D EILIZKY ZE R EERE/
Distance between two plates is altered by applying voltage

— FTHEAZERE RGO, FTEERE—ALGEIZAHLGMN S/ Large plane is
driven. enablina larae thin sbeaker



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

'E?,XI:O—jJ/V’f7 Piezoelectric speaker/microphone

Crystal microphone or piezo microphone
https://en.wikipedia.org/wiki/Microphone

EEEFEIV)ERAWVERE—H/"TA9. A2ILDEAT IS5 L
ZETY DEBETEHIETEZRE, EEIT/NE-ZIENEHD

TIHY—FIZFIA,

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

RAVFIAVFOTA D (R, sTRIH) ELTE

Used as a contact microphone.

iSnd,
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FOEEGOI/NERASOESTES. BiE
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BEEGO>TEEETI. AEEFLSHECE
EFElic. Tl - - ITFLASOES
TH, BEREOE<EADEDS. Laltl\&E
ATEEENTT. IR EELESZITVWBOMT
L&D HICELTLAON,. B85 TV
avx-17:. NHKHBEELZER~YTITI,
EEmho T, T REERNERE
— DETEBITNET, NS EOWNEL. 8%

» 00:35/01:38 o) REOETESEESZET. SEFTF

i = 12 M — o

M (FELSAD)

NHK for School BAZIzH DS
https://www2.nhk.or.ijp/school/movie/clip.cgi?das id=D

0005401124 00000

B b8 1) (s Bl
(EREERESICER)

RSB/ (2
& (FEIETEDYR)

https://www.nhk.or.jp/strl/labo/voice-technology/




(B&)L—HY—< A% / Laser microphone

W ind o
i TUVTHRAE —h
.I —— — \ [
—’—‘
Il ] Beam spliter
||; Lm >I EM
. oW e Detector
vy T o—3xhBRARK(GERM2003,
http://www.acoust.rise.waseda.ac.jp/publicatio
ns/happyou/asj/asj-takizawa-2003march.pdf I LASER

Fisto s HIRBBR L
o L—H—RTORE YA VBEFICLEEmEBENZLY,
Detecting by laser. Ideally no “microphone”
- FyTS—NRAK HBEZILTRIE
Doppler effect. Measures density change

- THEHAN ARERIEZAE

Interferometer. Measures distance change




(5%&);BEEAXE—H Thermo Speaker

ad
Porous silicon

Microphone

35 mm ’F_Zh

Al (30 nm)

25 mm

10 um

1 mm

H. Shinoda, T. Nakajima, K. Ueno, and N. HR L4, [BE%E0.1kHZz-100kHZz D 6 418
Koshida: Thermally Induced Ultrasonic Emission INBRIRE—H—%FH%(2010.6.25)

from Porous Silicon , Nature, 400, 853 - 855, http://www.nikkan.co.jp/news/photograph/nk
August 26, 1999. X_p20100625.html

M/NHATIHEEL SR
Heat transfer is fast enough in a small world.

e BEIZEYS 21— )LEAEELIE BT LBEETEEREIGZ.
Joule heat expands air around the device 2 IS




AE—hRy I XD & Zl Role of speaker box

R

AE—hIRETELSFUNEDEEIZKDITLHEL RN
Positive & negative pressures are sumultaneously produced by speaker.
Box avoid the effect

Y ADHRFEZFIAL TEFHIEEZBR

Box has resonant frequency — Enhance low frequency
INALIBAT HFEDEBRBDEE1E54
Bass-reflex type: Enhance certain frequency




TOT147 /A XF+w2+1)2% /Active Noise Cancelling

e A ay
S

c AL DEEFHDEZH I ETHRIKEZTHE
Negative sound cancels external sound.

- BEERESEE. 8BKIIEF
Low frequency components are easy to cancel.

o RERIGFIEBEGMMEWNEIOINEICER AV T4+ (XEER
Microphone and speaker should be closer. Headphone is ideal.

o E[FREBMIZIFRE—DRYIRENT LIGHD

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




INT AR AE—H .~ Parametric Speaker

http://akizukidenshi.com/cataloqg/q/aK-02617/

» A[IEFEZAMFMZEERL. B8 REKERIZFZE)
Audible sound is translated to high freq. sound by AM/FM

« EREMERORETRIK., AIEEZICRES

Demodulation at boundary between air and object.

e IERIEIMBOTENAE2TITAT VAT LIZEK

Beam can be very narrow—applications for interactive systems
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SEA SHEPHERD
CONSERVATION SOCIETY

OPERATION MUSASHI
Media Reel 6

Sea Shepherd confronts Japanese Whaling Fleet

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

http://lwww.youtube.com/watch?v=iFzPkxlwVXI

LRAD (Wikipedia)
https://en.wikipedia.org/wiki/Long Range Acousti
c_Device

INSAR) O ZAE—HDRE

AW, BIRILTF—2=IRIET




\

INGARN) YO RAE—H—TIE/ N FEEHT )
Parametric speaker to “speak out of things”

i -
B ) IUAfth: CORON: EEMBH B I -1 MRRVAT L, /1225923y
Izt UM IEDO-O OB EREAL-FEXT L CoCo, Ea—TY 2008, pp.37-38, 2008.

N SN o8 . .
ARTT—ARIURY L 2007 http://www.interaction-
https://slideshowjp.com/doc/279285/%E6%8E %A2%E3%81%97 %E7%89%AI%E6%94%AF %EB%BF%B4%E3%81%AE %E3%81%IF %E3%82%81%E3% L. . . .
81%AE %E8%B6%85%E9%IF %B3%E6%B3%A2%E3%82%92%E7%94%A8%E3%81%84%E3%81%9IF %E8%AA%IB%ES%B0%SE%EI%E2%B7%E3% 1PS] ,orq/a rch |VeS/pa per’2008/| nteractive/0061 /pa pe r0061. pdf
82%B9%E3%83%86%E3%83%A0-coco

RGB-D A £ 7 R PLT=R AvEa—2%
NZA MYy I
AE=h— ——

KB NFAN) VI RE—HERAW - DER

chiEfth: ERIMERE —hERW=ZEHERT /N1 R ] w3 B EBAEM(2019)
SonalShooter M E#E#EF(2011) MEf: NSANYIRE—DERW: HREEBRE nttps:/ips.ixsq.nii.ac.jplej/?action=repository
TRAERLEYATL(2017) action_common_download&item_id=199428

http://www.interaction-
ipsj.org/archives/paper2011/interactive/0221/1LN http://www.interaction-
G-7.pdf ipsj.org/proceedings/2017/data/pdf/1-501-08.pdf

&item no=1&attribute id=1&file no=1




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

"~ Generator:

=y
:
GoogleYPixel|

Laptop

ane __Device_ l:l
https://www.youtube.com/watch?v=pQw2zRAqV cuideavimve - -

n I PZT transducer Table

Ultrasonic Wave Area

EREL-BERESENICERIE. MO LICEW=ATY—FIAVIZTBEEFEAALTLES,
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://Iwww.youtube.com/watch?v=ZyXd3KjN07A
FEHRICE Y, ZHOE U ERARD LUV ERE, CNIZE>TEYTEHEDOERAE
THETEHED,
Sensor at the wrist. Aerial sound sensor and surface vibration sensor are placed. Tr‘@ Z
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

multimmodal
emboded
imtoraction
| NERCH - DAPER. - R VERTIREL

GestOnHMD:

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

Taizhou Chen, Lantiar) Xu, Xignahan Xu, Kening Zhu

"
{‘"}’U ] i =

City University of Hang Kong
inpas mjdendg il mlimEm
1 iEEir i UL BT P s

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

« EaXFHMDADEIRM S ZRAFY AN, XM IFE->TIIT o=BFEHED,

» 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. Theaverage 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
Sum

— -

https://www.youtube.com/watch?v=LMg2n3g8Hf0&list=PLghXYFYmZ-VcAoFsLTdH9hF26jsFkvs2B&index=524

Sy FEEIZH/NEM =27 DF  BZRESEALETHEOBEEEZHEH ., 2VF
BEZLETS

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




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

AR

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?

T ﬁ/

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. IS



Vice Versa

Speakers



We’'ve heard of something similar...

« Headphone=HMD
« Speakers=Ground Fixed Type Display

p



Review: HMD and Camera for it.




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

= Y =



HAREBEROMSE
Synthesis of visual and auditory sensations

s WRETEADHR—ILDOEIEHEDS
Click signal produces collision-reflection feeling



<H—9%h8 McGurk effect

[
A’
&

Visual “"Ga-Ga™+ Audi‘o “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 2

Tobias Grosse-Puppendahl '
Alexander Jagaciak

David Bethge

Reinhard Schiitte 2
Christian Holz 3

'Porsche AG

2University of Duisburg-Essen

3Department of Computer Science,
ETH Zdarich

BEIEDBGMZ. ETTTFRICEHLE THREIT D

Tailor the background music of the automobile to the driving forecast.

https://www.youtube.com/watch?v=tRaZnFnS6d4&list=PLghXYFYmZ-
VeKUIuttbQWomTQ-oXF6PL{f&index=49




KELEEOMS
Synthesis of gustatory and auditory sensations

= -

o RTEFVTRDY VP IBEIKRREICEET S
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.



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

4: 4 «
« Parchment-skin illusion(ER#EER): FORMMNBFICL>TEILE. MFEZITUEHLE
TLSHIC, TZOEZXRESE THREICR T8 HIBRERTFORMA B, TR,
S BB TH-ER,

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

« FE—AYFDEFICEALEYA4/O0KRT, BZETICoRDEZHRE. COH4L
~NYRHRUT RRT SHEEITKT o2 R LS. N

I ZREEEMNRBIBED) 7)) T4, VREELEE2005 hitp://www.brl.ntt.co.ip/people/kitagawa/pdf/399kitagawa.pdf




MRELHETDRE(2/2)

Synthesis of tactile and auditory sensations

10

My teeth got )
dry and clean! Q
c

©

c

O

1%2]

c

@]

o

o

Q

=

Q

o

L

L

o

Co mit:;rtahle brushing sounds
{high-frequency component)
X ..#

O P N W B U O ] 00 WL

WERVAVE \
Ay Ay 28
. i M -=-2B-a
PSSP R P PP

Frequencies of stimuli (Hz)

« WETEOSRKMERBGEGR=>TFRRITSZ hRINEFASIND
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 MRLERZRFICER=>IMFIUHEITHBERBEROEICILoKYITS

“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



= EEHIE TS~ Sound in Welfare Engineering

. EENHE DY 7R—b .~ Supporting deaf and mute

— ANTINE . Artificial inner ear

— ANTIIEEE.~Artificial pharynx
. HEEEEDYHR—L.Supporting visually impared

— BE 1T~ Sensory substitution

- HEEEEDOEEYEIE. Obstacle avoidance ability of the blind
« 5t E DY R—k.Supporting elderly

— ##EEZS.~Acoustic aid

- BRERE—7




Cochlea

Electrode

. Cochlear Implant

B,

Cochlear implant (wikpedia) https://en.wikipedia.org/wiki/Cochlear_implant

FER ARILEANRYIZ50VEEBE NER M ITT-, ~History: Volta first applied 50V
inside ear (around 1800).

Kot . <49, RAE=FT7 By, &E{E2A /L. External body: microphone,
speech processor, transmission coil.

AN :ZEaM/L,. 7T . BB~ Internal body: receive coil, amp, electrodes
BABE8~22%f. AFICHBASh, REMBEZESRIE. BLELTRELS.78lo

22 electrodes are inserted to cochlea, stimulating sensory nerves directly. +




NI N E .~ Cochlear implant

www.youtube.com/watch?v=UQFxkhFiLAM
ANIRETEEZ~EEFIBI~DHKE




AN TIIHEE .~ electrolarynx

S —

EHAXAAILINREE 27 b—>
http://lwww.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

« HEEAVETREDHE >FDITELGHIREIZ N
Pharynx is removed for cancer—Vibration cannot be generated

« AILMREE:IRENICKUFDITZEES.
Artificial pharynx: Generate vibration, as a source of voice




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

Baund Level

https://www.youtube.com/watch?v=t41BtT9V_W4
RRUZEDEFEANERE. 2<EMNHDNLL S




(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

B

Text input
A quick brown fox ...

DueVeles uses "Whispering® for commends

w

PP
2022

m‘ REKIMOTO LA3 g THE UNIVERSITY OF TOKYO -t Sony CSL 22 internet of Brains

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

BEODEECXFEANAL, SSOEETAVUREANTHILET. BEERBEIHALE-XE
ER DR OCREDHEZHBRT DFLLVEERGEFEZIRRE

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.




& {171~ Sensory Substitution 1

carera

Frequency

zbereo earbuds

Left-Right Scan using
Sonic Guide Binaural Earphone

vOICe

BRICKAIRERIT

Substitute visual sensation by auditory sensation



“Fam

http://lwww.youtube.com/watch?v=10ImSYP70cM




BRERIT2 MRE(CKDHEER{X1T Sensory Substitution 2
Substitute auditory sensation by tactile sensation

Norbert W 1949 2] [¢]
orbe iener ( ) [ vo-omn |, [8]. [E]
| oms g 3
1460-2400 e §
1 L - B
CYCLES g g
MICROPHONE e 2 L
™
() - —
: 700-1400 g =
-+ ]
({11 = L Q =
= m: .ilg()\‘ VieR
I<1lal ol
19
400-700 Iy /:- LI U Il T
—n— 12 bd 35 A | il
s B |3 LV | v f
| L ! L it |
' |
5 % |
- 0-400 bﬂ\ r-:-é} = \ r:'l
| ovaes 8 g {
L LE | :\ nl
FILTER BANK 300 CYCLE OSCILLATORS Il‘ —1
RECTIFIERS J L
¢ |
HEARING AID FOR THE TOTALLY DEAF .
: & T microphones
rGure 5. Pesigned and buile by Norbert Wienee's oybernetics group at MIT in
1949, the hearing glove reproduced sound patterns as tagtile sensations on the
fin, he dev

|||||

—

Y

ﬁﬁ’?f?ﬁiﬂ?ﬁ

e
] ™ omplifier

e

1 # o
p o - .
“Ifukube (1975) Tactile oGOk
https://www.istage.ist.qo.ip/article/iasi/31/3/31 KJ00001454074/ pdfl-charia  1raveling Waves Similar to Those in the Cochlea

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

METEZE ERXTAT7 BRADBELTREICH MR

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



RHEEE OBEYMHY

Obstacle sensation of the visually impaired

o TOT47 122 /Active Sensiong

REFOHMRIZCKAELM(TOAY—3Y)
Perceive location by sound “echo” (echolocation)

« Ny Tv2I Y /Passive Sensing
FEMEDES, EEDODEILICKYEL
BEICIXIEFEMR ]

Perceive obstacle by noise reduction (acoustic
shadow) and change of tone color




ITaRA45— 3> .Echolocation

Blind Kid uses Echolocation to "See"

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




BEMEZDIRRICEDEFTYRA

Obstacle avoidance by presenting acoustic shadow

1‘%1113 *E“E’J NirRIZLDXECR igas, BA/\— 9‘-&
LOTUT AR EAEAK SR ot egree



=SB DY R—F B EGE
Supporting elderly: hearing aid and bone conduction

Inner Ear
Ear Canal

\
B\ e

f

Bone Conduction »I

‘\\Eustachlan
Tube

f' Mlddle Ear
Pmna

Eardrum

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

+ BTIREISETEZIGEASS

Inner ear is directly vibrated by bone conduction

« BFICHE, REICHE DL TR ANTHE

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




Other ideas related to bone conductions

f 3

Insert fingertip
into the ear canal.

Vibration path

Actuator Vibration path

_ MR~
TME%,[L{'

User's voice

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.

The Bore Fome surrounds your entire body
with @ 30U MTGS! MPCESDI 10 SMagIne.

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. Sakuragi, S. lkeno, R. Okazaki, H. Kajimoto: CollarBeat: Whole Body directly from the little speakers into your body. | played with one briefly as a Kic kit
Vibrotactile Presentation via the CoIIarbone tO Enrich MUSiC Listening can't recollect what it felt or sounded like. It was marketed through Radio Shachi and

I'm beginning to wish that I'd kept my dad's copies of their catalogs from the early

Experience, ICAT2015 1980s.




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

Integrated
microphone

https://www.youtube.com/watch?v=5yG _nWocXNY
BRIEEMNSANLTHIESI TH AT A EBEEDHMHICEK>TEANGREE

White noise



INT AR —HEELRNIZIEE

Mini Test: Submit in one week
UTDETIZ1I00F LINFEE THEZ &~ Answer all questions within 50 words

© N Ok DD~

_\_\_\AAAAAQ
N o 0~ WN= O

BN O®ENZDULVTERBAE & Explain role of auricle

N EEDZRE|Z DU TERBAE KExplain role of external auditory meatus

T A2 I\ AR)—IZ DUV TEREAE &LExplain Tympanometry

H/INEfH RS2V TERBAHE & Explain Stapedial Reflex

NERERDEZ(ZDLVTERBAE & Explain role of basilar membrane.

NEAH EMEOEZSIZ DLV TEBAE & Explain role of hair cells on the basilar membrane.
HEEMSTIZ DU TERBAE & Explain otoacoustic emission

THILIUMIDULVTERBAHE &K Explain formant

ST ITUR AVRIBRRIZDWLTERBAE & Explain missing fundamental phenomenon

R EFFEICDUVTERBAE & Explain shepard tone

ABREEDERERDAEIZDOLTERBAE & Explain localization by low frequency sound.
 EBREEEDEREMDAEIZDOLNTEAE &K Explain localization by high frequency sound.
. E T AROERESIZDLTERBAE & Explain localization of vertical sound position.

CINTGARN) YO RAE—AIZ DUV TERBAE & Explain parametric speaker
 RA—DFNBIZDONTERBAHE & Explain McGurk effect

. ALREIZDU\TERBAH & Explain cochlear implant.

. IO—A7—23 2DV TERBAE & Explain echolocation



ERERLAR—MRELERTOME
Report: Synthesis of visual and auditory sensations

« BETHNLE-BRROBMZM, REFOMAZEFEEHSE S,
RELEBEBIZO)YIBERLLIZIGEEBLIENIGE " RELI-ERIZBZANEZ
BDEEEANBZALZWMER . D2xX2=AFHTEDIIIZHET M EERT S,
o FRIREBIXNT—FRAUMEDRXTARTE, ProcessingETH &Y, LIR—FT
FRZzHEHE. HEREBN5,
« 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, include 2
diagram and describe the results (no need to attach the environment used).




