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After taxonomy by R. Mason, as reported in Francis
. Rumsey: Spatial Audio, Focal Point Press, 2001, p. 45
Height and D. Smalley, Spectromorphology: explaining sound-
shapes. Organised Sound 2(2), 107-126 (1997).
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Understanding

Michael Cohen and William L. Martens. “Spatial Soundscape
Superposition and Multimodal Interaction”. In: The
Technology of Binaural Understanding. Ed. by Jens Blauert
and Jonas Braasch. Modern Acoustics and Signal Processing.
Dec. 2020. Chap. 13, pp. 351-390. isbn: 978-3-030-00385-2,
3-030-00385-X, 978-3-030-00386-9. doi: 10.1007/978-3-030-
00386-9_13. url: https:/link.springer. com/book/10.1007/978- @ Spri inger
3-030-00386-9.
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Sound Acoustics Physics Transmission: Personal and public
propogation, air  transducers, cross-fading,
Objective mixing speaker arrays, smart
speakers, mobile-ambient
interfaces
Transduction Biophysics, Physiology Bone Critical bands & ERBs, auditory
biochemistry conduction, or loudness recruitment
cochlear
implants
Sensation Psychology, Perception, Apprehension: Ruditory objects, binaural
psychoacoustics sensirneural Subjective imagery, multimodal
process composition, stimulation
Subjective vection
Signals Cognition: Procedure, Interpretation: Parameterized
auditory event practicality, Logical directionalization &
central convention, spatialization, layering & audio
auditory metaphorical windowing, narrowcasting,
process mapping, culture multipresence, mental
& semiotics models, practical
interpretation
Michael Cohen & William L. Martens. “Spatial Soundscape Superposition and Multii n: The Technology of Binaural Unds
Ed. by Jens Blauert & Jonas Braasch. Modern Acoustics and Signal Processing. Berlin & Heldelberg Spnnger ASA Press, 2020. Chap. 13. ISBN: 978-3-
030-00385-2, 3-030-00385-X, 978-3-030-00386-9. DOIL: 10.1007/978-3-030-00386-9 13. URL: https: //www.springer.com/gp/book/9783030003852.
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Sources

Object Generation
Environmental Sounds
Auditory Icons
Voice
Music

Nonspatial (anechoic: “dry”) sources:
sampling (microphones)
additive & subtractive synthesis
AM & FM
physical modeling
granular synthesis
speech synthesis (including TTS)
nonlinear wave-shaping
waveguide synthesis
hybrid algorithms
network- or cloud-served streaming

Parameters:

location: direction (heading) and distance
directivity

mute/muzzle

motion

Locati ientation, and

Position Tracking

Space (Medium)

Sound field modeling:
source radiation patterns
spreading loss & distance attenuation
atmospheric effects

(humidity, temperature)

refraction
transmission loss (air absorption)
propagation delay
obstructions & occlusion, diffraction
reflection (echoes) & scattering
reverberation

Sensors:

ultrasonic or acoustic
magnetic

optical, infrared
GPS/WAAS

gyroscopic, accelerometric

Al

Sinks

Reception &
Directional Synthesis

Auralization:
location & direction (orientation)
panning, HRTF processing
deafen/muffle
Doppler effects

Display:
earphones, headphones
(including bone conduction), and headsets
nearphones
loudspeakers
speaker array (5.1, 7.1, 10.2, 22.2, WFS, HOA, etc.)

Extended from source material by Elizabeth M. Wenzel, NASA Ames Research Center.
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JJJ.[.’i“JﬁJ. Host — Router —Router — HOBSt
LDIVGDISTINE
Data Flow
Data application , _ PTOCESS-LO-Process  ppication
o | Tranlsport .......host-to-host Tranlspon
hell;“ IP cata Internet lnternetl Internet Internet
::: :;1: Frame data T‘;;:::: Link Link Link Link
1 Fiber,
Ethernet Satellite, Ethernet
etc.

Acoustic diffusion;
BRI [(BAZLD PL<EA)

Quality (Property)
reflectivity reflection
absorptivity

transmissivity
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Physical Process

absorption

transmission

Quantitative attribute
reflectance
absorbance

transmittance
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Immersive

AuDIO
TYPE Stereo

(mixed sound
sources)

HEADFPIONES
OR SPEAKERS?

Multispeaker
surround

KEY PRODUCTION

TECHNIQUES AND Manually produced Head-related
TECLNOLOGILS (manual) transfer function
(HATF)
EXAMPLES
Theater/home/ Smartphone/PC/
car: 51 71; Dolby game/VA: Dolby
TrueHD; Dolby Atmos; DTS
Atmos; DTS-HD; Headphone:X;
DTS:X; Sony DDS; DTS:X; Sennheiser
Sennheizer Ambeo Ambeo; Dolby.io;
Sony 360; Apple
Spatialize Stareo;
Creative Super
X-FI; Windows

AN AUDIO
TAXONOMY

Spatial Sound;
Meta spatial audio

Soundstage
(separated
sound sources)

Multispeaker
soundstage

Headphone

goundstage

Manual Artificial Al Manual +
1 intalligence (Al)+  HRTF HRTF
digits! signal
processing (DSP) -

Theaters: IMAX Car/smartphone/ Game/creator
Sonles; Dolby TV/IPClhomel tools/VR/musle:
Atmos; DTS:X soundbar/emart DTS:X; Sony 360;

speaker/game/ Apple/Dolby
VR/radic: Li Spatial Music
Creative
Technologies 2D
Soundstage; LI
Creative
Technologies 3D
Musica

Q. Li, Y. Ding and J. Olan, "How Audio is Getting its Groove Back: Deep learning is delivering the century-old promise of truly realistic sound
reproduction,” in IEEE Spectrum, vol. 59, no. 10, pp. 46-52, October 2022, doi: 10.1109/MSPEC.2022.9915633.
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» Social Diffusion
RGBT g
=19
deallly Ol) B
Ol L
JJJl ) ‘UJJ UJJJ_\] Public: massively multiuser
I Location

Social: multiuser
Omnipresent (ubicomp)

Personal
Mobile
M1‘x6d reality (MR) . . Extended Reality (XR)
Augmented reality (AR) ‘Augmented virtuality

O Reality 50w oed reality / Diminished virtuality  Virtuality (VR) =

Stationary

Adapted and extended from Wolfgang Brull, Irma Lindt, Iris Herbst, Jan Ohlenburg, Anne-

Kathrin Braun, & Richard Wetzel. “Towards Next-Gen Mobile AR Games,” IEEE Computer

Graphics and Animation, July/August 2008, 28(4): 40-48.

Michael Cohen & William L. Martens. “Spatial d: ition and Multimodal
7. In: The Technology of Binaural Und ding. Ed. by Jens Blauert and Jonas

Braasch. Cham: Springer, ASA Press, Dec. 2020. Chap. 13. ISBN: 978-3-030-00385-2, 3-

030-00385-X, 978-3-030-00386-9. DOI: 10.1007/978-3-030-00386-9 13.

Location-based
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Combining signals: I;.., « iy

1 2 1 Positively correlated, reinforcing upto +6dB,
guadruple power
with double amplitude
1 0 1 Uncorrelated, incoherent upto +3 dB,
double power
1 -2 1 Negatively correlated, cancelling -0 B

Audio and visual displays along private— public continuum across spatial separation and social Intimacy;
B, BRBESARLRRENRE

headset, eartop eyetop
Intimate, wearable computer headphones, ear buds, HWD (head-worn display)
Private nearphones, ear speakers, | HMD (head-mounted

PSAPs mobile phone

mobile phone, laptop disp

smartphone, tablet desktop monitor, smartphone, tablet
“sound shower” isolation

directional display

HDTYV, “fishtank VR,” NEC
VisionDome, workbench

couch or bench multichannel

vehicle, spatially immersive projection (ex.: Cave™ or Cabin™),
display, home theater 5 2 ), | 4K, 8K
.g., Cave, Cabin)

Multipersonal,
Famil

club, theater, speaker array
Social “reality centers” (ex.: VBAP, Dir
Asimov’s “Prime Radiant” | DBAP,

stadium, concert arena public address, (ex.: Jumbotron), multiple screens
sound reinforcement (to reach distant viewers)

large-screen display (ex.: IMAX)




Ubicomp intimacy; 1E+4 X

smart spaces and aware environments (“everyware”)
cooperative buildings
roomware (software for rooms) and reactive rooms

media spaces
immobots (immobile robots)
spatially immersive displays

information furniture
networked appliances
handheld/mobile/nomadic/portable/wireless/ambulatory
wearable/intimate computing (“wearware”)
computational clothing (smart fabrics & clothes)
motes/smart dust
MEMS (microelectromechanical systems)

803

Function, Production, Radiation (effector) Reception (sensor)
Role Emission & radiation Consumption
Pitcher: “Throw” or

Push, Mutator, Fan-out

Nimbus jection, exposure)
Amplification & Attenuation (Gain)
OUTput (display), production INput (control), reception

[Objet  fswea ]

Sensitization & Desensitization

Perspective Object Subject

Social Media; Followee; 740—H, 74091—, 7404 — | Follower; 7407 —
Y= ¥k #7147 (TFE))

Transducer

Symbols

Metaphorical Device one, Loud-hailer, Bullhorn, Ear horn or trumpet, Hearing aid #
Speaking-trumpet, Blowhorn (nozzle) (sound funnel)
Select: £

Exclude
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direction, T
relative bearing \

source:
speaker '
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Rarefaction

N G Y} . Compression =

SUNNNESONAYAMDIT "
Rir particles move over a very small 23
distance W
+1768.104m ER

+ =1/ 300 diameter of a hydrogen
molecule

Alternate regions of compression
(“push”:increased density) and
rarefaction (“pull”: decreased density,

increased vaccuum) n/Pas p/Pa
That disturbance is propagated @ @
through the medium. S R N PO |
®
€YAMAHA
1.Silence !

https://en.wikipedia.org/wiki/Sound pressure

4.Sound pressure
304
Egocentric “spin-around” K e
gesture featuring orbit Fixed sound source ‘/
around object of regard and 210
subiectively panning audio Moving ™~
subjective viewpoint

Buidonas f8yoluing

Fixed object

|
Exocentric rotation 1 :
expressed as revolution: ' I
spatial sound source 1 !
following egocentric rotating b —
object, as if carried
by long strut projecting from |
obiect of regard to periphery Radial orbiting sound source,
panning with object 4 x.
Fixed
subjective perspective

R

Virtually rotating object

692




ownamiccesturer; 4= Spatial Degrees-of-Freedom
Location Scalar Translation; ¥ &) Directionality (Force) Along | Perpendicular to
(displacement) Camera Motion axis plane
lateral, horizontal
{transverse breadth ahsclssa SW'EF | leftes right <side-to-side> median (sagittal)
orwidth) X track (“crab”)
dinat o out, back (aft): retreat (drag)
::Inenl::llilnnglmnlnal ordinate s:r:e Bt o8 <forwards & backwards> frontal (coronal)
W — In, forth (fore): advance (thrust)
up: asl;eml(llm
vertical (height) h: : :; [J;—;M " :::;:::;:;nl
|Invm descend (weight)

nrlnnlallnn Direction, Attitude nnlatlnn Bz A::I:t

N e
[harrel roll) (I I T T B left/right frontal (coronal)

(roll
vaw (whirl, twist); (R cow/ew horizontal
pan ltransversnl

Slallc (Posture, Pose)

Location and Orientation Revolution; [=1#x & Rotation; [ iz

focal pivot orbit with phase-locked CCW/CW Imrlmnlal
“insnection nesture” attitude: “snin-around” [transverse]

Fixed-mohile Convergence (FMC)
& Mobile-ambient interfaces

= Personal (individual): mohile telephony, Smartphones, PSAPS
(personal sound amplification devices), hearahles, hearing
aids, nearphones

+ Social: smart speakers, rohots, roomware
+ Public: loT, ubicomp, location-haset resources

2492

Uhicomp (ublquitous computing)
AEFSR A Ea—FT4Y

+ Instead of UR which puts users inside of computer-generated world,

ubicomp forces the computer out into the world with people.

= KR: Extended (Augmented, Enhanced, Hybrid, Mediated, Mixed)

Reality/Virtuality (AR, MR, UR)

= Calm computing; &%/ 75

« Pervasive computing

« Ambient control/display: networked physical objects
+ Saturated

distributed & pervasive
continuous & networked
transparent or invisible (“disappearing computer’); ;%89

s O, E/ DA 5—F vk
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NECK TICKLER |
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—SEAT POPPER

WD} L - - LEGTICKLER

WATER BLAST ‘ /

WIND/STROBES RAIN/BUBBLES  SNOWIFOG
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Social Diffusion

Atsndsl
PR
A v - JE:J_: KUJJ \UJJJ_\] Public: massixllely multiuser

— .i" R Social: multiuser
K ’ | Sigw W Omnipresent (ubicomp)

Location

25| B Personal
| 2 Mobile
Mixed reality (MR)

_ Augmented reality (AR) Augmented virtuality
€= Reality =57 == reality / Diminished virtuality

Extended Reality (XR)
Virtuality (VR) —%

| N B " Stationary
Adapted and extended from Wolfgang Brull, Irma Lindt, Iris Herbst, Jan Ohlenburg, Anne-
Kathrin Braun, & Richard Wetzel. “Towards Next-Gen Mobile AR Games,” IEEE Computer
Location-based Graphics and Animation, July/August 2008, 28(4): 40-48.
Michael Cohen & William L. Martens. “Spatial ition and
ion”. In: The Technology of Binaural Und ding. Ed. by Jens Blauert and Jonas
Braasch. Cham: Springer, ASA Press, Dec. 2020. Chap. 13. ISBN: 978-3-030-00385-2, 3-
030-00385-X, 978-3-030-00386-9. DOI: 10.1007/978-3-030-00386-9_13.
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Microsoft HoloLens 2

-L\ > (/‘

www.microsoft.com/ja-jp/hololens https://www.meta.com/p/en/quest /quest-3/

772 771

Ayuls Visloy Pro

https://www.apple.com/apple-vision-pro

https://www.magicleap.com/device

773 774
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Mobile-ambient interfaces

Personal

Input

Source

Control, Display
Individual

Primary

Information as space

Public

Output

Sink

Display, Control
Group

Secondary

Space as information

Smart speakers

2485

Audio and visual displays along private— public continuum across spatial separation and social Intimacy;

Intimate,
Private

Interpersonal

Multipersonal,
Familiar

Social

100s

5. BGEBEAXERENRE

headset,
wearable computer

couch or bench

vehicle, spatially immersive
display, home theater
, Cabin)
club, theater,
“reality cente
rime Radiant”

oncert arena

mobile phone,
smartphone, tablet
“sound shower” isolation
directional disp
multichannel

ancelled
speake:
(ex.: stereo dipole)

rround sound (ex
1,7.1.4, NHK 2!

speaker array
(ex.: VBAP, DirAC,
DBAP, W

public address.
sound reinforcement

HWD (head-worn display)
HMD (head-mounted di
mobile phone

laptop di

desktop monitor, smartphone, tablet

shtank VR,” NEC

sionDome, workbench

.: Jumbotron), multiple screens

ch distant viewers)

10
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“Can you play solo?”
VAR TELT H?
“How do you mean?”
EOLVDEKRTI A7
- “S0 low we can't hear you!”
INESSTHERNEEA!
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active(x) = — exclude(x) A
@yl (v) A (selE(x) ¢ seli(y)))
= 1nclu :‘j::%"(X):ﬁ

active(sourcex) = = mute(x) A

((Fy (V) A (self(x) & self(y))))

active(sinky) = — deafen(x) A
(Qy( (v) A (self(x) & self(y)}))
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Visual Representation of Audio Exclude Functions; = Exclude# st D17 5 X 31
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(reflexive)

others; fth A
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Visual Representation of Audio Include Functions; & =

Figurative representation
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(explicit)

(implicit)

IncludetsE D17 B xR

S 2t toms
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Happy, Long-life Kannon; £ 573 (4AKEi%) Happiness Kannon with a Thousand Arms; =583 (T F8HS)
Ai100183 V1 001

text input voice input

ASR:
automatic speech
yecognition

NLP:

Smart speaker

multichannel audio

= =
conversation TTS:
engine text-to-speech

natural language
processing

i

(multilingual) dictionaries
dialog design
web search
curated content
databases
structured data
ontologies
aggregation

1585
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Telematics display
via vehicular speaker array
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) Full volume space
= O - 3
= S AR s “~ : 233
= ‘o‘-= oL o1 © Compass; A /SR l“ : % H z
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=] Mobile channel; - Traffic iam: o . . % g4
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™ ) ~ ~ 53
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Door ajar; . § 2 @ﬁ
= 1 HpIEky 9z ] 1 ° E538
1 Blind spot traffic; . . fi . -7 -3 3 i =)
' # Sonar parking assist; @ ) 5 -6 S® 59
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Michael Cohen. Dimensions of spatial sound and interface styles of audio 3 . . 5
iment ey Whtewae, vt & ot Noodto Bl : a,, d, 253
T2 pesen 377308, CRC Pre: Lawrenes Eln Assoeses, Mahah. Nl Distance (d) from source 558
USA. second edition, 2016, ISBN-13 978.750-4822-4350-5 Home; 3R
1442 1269

Idiomatic Auralization: figurative or - _
metaphorical mappings Head motion (“cocking”)

Separation of visual and auditory perspectives

e median  Left-right rotate denial, contradiction:
— Hyperacuity: HRTFs captured at fixed interaural haseline, but ’ “to” )

virtual environment can scale not subject but object horizontal Front-hack  tip nod affirmation, concurrence:

Extreme compression or range-indifference ) ws )
frontal Abhove-helow pivot rollrock, uncertainty, question:

Gooule Cardboard, Oculus [Meta) Quest bl feeri
Rotation as revolution wag,

Tuning fork waggle
Audio windowing, narrowcasting & multipresence (source & sink)

2496 674



@ Nuanced multimedia narrowcasting;
FO—FVYRTAT

’ @/v | ‘
h @ \ Auditory Visual Auditory Visual

. ' Selective Selective Selective Selective vision
sink enabled ' audibility exposure ® audition
. ' Disable Mute Hide, invisibility Deafen Blind (blindfold)
' sink disabled (Solo) [Confide,
" / Harken)
' J Enable Solo/select Isolate, hide Attend
. @f—v (“talking stick) ~ others
S.. 77N "‘ @ : source Partialdisable  Muzzle (stifle] ~ Fade, opacity,  Mufile Blinkers, blinders,
‘ ) transparency tinted eyewear
+ e @ : sink Partialenable  Attenuate Fade others
oL others [spotlight)
— . anycast

1601 1581

GETITON

P> Google Play

Twhirleds

k2= A

Sp.ac.u_aizu.Twhirleds

Download on the

App Store

University of Aizu
Spatial Media Group
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