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Cyberspatial Media for Managing 
Attention and Privacy: 
3D Computer Graphics and Audio 

Current research foci (E+J) 

❂  interactive multimedia; 対話型 マルチメディア 
❂  telecommunications semiotics: user interfaces; ユーザ インタフェース 
❂  mixed/augmented reality/virtuality; 現実性増加機能 
❂  virtual reality; バーチャルリア リティー（仮想現実） 
❂  ubicomp; ユビキタスコンピューティング 
❂  groupware, CSCW (computer-supported collaborative work), MUVEs (multiuser virtual 

environments); コンピュータ支援共同作業 
•  narrowcasting; ナローキャスティング  

❂  spatial media; スぺーシャル メディア 
•  stereography; 3次元CG 
•  cyberspatial audio: spatial sound and stereotelephony; 立体音響 

–  multichannel (polyphonic) spatial sound 
–  computer music; コンピューター ミュージック 

•  mocap (motion capture) & motion display (S
chaire Internet Chair rotary motion 

platform) 
❂  digital typography; デジタル タイポグラフィ 
❂  mobile (nomadic, portable) computing; 携帯 コンピューティング�

スペーシャル メディア  
Spa

e
t
cial: Special and Spatial 

❂ Special: 特別 
❂ Spatial: 空間的 

www.u-aizu.ac.jp/~mcohen/spatial-media!
arts.u-aizu.ac.jp!

Mixed (Augmented, Enhanced, Hybrid, Mediated, Mixed) Reality/Virtuality:  
Synthesized and Sampled/Sensed, Artificial and Actual (Natural, Captured) 

actuator, sensor, robot	


(hardware)	



simulation	


“physics engine”	



(software)	


model, data	



artificial reality 
virtual reality 

virtuality 

telexistence 
telepresence 

teleoperation 

Synthesized 

Sampled 
(with optional synæsthesia) 

Display and immersion (output):  
actuators & effectors, 
compositing & rendering, 
Monitoring, playback 

Control & interaction (input): 
sensing, capture, 
instrumentation, & analysis. 

real environment 

virtual space 
cyberspace 

Σ 

CG, synthesized audio, etc. 

Sensor fusion & analysis:	


keyboards, mice,	


cameras, 	


microphones,	


trackers (mocap, GPS), 	


etc.	

Presentation:	



visual displays, 	


speakers,	


motion platforms,	


etc.	



Visceral 

Virtual 

mixed reality 
mixed virtuality 



2 

Co
nv

er
ge

nc
e 

internet, WWW,
multimedia

music
(streaming, MIDI, etc.)

GPS, navigation, LBS

teleconferencing
(sound, video, and graphics)

family computer, personal computer
laptop, netbook, tablet, slate

CAD/CAM, robotics, simulators

Co
nv

er
ge
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e (

J) 

GPS、ナビ、LBS

音楽
(ストリーム、MIDI 、など)

CAD/CAM, ロボト、シミュレター

ファミコン、パーソコン
ノートパソコン、ネットブック、タブレット、携帯電話

電話 会議
(声、ビデオ、と 情報)

インターネット, WWW,
マルチメディア
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0–
48

. Mixed 
Reality 
Taxonomy 

Single Use

Potentially everyone 

Diffusion

VirtualityReality
       Synthesis

Stationary

Omnipresent

Location

Augmented
virtuality

Augmented
reality

Mobile

Massively
multiuser

Location-
based

Multiuser

Audio and visual displays along private↔public continuum across spatial separation and social Intimacy; 
音声、画像再生方式と視聴対象者 

Proxemic	


Context	

 Users	

 Architecture	

 Audio Display	

 Visual Display	



Intimate	

 1	



headset,	


wearable computer	



eartop	


headphones,	


ear buds	


mobile phone	



eyetop	


HWD (head-worn display)	


HMD (head-mounted display)	


mobile phone	



Individual, 
Personal 1 

chair “nearphones” laptop display, 
desktop monitor, smartphone, tablet 

Interpersonal 2–3 

couch or bench multichannel 
crosstalk-cancelled 
speakers 
(ex.: stereo dipole) 

HDTV, “fishtank VR,” NEC 
VisionDome, workbench 

Multipersonal, 
Familiar 2–10 

vehicle, spatially immersive 
display, home theater 
(e.g., Cave, Cabin) 

surround sound 
(ex.: Ambisonics, WFS, 
5.1, 7.1, etc.) 

projection (ex.: Cave™ or Cabin™) 

Social 100 
club, theater, 
 “reality centers” 

speaker array 
(ex.: VBAP, WFS, 
HOA) 

large-screen display (ex.: IMAX) 

Public 1000s stadium, concert arena public address (ex.: jumbotron) 
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“Tangible Bits” taxonomy: Brain, Body, & Bytes 

natural logarithmic base: e  binary logarithmic base: 2 

common logarithmic base: 10 

physical:
matter & energy

atoms 

virtual:
information

bits

mental:
ideas

neurons

apprehension

construction,
reification

authoring, CAD, computer-aided sculpting

display

rendering "bits to its": materialization
3D printing,  rapid prototyping,
personal fabrication, stereolithography:
"fabjects"

scanning ("its to bits")
(capture via

microphone, camera, tracker, etc.)

Interaction with the world; 
世界との相互作用 

❂ Sampling & Interrogation or Conversation; 会話 
❂  (Selection &) Manipulation; 操作 
❂  Locomotion; 移動 
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Hypermedia = 
Hypertext × Multimedia 

hypertext

multimedia

(interactive)
hypermedia
≡

via spatial data organization
{mixed & augmented reality,

cyberspace,
virtual reality,

metaverse}

data (presented 
linearly & 
textually)

non-sequential access:
links &
cross-references
(footnotes,
bibliographic citations,
marginalia, indices,
hot-spots, etc.)

audio: voice, sound, & music;
graphics: drawings, photos, 
   pictures & images;
animation: motion, gestures,
   video & movies

ハイパーメディア= 
ハイパーテキスト × マルチメディア 

データ
(文字として表される)

(双方向的)
ハイパーメディア

≡
空間的なデータの集合体を経由

{拡張現実、
バーチャル リアリティー、

 人工現実感、
サイバースペース (電脳空間)、

メターヴァース}

ハイパーテキスト

マルチメディア

非逐次的なアクセス: 
(双方向な) リンク &
交互参照 
(脚注、参考引用文、傍注)

音響: 声、音、& 音楽;
グラフィックス: 描画、画像、& 映像;
ジェスチャー: アニメーション & ビデオ、動き (動作)
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Degrees of freedom: translation (location): 動作 
じょうげ 

ぜんご 

さゆう 

どうさ 

Degrees of freedom: rotation (orientation) 回転�
かいてん 

Spatial Degrees-of-Freedom Position 

Static (Posture, Pose) Dynamic (Gesture) 

Location 
(displacement) Scalar 

Translation 
  Camera Motion 

Directions (Force) Along 
axis 

Perpendicular to 
plane 

lateral (transverse 
breadth or width) 

abscissa 
x 

sway;  左右 
  track (“crab”) 

left  right  <side-to-side> x median (sagittal) 

frontal  (longitudinal 
depth) 

ordinate 
y   

surge; 前後 
  dolly 

out, back (aft): retreat (drag) 
     <forwards & backwards> 
in, forth (fore): advance (thrust) 

y frontal (coronal) 

  vertical (height) 
altitude 

z 
heave; 上下 
  boom (“crane”) 

up: ascend (lift) 
           
down: descend (weight) 

z horizontal 
(transverse) 

Orientation or Attitude  Rotation; 回転 About 
axis In plane 

   elevation, inclination φ
   
pitch (tumble, flip); 縦方向 
  tilt 

climb/dive x median (sagittal) 

   (barrel roll) ψ
   
roll (bank, flop); 横方向 
  (roll) 

left/right y frontal (coronal) 

  azimuth θ

yaw (whirl, twist); 偏方向 
  pan CCW/CW z horizontal 

(transverse) 

Location and Orientation Translation and Rotation Axis In plane 

focal pivot 
“inspection gesture” x, y, θ orbit with phase-locked 

attitude: “spin-around” CCW/CW z horizontal 
(transverse) 
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“…yet still we feel something is 
lacking” 

6台のスピーカー，そして12台、ついには、ピッツバーグシンフォニー楽団を 設置したけど，やっぱり何か足りない感じだ！ 
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Cyclic Calling; 三者通話: Stereotelephony 
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Musical joke 

❂  “Can you play solo?” 
 ソロはできますか？ 

❂   “How do you mean?” 
そういう意味ですか？ 

❂  “So low we can’t hear you!” 
 小さくて聞き取れません！ 

Mo
da

l D
isa

bl
in

g 

San[bikino]zaru: Kikazaru, Iwazaru, & Mizaru; 
三[匹の]猿: 聞か猿, 言わ猿, 見猿 

Distal Deafen; 聞かせざる 
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Distal Mute; 言わさせざる 
Source mute	

 Sink deafen	



	


	



Visual Representation of Audio Exclude Functions; 声Exclude機能の視覚表現   
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Source select	

 Sink attend	



	


	



Visual Representation of Audio Include Functions; 音声Include機能の視覚表現 
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+ +
+ Cubist painting 

❂ Male profile 
❂  Female frontal 



8 

David Hockney’s “The Desk” (July 1st 1984) 

David Hockney’s “Place Furstenberg, Paris, 7,8 et 9 Août 1985 #1” 
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Virtual Concert: 
Decomposition 

Stereography 
Left and right 
 views are displaced  
(by interoccular 
distance, 65 mm ≈ 2.5”) 

Spectral dispersion by prism refraction 

“3DDDDDDD” 
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ChromaDepth color cues Helical 
Keyboard 

Client: 
Soundscape-
Stabilized  
Swivel-Seat  
Spiral-Spring 

Wordle for VSMM reading article 

Michael Cohen. From Killing Trees to Executing Bits: A Survey of Computer-Enabled Reading Enhancements for Evolving Literacy. In 
VSMM: Proc. Int. Conf. on Virtual Systems and Multimedia, Hong Kong, December 2014. www.vsmm2014.org, ISBN 
978-1-4799-7227-2.  www.u-aizu.ac.jp/~mcohen/welcome/publications/VSMM-reading.pdf!
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Points-of-view 

Separate 
(3rd-person) View 

Endocentric 
(1st-person) View 

Tethered or Yoked 
(2nd-person) View 

Subjective Point-of-View (PoV): 
Egocentric View 

Objective PoV: 
Exocentric View 

Idiocentric Allocentric 

Audio Windowing Fr
om

 “
3•

D
 S

ou
nd

 fo
r V

irt
ua

l R
ea

lit
y 

an
d 

M
ul

tim
ed

ia
,”

 
by

 D
ur

an
d 

R
. B

eg
au

lt 
(A

ca
de

m
ic

 P
re

ss
). 

Au
di

o W
in

do
wi

ng
 fo

r V
eh

ic
le

s 

Door ajar; 半開きドア 

Sonar parking assist; 
駐車アシスト 

Blind spot traffic; 
死角 

Home; 家 

Goal;�目的地 

Junction;�合流点 

Land line; 固定電話 

Mobile channel; 
携帯通信 

Compass; コンパス 

Accident; 事故 

Traffic jam; 交通渋滞 

Other vehicles; 
その他のサービス 

Location-based services; 
地域情報サービス 

Conversation Circles 
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“Multiplicity” 

Movies with 
forked 
presence 
(clones) 

“Sorry I can’t ⎯ I have to be everywhere.” ©
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すまないな〜！神様は、あらゆる場所に居なくちゃならないんだ。 

Network Value Model Mode Growth Order Law 
Broadcast 
(simplex: one-way) 

One-many 
(“fan-out”) 

n Linear Sarnoff 
 (radio and tv 
executive) 

Audience participation: 
request lines,  
online voting 

Many-one 
(“fan-in”) 

Networked: 
(duplex: two-way) 
IM, e•mail, POTS, … 

Many-many n2 

Transactions: n(n-1) 
Conversations: n(n-1)/2 

Power: 
Polynomial 
(quadratic) 

Metcalfe 
 (networking 
scientist) 

Groupware: social media, 
discussion groups, 
auctions, community web 
sites, chatspaces, CVEs, 
GSSs– group support 
sytems, mailing lists, wikis, 
tweets, blogs, … 

Power set  
(excepting 
singletons 
and φ, empty 
set) 

2n 
(2n – n – 1) 

Exponential Reed 
 (groupware 
scientist) 

Networked reconsidered n log n Linearithmic Briscoe, 
Odlyzko, & Tilly 

Synchronous groupware 
with multipresence 

2^2n 

2n log n = nn 
Superexponential 
or Exponential 

Cohen 
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S
chaire & Schaire Simulator; 

インターネット椅子シミュレーション	


“Mobile” 
Computing 

Tethered telephony 
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Progress cartoon 

進展"
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Hands-Free Adapter “Poor person’s 
mobile 
stereotelephony” 

Interface for Mobile Phone: 
interoperate with CVE and control other VR clients 
Blurring of real and virtual: 
coupling of image-based rendering (QTVR panorama) 
and polygon-based CG (Java3D) 
with Schaire Internet Chair & mobile phone 

Related Conferences & Journals 
•  AES: Audio Engineering Society	



• www.aes.org 
•  ICAD: Int. Conf. on Auditory Display	



• www.icad.org 
•  ICAT: Int. Conf. on Artificial Reality and Telexistence	



• www.ic-at.org 
•  IEEE Virtual Reality	



• ieeevr.org 
•  SIGGRAPH	



• www.siggraph.org 
•  J. of Virtual Reality and Broadcasting	



• www.jvrb.org 
•  Presence: Teleoperators and Virtual Environments (MIT Press)	



• www-mitpress.mit.edu/jrnls-catalog/presence.html 
•  TVRSJ: Trans. of Virtual Reality Society of Japan	



• www-mitpress.mit.edu/jrnls-catalog/presence.html 
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Professional Societies 
•  3D Forum: the Forum for 
Advancement of Three Dimensional 
Image Technology and Arts 

• www.hi.is.uec.ac.jp/3Dforum	


•  ACM	



• www.acm.org	


•  IEEE Computer Society	



• www.ieee.org	


•  IEICE	



• www.ieice.org	


•  TeX Users Group	



• www.tug.org	


•  Virtual Reality Society of Japan	



• www.vrsj.org 


