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AREIEHEIF %~ Measuring Human
#8E_Human Vision System

HE 225 Visual Sensing
BET1RXTL A~ Visual Display

BEE. B2 471—X./Auditory Interface
e, ¥ 2271 —X Tactile Interface
HE. hEA22T7x—R Haptic Interface
BEBE (27— Locomotion Interface
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Mechanical - Mechanical

TE——
¢ oo, | Photocell Neon Tube

KO ELS ERESER
EBIEA DWSHI=EH

“ Photocell

\j N/ N
1877 Proposed Mechanical Scanning
1884 Invented Circular Mechanical Scanner
1925 Mechanical TV system was achieved
1897 Cathode-ray tube (CRT) was invented

1911 Cathode-ray tube was used to display a
simple image.

Electrical - Electrical

mEE (712

1927 All electrical system was
achieved.

1929 BBC starts experimental TV
broadcast.

1935 Germany starts first
periodical TV broadcast, and
was used for Berlin Olympics

Electrical - Electrical
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From 2D to 3D

+ 3D:ETEDIRTE
Stereoscope display can present Depth
- —HDERRDEEDRT
Distance between image and myself is perceivable.

o DFEYIDTARTILAFHEEMT (EMY T BEFEALRE
EEEED
The image is not only a thing to view and appreciate, but it
becomes a world in which “I” myself am included.

TODAY’s TOPIC

+ 3DT+4ARFL 43D Display
— HMD
* HMD&EA AT /HMD & Camera
* HMD&AR ~HMD & AR
— B3 ~Environmental Display
« AHxHY.With Eyeglasses
- RER LN AT Envionmental Display & Camera
« AHRAELWithout Eyeglasses
- EA0BIS5E588% AN 3.~ Input Different Images to Two Eyes
— RYa—AR) 9B~ Volumetric Reconstruction
— FARBE OB LD B 1R B~ Ray Reconstruction
— $#EEFRIAT S Using lllusion

. ZTODEEE
— SAREEHIEASCSCW .~ From Ray Control to CSCW
— FRARBEIR R HIE A SRR~ From Ray Control to Eye Control

Two types of 3D displays

* HMD.”Head Mounted Display
+ EXiE# Ground-Fixed Display

Seems not so different?? It is very, very different.

L2859 T 4T Btk

Head Mounted Display (HMD)
« Sutherland "The Ultimate Display” (1965)

-

v

A8 T AT Bl

The Ultimate Display (Sutherland1965)

« Welive in a physical world whose properties we have come to know
well through long familiarity. We sense an involvement with this
physical world which gives us the ability to predict its properties well.
For example, we can predict where objects will fall, how well known
shapes look from other angles, and how much force is required to
push objects against friction. We lack corresponding familiarity with
the forces on charged particles, forces in non-uniform fields, the
effects of nonprojective geometric transformations, and high-inertia,
low friction motion. A display connected to a digital computer gives
us a chance to gain familiarity with concepts not realizable in the
physical world. It is a looking glass into a mathematical wonderland.

+ The ultimate display would, of course, be a room within which the
computer can control the existence of matter. A chair displayed in
such a room would be good enough to sit in. Handcuffs displayed in
such a room would be confining, and a bullet displayed in such a
room would be fatal. With appropriate programming such a display
could literally be the Wonderland into which Alice walked.

28597 4T Bifiksin

BRE& 5T
Master and Apprentice

» C. E. Shannon
Father of Information Theory
(Have you heard of “Entropy”?)

» Apprentice
— Ivan Sutherland
Father of Computer Graphics, and
Father of Virtual Reality
Invented most part of fundamental
CG technique, and the first HMD

Netscape
» Grand-Apprentice
— Jim Clark: Founder of SGI and
Netscape

— Alan Kay: Proposed the notion of
personal computer “Dynabook”

A2 850T 4T Bk i




HMDIE HBE#E.HMD as a magnifying glass

- MRICELHBE
Two separate images are displayed to each eye.

BEERAIE STAILZR

Head position is tracked by,
Mechanical Link,

Gyro

Acceleration Sensor

Magnetic Sensor

etc...

- RIRGENE R CHEMERS ) NN
“Magnifying glass” optics is used to keep distance ™
between eye and image.

TODAY’s TOPIC

+ 3DT+4ARFLA.3D Display
— HMD
* HMD&EAAS./HMD & Camera
* HMD&AR ~HMD & AR
— B3 ~Environmental Display
« AHxHY.With Eyeglasses
- RER LN AT Envionmental Display & Camera
« AHRAELWithout Eyeglasses
- EA0BIS5E588% AN 3.~ Input Different Images to Two Eyes
— RYa—AR) 9B~ Volumetric Reconstruction
— FARBE OB LD B 1R B~ Ray Reconstruction
— $#EEFRIAT S Using lllusion

. TOMDEERE
— SAREEHIEASCSCW .~ From Ray Control to CSCW
— FRARBEIR R HIE A SRR~ From Ray Control to Eye Control

HMDRE®OHAS&IE ? .~ Camera for HMD?

» Two cameras, which are at the same position as
the HMD are used.

L2859 T 4T Btk

Torso (Watanabe et al. 2007)

Masies

Torso (Watanabe et al. 2007)

TORSO

Completion of
egocentric telegnosis system


http://tachilab.org/modules/projects/telesar.html
http://tachilab.org/modules/projects/torso.html
http://tachilab.org/modules/projects/torso.html

BEEREIER 7 RS L
Head Rotation? No problem!!

Robot Camera

Seems obvious??

Z0MOEE R (1) RME R AT ADRRE
Other concerns(1) Eye distance & view angle
« BRFAEERE (HASRAEEREE) DR — B MIRIARETIEEHHE Aor

DAL DEIBBE. GLEREBLL0DIFEER)
Difference of eye distances generate odd size feeling (miniature garden)
.

- $REA DT —B Difference of viewing angle
— BITENEMLL%S. Distance is changed
— BEHEEREHOR, EEOYMAINEREDIEIT-DNTEKD, AR
IZFHf%. When head rotates, objects “move”.
— IREFEEHMOHTHITzLEDEME

) W

ZTOMDFE R (2) FEEN DERE
Other concerns(2) Time Latency

o BEOBEHLEEE TICHEEN.
Latency between head motion and image display

+ EZ%iR>71=£EF When the head rotates: b
- ERAEOEEICHNTG
The image moves
o ERIEAFVDTIAL. LALIZARICELTIZIEL, ﬁﬁi?ﬁﬁn; l;
ISOFTHELELS.

— HMD: W
— XEZ! Ground fixed disply:
The image does not move, but distort.

auy |

B

A

-+

HMD® #| s &R =~ Pros & Cons of HMD

o ITENEEEAAYALY. Users can walk freely

© BAOREREL-OBECRIUNELS, BifHE
Bh. EEThIZxLTO/NRRIZ~Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

o ERORYE(HAT) EOHEEMNERLYEasy to
design distance robot camera.

o EETDHOTEL, FIER Heavy and feeling of
being caged

o BEMNIEEINAORNAMIAZ2=r—aV(ZIEFE
~Face is hidden, meaning two way
communication is difficult.

o RHFAERELEDEHNELLY . Design of large
field of view is quite difficult.

TODAY’s TOPIC

» 3DT14ARFLA.73D Display
- HMD
* HMD&SAF./HMD & Camera
* HMD&AR /HMD & AR
— IRtEE! “Environmental Display
. AHF&HY./With Eyeglasses
« B LD ASEnvionmental Display & Camera
« AH#1ELWithout Eyeglasses
- EAOHBISESBEZE AN/ Input Different Images to Two Eyes
— RYa—Ar) v 7B Volumetric Reconstruction
— RARBEDFIEI &S B 17 MBR{ER~Ray Reconstruction
— $8EEFIAT % Using llusion

+ ZTDMDEERE
— REREEFIEAHSCSCW .~ From Ray Control to CSCW.
— RERER A FIE A SIRERHE A~ From Ray Control to Eye Control

Augmented Reality (AR) and See-Through HMD

» Overlap CG image and the real world
- ET#4Y—X)L—.Video See-Through: Capture the real
world by camera.
- FFF4HIL—R)L—.Optical See-Through: use half-
mirror & optically overlap




See-Through HMD (video see-through)

ARDERE (1) & AR Ef
Problem of AR (1) Focal distance

T

OHMD& - FEG A B AVRESTLY
HMD image is always at the same distance.
LESEENOLY1E Y {E E 3SF 32
Distance of real world object is arbitrary
MAZREIZOVTIZREIENTEGL
User can’t clearly observe the two simultaneously.
ETH4Y—ZIL—TERMBEITZLENA, RRBREDFENHAS
APBETERERLTESTS
Video see-through partially solved the problem, but the real
world image is different due to large depth camera.

ARDHRE (2) B
Problem of AR(2) Occlusion

(A) EEDOHMD. Ordinary HMD
(B)EEABHALERRIKRE. Ideal occlusion
(C)See-Through HMD.
(D)s%EZ!.~Ground fixed display.

IEEEAAEHMD Retina scan display

» Washington university, HIT Lab(‘99)

o L—YRBICKDMPIEEZAH Scan retina by laser beam

— BHOLY I LB TRE el
Image focus by the eye lens is unnecessary &

« Problem of focal distance is solved.

Scanners

'AOC Modulators _ http://www.hitl.washington.edu/projects/vrd/

IS —TEDWBEERETARTLA
Retina Scan display by Brother Inc.

e " Wk
FEEEN e UL—LUX RRENI-AR
(Elﬁ:or?ﬁ\ﬁi?—) \

i - g P

27 i

http://www.3dc.gr.jp/jp/act_rep/090612/Sato.pdf

I —TEDORREETARTLA
Retina scan display by Brother Inc.

http://www.youtube.com/watch?v=0IAZpmaYic8



http://www.hitl.washington.edu/projects/vrd/
http://www.3dc.gr.jp/jp/act_rep/090612/Sato.pdf

BREERFHEZRAV-EREBEH IO 2
Head Mounted Projector by Retroreflector

http://projects.tachilab.org/rpt/ 3

BiR R
What is retro-reflector?

« Glass balls with index of refraxtion=2
« Or, Cube type (Corner Cube)
« Any incident beams will come back to the same direction.

AN

AV B59T 47 Bl

2

RPT: Retro-reflective Projection Technology

NN N\

specular reflection diffused reflection retro-reflection
B

*Use retroreflector and projector
*Problem of focal distance is solved.
*Problem of occlusion is solved.

*Stereoscopic image can be presented

Optical Camouflage by RPT (Inami et al.)

real scenery |
half mirror
WT‘N" | mm\-mﬂsc!ive cloak \ 4
N L]
L] o
video camera |-
// ‘
e computer k

projector /

http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html



http://projects.tachilab.org/rpt/
http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html
http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html
http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html
http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html
http://www.star.t.u-tokyo.ac.jp/projects/MEDIA/xv/oc-j.html

Robot surface becomes screen.

(Aichi World Expo 2005)

A 85974 Bt

TODAY’s TOPIC

+ 3DTA4ARFLA./3D Display
— HMD
* HMD&ER AT /HMD & Camera
* HMD&AR /HMD & AR
- IB% ~Environmental Display
o MF&HY.With Eyeglasses
- B LN AS Envionmental Display & Camera
« AH#1ELWithout Eyeglasses
- EHOBIESE%E AN S/ Input Different Images to Two Eyes
— RYa—Ar) v 7B Volumetric Reconstruction
— RARBEDFIEI &S B 47 BR{E~Ray Reconstruction
— $8EZFIAT % Using llusion

. ZTOHDEERE
— FHREEHIE A SCSCW A~ From Ray Control to CSCW
— RARER A FIE A SIRERFE~ ~From Ray Control to Eye Control

Two types of 3D displays

* HMD.”Head Mounted Display
« FRE%Ground-Fixed Display

Seems not so different?? It is very, very different.

Ground Fixed Display
STHECAVE

» Some sort of “Filter” is necessary to
display separate image to each eyes.

» By using projectors, surrounding display
possible
(IPT: Immersive Projection Technology)

"

28597 4T Bifiksin

Filter (1) Color Filter

* Red cellophane and Blue cellophane. That's it.

— $$Cheap!$$

— Color is strange. Javzos

' ou;




Filter (1.5) Full-color “color filter”

<

* Very narrow band-pass filter
— Field of view becomes narrow

* Right-eye red, and Left-eye red
is slightly shifted, but we can not
know!

A wavelength
* Most beautiful 3D display for
Right Eye Filter
current technology. B
— “Dolby 3D” employs this method
A »~ wavelength
Projector = /)
Left Eye Filter
{ 4 EBT40LE
' Screen
‘ wavelength

Filter (2) Polarization Filter

Projector

Jodri s

W
» Horizontally polarized light can not pass through
vertical polarizer, and vice-versa.

» Cheap and color is OK.
« Circular polarization is used for tilt robustness.

QI
&
-

|

Filter (3) Time-multiplexing

* High speed “LCD shutters” are put on each
eyes.
« At one flame, only one eye can see.

* The refresh rate becomes half.
Quite high fps display is necessary (X LCD OCRT)

* Many people can observe different image
(image becomes darker and fps becomes lower, though)

AVATAR(2009)
s LSO DAXTRBFLBEINT

— XpanD: Time multiplexing
— RealD: Polarization filter (circular)
— Dolby3D:Full color “color filter”
— IMAX3D: Polarization filter (linear)
http://itsa.blog.so-net.ne.jp/2010-01-15
« DD FH IFEZRHSE = ARDEEITELL
Showed problem of “caption”: Equal to AR problem

XpanD RealD Dolby3D IMAX3D

TODAY’s TOPIC

+ 3DF+4RFLA.~3D Display
— HMD
* HMD&SAF./HMD & Camera
* HMD&AR /HMD & AR
— IRiEHE ~Environmental Display
. AHF&HY./With Eyeglasses
« RH%E LD AS  Envionmental Display & Camera
« AH#1ELWithout Eyeglasses
- EAOHBISESBEZE AN/ Input Different Images to Two Eyes
— RYa—Ar) v 7B Volumetric Reconstruction
— RBBEOFIEIC LSS 1R HE~Ray Reconstruction
— $8EEFIAT % Using llusion

+ ZTDMDEERE
— REREEFIEAHSCSCW .~ From Ray Control to CSCW.
— RERER A FIE A SIRERHE A~ From Ray Control to Eye Control

HMDAMDAATHEFRBR T RTLAIZES L
If we use HMD camera for Ground fixed Display

HMDcam

Ground fixed Display

HMD sytem

W

Head rotation change position and distance
= The world is twisted



http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15
http://itsa.blog.so-net.ne.jp/2010-01-15

(BE)REBETARATL A AN AF(Yanagida et al.1999)

Camera for Ground Fixed display

o EITUUITKY, AATHEICE
EEZRV-FFEEER
Parallel link moves the cameras
while they always looks in front.

Virtual Screen

« Treat the Video stream in
CG world.

« Put “virtual screen” on any
place of the CG world.

« “Texture map” the video
stream.

« Conversion of HMDcam to
IPT is possible.

AV 859747 Bl

ZTOMDEE R (2) FEEN DORE((E)
Other concerns(2) Time Latency(rep)

auy |

o BEOBEHLEEE TICHEEN.
Latency between head motion and image display

B

+ EZ%iR>71=£EF When the head rotates: b
- ERAEOEEICHNTG
The image moves
o ERIFAVOTIAN. LHALITERICBILTIEIEL, BITEAR L;
ISOFTHELELS.

— HMD: W
— XEZ! Ground fixed disply:
The image does not move, but distort.

A

-+

TODAY’s TOPIC

» 3DT1AFLA.73D Display
- HMD
* HMD&ERAS.HMD & Camera
* HMD&AR /HMD & AR
- BRiHER ~Environmental Display
« AfFHY.With Eyeglasses
- BRI LD AS  Envionmental Display & Camera
« AHREELWithout Eyeglasses
- EHOBIESMEE AN Input Different Images to Two Eyes
— K1) 2a—AR) w97 B AL Volumetric Reconstruction
— RBRBEOFIEI LD 1R AL~ Ray Reconstruction
— $EHEEFIAT % Using llusion

+ ZOHDEERE
— NAREEHIE A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SRR FIE A~ From Ray Control to Eye Control

Control Rays

Normal | Lenticular |

| Parallax Barrier |

=

7
I
<
iy
|
v
23

®®

o o

I
et
1

Pixels

Pixels Pixels
‘Put different rays to different direction
‘No Eyeglasses!

‘No Head tracking!

‘Resolution is lowered

Y-Aono (2010)



http://www.nicovideo.jp/watch/sm12402466

EX=E3DS
/ I ',} ‘ | GeoLE)
-~ DA . . | |- —{ | (o AN . .«
A

TR | [Jrosan | [ 57 T A2

A 'y

- . Pt
A A A A uF:th?oN A A
——— VPO eeee— |

« NUTHODKERE 2D 3DYIYEZ

LCD layer for parallax barrier:2D/3D mode change

http://www.sharp.co.jp/products/device/about/lcd/3d/index.html

TWISTER: Use Moving Parallax Barrier

i

parallax barrier

LED array  LED array
for lefteye forright eye .,
N
l .
/

®Left and Right eye receive different LED light by the barrier.
®Rotates very fast, and the barrier “vanishes”

http://projects.tachilab.org/TWISTER/

TWISTER-IV

— HMD

TODAY’s TOPIC
« 3DT1ARTL1.73D Display

* HMD&EAAZ./HMD & Camera
* HMD&AR /HMD & AR
— IR53%! ~Environmental Display
« AfFHY.With Eyeglasses
- BRI LN AS/Envionmental Display & Camera

« A RIELWithout Eyeglasses
- EAOBIESMEE AN Input Different Images to Two Eyes

— R a—AR) o7 EHERL~ Volumetric Reconstruction

— RARBED I & B B 17 MBI ~Ray Reconstruction

— $EHEEFIAT % Using llusion

. ZTORDEERE

— NAREEHIE A SCSCW A~ From Ray Control to CSCW

— FERBER AT A SRR T~ ~From Ray Control to Eye Control

Volumetric Representation

* Rotate or vibrate the screen or mirror
+ “Cross-section” image is projected
according to the motion.

28597 4T Bifiksin



http://www.sharp.co.jp/products/device/about/lcd/3d/index.html
http://projects.tachilab.org/TWISTER/
http://www.youtube.com/user/tachilab

Volumetric representation by layered LCDs

»

« LightScape Technologies
DepthCube 21024

. Z7')—/0)1§Z§|J€'?'é,&aax
Ry - /-v J’S'— 0%, DLP
DI )A—TE@EEE.
20 LCD shutters are stacked as
layered screen.

o 20DA, BITIRE T vya—h
E{%éo BRICRI—UDEKD &

o
One shutter works at a time,
equivalent to moving screen.

A B350 T17 Bl

TS5XITARFT LA /Prasma display

o FHL—HP—E—LEEMBIZT+—HRL, ER
ETS5XTIELTHILEE S Focused IR Laser
beam generates prasma light spot

. TS FEAE

FoULRL—F—

http://www.aist.go.jp/aist_j/press_release/pr2006/pr20060207/pr20060207.html|

Virtual Cable http://www.mvs.net/

o IS—+HIRBIFIC ;ésmm@z&vn/waxra
EJEG)%L%&I:H’

¢ ERICEGHLELCDOTEEBMAEICKEFLZL

Virtual Cable http://www.mvs.net/

Fig. 3 Hardware components the Virtual Cable™ display fillustration)

INAAZ=ZF7DAR HUD

TODAY’s TOPIC

+ 3DT1ARFL 43D Display
- HMD
* HMD&RAF./HMD & Camera
+ HMD&AR /HMD & AR
— RiER ~Environmental Display
« AaHY./With Eyeglasses
« BRI LD AS /Envionmental Display & Camera
« AHR7ELWithout Eyeglasses
- EAOBISESBEZE AN Input Different Images to Two Eyes
— RYa—ArY v o EHER. Volumetric Reconstruction
— RARBED I & B 217 MBL{E ~Ray Reconstruction
— $HEEFIAT 5. Using llusion

+ ZTOfDEERE
— NARBEFIE A SCSCW A~ From Ray Control to CSCW
— SRR S HE A SRR FIE A~ From Ray Control to Eye Control

11


http://www.aist.go.jp/aist_j/press_release/pr2006/pr20060207/pr20060207.html
http://www.youtube.com/watch?v=koEyBO_RxZE&feature=player_embedded

Lo XF7L4AR.~Using lens array

o LUFXAT—LURE2RFTICHRER
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

Rays producsd 0 x
viewing angle

by certain pixels
» A

A
& P: Virtual light source

Lens armay e e &5

Lco :\:c::uE:Echm:-:E o -
7 Pixels for reproducing P~ _—
Pixels for foaming an slemental image

http://www2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html

gCubik (Yoshida et al)

BiRtRFHERAN-2EEEERE3D
T4RAF LA (B3L. 2004).” Rotational 3D
display using Retroreflector

O[IEER V) —IT RAENLR-BEEERE

Images from different direction is projected on rotational screen.
O )—UIFKER A DHEIFHEREHFEZED (COFEA
WEAEMTIEE S ))

Screen is retroreflective only for horizontal direction

REFRBIR

)=

RePro3D (T. Yoshida et al. 2010)

= Pd &bty P

EEE
BRBE=S+LUXTLAT
BB IR R
OHIFMERHFMICEDE A
DER
Projector array and
retroreflector generate eye
http://www.jst.go.jp/pr/announce/20101012/index html ~ POsition dependent images.

RePro3D (T. Yoshida et al. 2010)

http://www.youtube.com/watch?v=8TbSBYiwZIs

SeelLinder (Yendo et al., 2005)
Using the parallax barrier in a different manner
LED arrays move relatively slow

LED array

Barrier rotation
—_——rt
S

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast
Omni-directional rays
are constructed

A2 850T 4T Bk

12


http://www2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html
http://www.youtube.com/watch?v=H4ShPbCve2M
http://www.jst.go.jp/pr/announce/20101012/index.html

SeelLinder (Yendo et al., 2005)
-_— — —

-Rendering for an Interactive 360° Light Field Display
-HeadSPIN (A. Jones, 2007, 2009)

( o satonco
EERIS5—REITRATZ71499T4)L s, BEFMIHRE.
KEARIEEARST >I5—OEBHSULMBREN R Z AL
Rotational mirror has holographic film, enabling vertical
diffusion and horizontal reflection

Rendering for an Interactive 360° Light Field
Display(A. Jones et al., SIGGRAPH2007)

http://vimeo.com/5812643

HeadSPIN (A. Jones et al., SIGGRAPH2009)

TODAY’s TOPIC

+ 3DT1RFLA /3D Display
- HMD
* HMD&SAF./HMD & Camera
* HMD&AR /HMD & AR
— IRiEHE ~Environmental Display
. AHF&HY./With Eyeglasses
« B LD ASEnvionmental Display & Camera
« AHF7EL Without Eyeglasses
- EADBISESKEZE AN/ Input Different Images to Two Eyes
— RYa—AR) v B~ Volumetric Reconstruction
— RBBEOFIEIC LSS 1R HE~Ray Reconstruction
— $8EEFIAT % Using lllusion
+ ZTODEERE
— SAREEHE A SCSCW A~ From Ray Control to CSCW
— SRR SHEA SRR FIE A From Ray Control to Eye Control

Is 3D display really necessary?

* Maybe, bu not for all works
— Yet too expensive, and contents are limited.

— To “observe” something, resolution is more important
than 3D. (You can observe with single eye!)

* However,

— To handwork in a virtual space, “distance” perception
between myself and the CG object is critically
important.

A2 850T 4T Bk
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http://tachilab.org/modules/projects/seelinder.html
http://vimeo.com/5812643
http://vimeo.com/5812643

&L S8EE ~lllusion by floating image

o ERIZ(HOXZAHEOBRENZFNTNSESE,
NITBEFISTIRE RIS
When the image is floating in the air without
anchorage, we feel it as 3D

250747 Bl

20—T4EDIY
Floating Vision (/s1#4=7, 2008)

=200 XICLURBRL AR R EME

P ‘A

Graphic Virtual Graphic
(image)
i L DBk i3 L X

[\717!]!-')1?\;4)

_@

Lens

http://www.schaft.net/n00bs/2010
/02/24230148.html

Fog Screen

http://www.fogscreen.com/

ﬁﬁﬁ{:ﬁ;ht%ﬂ

TO—T42 T E 3y (44 =7,2008)

http://www.youtube.com/watch?v=Wzx9zid_FoA

TILT)vESNE .~ Pulfrich Effect

- WMEDREMNEIHUIIRENTTRS
Put eyeglasses with two different darkness for each eye

+ BEEDEVCIO>TRNDREFERIGEICHHZEEELD.
Different brightness genertates temporal difference

© BEOEDOEBEICE>THENEL, RITENRRIND
}-Iorli.zontal motion of the movie causes disparity, generates 3D
eeling

EWVW3SHhIIT

ZIAZIOEO A M

MEHTELIETHIE

14


http://www.schaft.net/n00bs/2010/02/24230148.html
http://www.schaft.net/n00bs/2010/02/24230148.html
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
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SLASEIRIRS ~Pseudo 3D by 2 stacked images

* NTT:Spacelllusion
— DFDAR :BABEDELDIE—DZHMDEBREERTRTT DL,
RiTERERLONS (RHEMEPhantom Sensation?)

REI] 4

http://www.ntt-it.co.jp/goods/idp/dfd/principle.html

TODAY’s TOPIC

. 3DF4RFLA.~3D Display
- HMD
* HMD&EAAS/HMD & Camera
+ HMD&AR ~HMD & AR
— IR55E! ~Environmental Display
- AAFRHY.With Eyeglasses
< BE5R L5 45 Environmental Display & Camera
« AAFIELWithout Eyeglasses
— EAOHISESBEE AN Input Different Images to Two Eyes
— RY2—AbY v 5% B~ Volumetric Reconstruction
— RARBEDHIEIC &S B 17 SR ~Ray Reconstruction
— $8HEF AT 5. Using llusion

© ZTOMDEERE
— FIREEFI A SCSCW A ~From Ray Control to CSCW
— RAREER I A DR IR FI I~ From Ray Control to Eye Control

Illusion Hole (Kitamura et al., 2001)

mask

user's eye point (b)
users L]

L2859 T 4T Btk

lllusion Hole (Kitamura et al., 2001)

Lumisight Table (Kakehi et al., 2003)

- ERILZOEERMIL
SRTA RO AEIZ
BLTRANTUHZ
RIDESIZEFEPLIFTR
AZBEINEDIFET1
IWATAIV L,

« Light control film
“Lumisty”: works both
as diffuser and
transparent film for
different angl

Lumisight Table (Kakehi et al., 2003)

s AADRI 2 DR EEIE
Different images for different user

- BRAREZMALTFOHE
ZHIE
Simultaneous motion analysis
is possible using transparency

User B's view User C's view
2 ser (R~
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http://www.ntt-it.co.jp/goods/idp/dfd/principle.html
http://www.ntt-it.co.jp/goods/idp/dfd/principle.html
http://www.ntt-it.co.jp/goods/idp/dfd/principle.html

TODAY’s TOPIC

» 3DT+14ARFLA.73D Display
- HMD
* HMD&EAAS./HMD & Camera
+ HMD&AR /HMD & AR
— BBiE%_~Environmental Display
« AF&HY.~With Eyeglasses
« BRI HAS Environmental Display & Camera
« AAFIELWithout Eyeglasses
- EAOBISESBEE AN S/ Input Different Images to Two Eyes
— RYa—xrY v B Volumetric Reconstruction
— RARBEDFIEIZ &S Z 17 HBR{R~Ray Reconstruction
— $EEEFIAT S Using lllusion
+ ZTDHhDEEE
— NAREEHEASCSCWA~From Ray Control to CSCW
— SARBER S HEH A SRIRFIE A From Ray Control to Eye Control

AREKZEEN D FIFH.~Using eve movement
A

- 2fEFEDIRIKES)
— Smooth Persuit GB B 14385
EREREE))
oY EFINSIE REBIFS
ZMEE M DRREKEE].
— Saccade(BkiEEARERIEE))
ATv7 L ORKED). FHE.

AVBSDTAY murtTam

R L—X/3—ZX—+DFIFA.~Using Smooth persuit
F—LETar il

BRBARRACR A L TE RIRE L \LED. F — LBl T 3R (R 3R R TH LT & - H0 DR EA- T4
FALTLET T, IFHER N IR TEET.

i OBIBTAR EEOBAIETRR2

DR TS AR ETEN T RO E AL 0T EEEEAN—FEISMEEI SO0 )L
SEDIH RS T BRI TS ERS R ERCUMSER TR T 20T T,

COEDTEEIERL ST T AT DR EEN CEAL T AN A SE TEER T,
http://www.avix.co.jp/service/billboard/pole_vision/index02.html

[R=JEPa>]

TEVIR#K)R—ILEDaY

=PASSAGE

http://www.youtube.com/watch?v=KhpMzN Yetis

Saccade Based Display (Watanabe et al)

o Yubr—RREMICKECEKET S

s ZOBRMICRIRICEEZAL LT, —ADLEDFIT
BERZEIRRTED
— (KBRTEDGF: BBGATAT7—La5F Y=—ITHRTA—5H(IVR)

Presentimage at the instance of saccadic eye movement, using linear
LED array _
=

http://www.junji.org/saccade/index.htm|

Saccade Based Display (wWatanabe et al.)

http://www.youtube.com/watch?v=d_pjvSt3w18
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

INF R Mini Test REIRIEET

LT O£ TIZ100F LA NZE TRE £ & Answer all questions within 50 words

1. HVDDEBMGRFRIZE T ALY XDEEDNTHEAL &
Explain the role of convex lens in HMD.
2. ARERRYTHHMDOHRRMBZ DDA REBAEESRA
What are two types of HMD for AR?
. ARIZE SR RS ORMBEI DV THRAE &
Explain problem related to focal distance in AR system
4. ARIZHTHERMMBICOVTHBAE &
Explain problem related to occlusion in AR system.
BRIAVEERAWVRBLERTILAS—EERTEHECOVTHAL &
Explain how to realize full-color stereoscopic display by wavelength filter.
. 3DBREISH[THFROMBECONTHRHAL £
Explain problem related to caption in 3D theatre.
7. LyFXAS—(TRYBREEEMRTHHEITOVTREAVTHRAL &
Explain by figure how to achieve parallax by lenticular lens
8. NSTVRNYTICEYREZERT B EITOVTREANTHRAE &
Explain by figure how to achieve parallax by barrier.
. TLTYVEBRISOVTHBE &
Explain Pulfrich effect

w

o

o

©
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