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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
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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:BITEDRT
Stereoscope display can present Depth
« =HEEXMRDIEHDRT
Distance between image and myself is perceivable.

« DFEYIDTARTLAIHRRZRT ENYTHL HEZBAERE
TEREES
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

« 3DT4RTL4.~3D Display

— HMD
* HMD&EAAS . HMD & Camera
* HMD&AR HMD & AR

— IRER Environmental Display

. A REHY . With Eyeglasses

« BRiEEIEHAS ~Environmental Display & Camera

« AHR7EL~Without Eyeglasses
- EEDHIESHUE%E AN Input Different Images to Two Eyes
— R a—AR) o7 EH#E R~ Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
- 88 %FIMAT 5. Using lllusion

« TDDEERE
— NEBEHIEMSCSCWA_~From Ray Control to CSCW
— RAREEIR S H SRR FIE~ . From Ray Control to Eye Control




Two types of 3D displays

* HMD.”Head Mounted Display
. EZEEGround-Fixed Display

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

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

A8 T4 TEAM R




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.

A5 T1 T B R

B[ & 56 F
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

» Grand-Apprentice
— Jim Clark: Founder of SGI and
Netscape
— Alan Kay: Proposed the notion of
personal computer “Dynabook”

A8 T4 TEAM R




HMDIZ HBEEE.HMD as a magnifying glass
- MARICELZSHIRE

Two separate images are displayed to each eye.

- BERRLERHAINIA
Head position is tracked by,
Mechanical Link,
Gyro
Acceleration Sensor
Magnetic Sensor
etc...

- RIRGRAFRTHEZIRS
“Magnifying glass” optics is used to keep distance

between eye and image.

TODAY’s TOPIC

« 3DT4RTL4.~3D Display

— HMD
* HMD&EAAS . HMD & Camera
+ HMD&AR HMD & AR

— IRER Environmental Display

. A REHY . With Eyeglasses

« BRiEEIEHAS ~Environmental Display & Camera

« AHR7EL~Without Eyeglasses
- EEDHIESHUE%E AN Input Different Images to Two Eyes
— R a—AR) o7 EH#E R~ Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
- 88 %FIMAT 5. Using lllusion

« TDDEERE
— NEBEHIEMSCSCWA_~From Ray Control to CSCW
— RAREEIR S H SRR FIE~ . From Ray Control to Eye Control




HMDR®DAAS &L ? ~Camera for HMD?

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

A 859 T4 TE MR

TELESAR (Tachiet al., 1989)



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

Master
remote Ima

M‘w\cf

TOrso (Watanabe et al. 2007)

Rotational
Axis

Torso (Watanabe et al. 2007)

TORSO

Completion of

egocentric telegnosis system



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

BEER[EER 7 MREGL
Head Rotation? No problem!!

Robot Camera HMD

Seems obvious??

ZTOMDEER (1) RMEEREREFADRE
Other concerns(1) Eye distance & view angle
« ERMEIEEEE (HASMHEEERE) DA —E: MRIARET>EEHHE Aor

INNIZIEST=DDEIBRE. (LARRBLL0DIFEER])
Difference of eye distances generate odd size feeling (miniature garden)
[ ]

. N/ ‘;7(
- RE A DT —E Difference of viewing angle

- BIFENEHMLLAS. Distance is changed
- BENEERZEFOR, EEOYANBREEDEIC>DNTEKL, #HM

25N 5. When head rotates, objects “move”.
- IREFFEHOTHITzEEDEMEE

10



ZOMDFE R (2) HEENDRRE

Other concerns(2) Time Latency

swi ]

- BEOBEIEMLBEFETICHEEN.
Latency between head motion and image display

N

« E%iko1=£EF When the head rotates: A %

— HMD: W
o EHEAE DEERIZFTLVTLD *
The image moves
— FREZ Ground fixed disply: w
- ERIFFHVTIAL. LALITHRRICELTEED, Bgeam © O

SOF HEELS. v
The image does not move, but distort.

awl |

HMD®DFIE &R 5.~ Pros & Cons of HMD

- {TENEEEMLLY. Users can walk freely

- BROBZEEL-HESERNENELGS, FFE
B, BT il Ta/NARI Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

o EEORYN(FAAT) EOMEEMRLY. Easy to
design distance robot camera.

- EETLHOTEL., FIER Heavy and feeling of
being caged

o EENEINSONAMIAZTA = — 3 IZ[ETM
/ Face is hidden, meaning two way
communication is difficult.

o REAEZKREEHEEHEHLLY. Design of large
field of view is quite difficult.
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TODAY’s TOPIC

« 3DT4ARFLA.73D Display

— HMD
*+ HMD&A A5, HMD & Camera
« HMD&EAR HMD & AR

— IRiEE! ~Environmental Display

. AHRHY . With Eyeglasses

« BiEREIEHAS ~Environmental Display & Camera

« AHR7ELWithout Eyeglasses
- EADHEISESHEE AN S Input Different Images to Two Eyes
— IR a—AR) v o7 B R~ Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
— 88 % FIMAT 5.~ Using lllusion

« TOMDEERE
— FRAREEHIEHASCSCW .~ From Ray Control to CSCW
— RAREEIR S H A SRR FIE~ . From Ray Control to Eye Control

Augmented Reality (AR) and See-Through HMD

* Overlap CG image and the real world
— EF74 Y —XJL—Video See-Through:Capture the real
world by camera.

— T F4HILP—RJL— . Optical See-Through: use half-
mirror & optically overlap

BSY T4 TR

12



See-Through HMD (video see-through)

ARMDfERE (1) & AR &

OHMD& : {5 LB MV RFEDOTL VA
HMD image is always at the same distance.

OEHADYIA R IFHEFD

Distance of real world object is arbitrary
MAZREBEIZV)T7ICRHIENTEREN
User can’t clearly observe the two simultaneously.

ALETEMRLIESTS
Video see-through partially solved the problem, but the real
world image is different due to large depth camera.

13



AR®D 1 (2) HE fk
Problem of AR(2) Occlusion

At |

SECAVE

(A) BE DOHMD. Ordinary HMD
(B)EA R IERLIKEE. Ideal occlusion
(C)See-Through HMD.
(D)EREZE! .~ Ground fixed display.

HEIREEIAAEHMD Retina scan display

» Washington university, HIT Lab(‘99)

© L—HRIRICEDHMIREEAH Scan retina by laser beam
— BREDOL VXL DEEEIATE Image of Pixel

C&D Electronics | -

Red Laser
Diode

v A=
=N J-l. \
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http://www.hitl.washington.edu/projects/vrd/

TP —TXDOREEETARTLA
Retina Scan display by Brother Inc.

e st = R HiELIC
h::gglm%ﬁ;hl_&amﬂug Device IJ l/_ LJ '\/X ﬁ 71_1 é hf.‘.’_ ,ﬁ\‘f%
(=] iﬁoriii}]:‘:ﬁ—) ________ \
sk B o
E{R{ES

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

TP —TITEXDOREEETARATLA
Retina scan display by Brother Inc.

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

15


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

BIRMERFMEZAVN-ERESZT OO LI4

Head Mounted Projector by Retroreflector

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

4 a , ‘
7__; S Ton U
y t N\ T
_?‘ e | - : g \
\ .t" =
s

Bt RS+
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.

A8 T4 TEAM R
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http://projects.tachilab.org/rpt/

RPT: Retro-reflective Projection Technolog

NoaE N

specular reflection diffused reflection retro-reflection

B
A\

*Use retroreflector and projector

*Problem of focal distance is solved.
*Problem of occlusion is solved.

*Stereoscopic image can be presented

17



Optical Camouflage by RPT (Inami et al.)

real scenery

observer half mirror .
‘ retro-reflective cloak

N

computer

video camera

|

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

18


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 859 T4 TE MR
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TODAY’s TOPIC

« 3DT4ARFLA.73D Display

— HMD
* HMD&AAS . HMD & Camera
« HMDEAR ~HMD & AR
— IRiEE! ~Environmental Display
o AfiF&Y .~ With Eyeglasses
« BiEREIEHAS ~Environmental Display & Camera
« AHR7ELWithout Eyeglasses
- EARDBEISESMEEA NS Input Different Images to Two Eyes
— IR a—AR) v o7 B R~ Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
— 88 % FIMAT 5.~ Using lllusion

« TOMDEERE
— FRAREEHIEHASCSCW .~ From Ray Control to CSCW
— RAREEIR S H A SRR FIE~ . From Ray Control to Eye Control

Two types of 3D displays

« HMD.”Head Mounted Display
« EREZE_~Ground-Fixed Display

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

20



Ground Fixed Display

5mCAVE

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

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

.

A5 T1 T B R

Filter (1) Color Filter

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

— $$Cheap!$$
— Color is strange.

21



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!

* Most beautiful 3D display for
current technology. fon Bve Fter
— “Dolby 3D” employs this method

Projector

A wavelength

.

A wavelength

pr— Left Eye Filter
EBE740L%

Screen

»

wavelength

Filter (2) Polarization Filter

Projector
Jnvos

Ao )=
Screen

L~

=
—=)

Ty

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

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

22



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)

AVATAR2009)
o LOMDARTRFFLEESNI-

— 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
- 3DDIFRIFEZEHIE - ARDEEIZFLL
Showed problem of “caption”: Equal to AR problem
XpanD

RealD Dolby3D IMAX3D
|

23


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

TODAY’s TOPIC

« 3DT4ARFLA.73D Display

- HMD
+ HMD&EAAS.HMD & Camera
* HMD&AR ~HMD & AR

— IREER ~Environmental Display

. AHRHY . With Eyeglasses

+ EERILH A5, Environmental Display & Camera

« AHR7ELWithout Eyeglasses
- EADHEISESHEE AN S Input Different Images to Two Eyes
— RYa—AR) v o1 EHE R Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
— 88 % FIMAT 5.~ Using lllusion

« TOMDEERE
— FEREEH A SCSCW .~ From Ray Control to CSCW
— RAREEIR S H A SRR FIE~ . From Ray Control to Eye Control

HMDADAASEFRER TARTLAIfES L
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

Ny

VW

Head rotation change position and distance
= The world is twisted

24



(BZ)TBEE T A RATLABHAS (Yanagida et al.1999)

Camera for Ground Fixed display

&

o FITULIIZKY, WASHEIZE
EmEmZERW-FFEEER
Parallel link moves the cameras
while they always looks in front.

Yaw axis  ameras

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.

A8 T4 TEAM R

25



ZOMOEES () BREBLOMBE®E)
Other concerns(2) Time Latency(rep)

Eﬁ?

« BADEIEHNLHEEE TICHREEN.
Latency between head motion and image display

w

) ’

4

" %

s BZHR->1=£ZF When the head rotates: A\
A%

— HMD:

« EENEOREERITHNTS
The image moves i
"

™

9|-|-|!l

- FREHE Ground fixed disply:
o EREAVTIAL. LALAREICELTIRELD, BiFEam

ET
ICOFAHEELS.
The image does not move, but distort.

awl |

TODAY’s TOPIC

« 3DT4A4RTLA.73D Display

— HMD
e HMD&EAAS HMD & Camera

« HMD&AR HMD & AR
— I&iER! ~Environmental Display
o Af&HY .~ With Eyeglasses
« RiERILH A5,/ Environmental Display & Camera

o AfF7EL.~Without Eyeglasses
- ERDHISESKEE A NS Input Different Images to Two Eyes

— RYa—AN) v o EHE K. Volumetric Reconstruction
— ARBEOHIEIZK S Z 1R RS Ray Reconstruction
— #EFHM AT 5.~ Using lllusion

s ZTDhDEERE
— NERBHIEHMSCSCWA.~From Ray Control to CSCW

— NEBBHR A FIE A SRR HIEH A~ ~From Ray Control to Eye Control

26



Control Rays

Normal Lenticular Parallax Barrier

+ o @DZ.'{ >
Y

v

ANV

[]
Dr
L
© © -

Pixels

Pixels Pixels
‘Put different rays to different direction
‘No Eyeglasses!
‘No Head tracking!
‘Resolution is lowered

|
LN
X
|
-

Y.Aono (2010)

27


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

EXE3DS

«
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»-

« N)7HADKRERE: 2D 3DUIYEZ
LCD layer for parallax barrier:2D/3D mode change

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

TWISTER: Use Moving Parallax Barrier

LED array  LED array
for left eye  forright eye

\

parallax barrier

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

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



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

TWISTER-IV

TODAY’s TOPIC

« 3DT4RXFLA.73D Display

— HMD
e HMD&EAAS HMD & Camera
» HMD&AR ~HMD & AR

- IRIEE ~Environmental Display

o AHHY.With Eyeglasses

« RiERILH A5, ~Environmental Display & Camera

o AHR7EL.~Without Eyeglasses
- EADBISESHEE AN S Input Different Images to Two Eyes
— RYa—*K) v o7 B Volumetric Reconstruction
— ARBEOHIEIZK S Z 1R RS Ray Reconstruction
— #EEHM AT 5.~ Using lllusion

« ZDHDEERE
— NERBHIEHMSCSCWA.~From Ray Control to CSCW
— FRER S FEH SRR F A~ From Ray Control to Eye Control

29


http://www.youtube.com/user/tachilab

Volumetric Representation

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

A5 T1 T B R
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Volumetric representation by layered LCDs

+ LightScape Technologies
DepthCube 21024

o« AP)— JO)TQEWE_?—%)/&HHX
U2/ A2 J’)" 20%, DLP
DO —TEmRE.

20 LCD shutters are stacked as
layered screen.

. 20MDW, BITIKIZF T rvi—h
@%ﬂéo SIRIZRD) =V WEKDE

One oshutter works at a time,
equivalent to moving screen.

A5 T1 T B R

TS5 XIT4RT LA ~Prasma display

« FNHL—F—E—LEEMBICTFr—HAL, ER
75X IELTHI;SHE S Focused IR Laser
beam generates prasma light spot

@ TX< Rkl

Fohr UL AL —HF—

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

31


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

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

. 35— +HEBHFICLH3RTEETOVMISRTE
BEDHN - RIET
. ERCEEAE DO TEBLEIKELEL

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

(1} Cowsring filtsr
{2) Eye lens group
(3) Folding mirror

{4) Relay lens group
{5) Projection screen
{5a) Path of laser spot
{6) Projection screen
actuator

{7} Laser beam

nnnnnn

{11) Circuit board

Fig. 3 Hardware components the Virtual Cable™ display (illustration)

32



TODAY’s TOPIC

« 3DT4ARFLA.73D Display

— HMD
* HMD&AAS . HMD & Camera
« HMDEAR ~HMD & AR
— IRiEE! ~Environmental Display
. AHRHY . With Eyeglasses
« BiEREIEHAS ~Environmental Display & Camera
o A F7EL.~Without Eyeglasses
- EARDBEISESMEEA NS Input Different Images to Two Eyes
— IR a—AR) v o7 B R~ Volumetric Reconstruction
— RREEDOFIEIC LD LR Mm%~ Ray Reconstruction
— 88 % FIMAT 5.~ Using lllusion

« TOMDEERE
— FRAREEHIEHASCSCW .~ From Ray Control to CSCW
— RAREEIR S H A SRR FIE~ . From Ray Control to Eye Control

LA 7L A4/ Using lens array [0

« LUFFa25—L U RXE2RTTIZHRAR
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

v, A
Rays produced Curo " A 20
by certain pixels viewing angle \\ \ \(// /
@ P:Virtual light source A > X _/'/
A r\_v Sy
‘\_\.

‘:f fa)
L \ \ \ A (‘}l
ens array — =Tt e r ma e <
LCD D:jjj::ﬂ@:ﬂimqui @] ey
- -
7‘ Pixels for reproducing P~ _~"

Pixels for foaming an elemental image

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

33


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

gCubik (Yoshida et al)

(1Py//www.youtube.com/watch?v=H4ShPbC

HirtrRFAMzAN-2EBEERE3D
T4ATL 4 (B3IL. 2004).” Rotational 3D
display using Retroreflector

O[LIL RV ) —(, HHEL L RI-BREERF

Images from different direction is projected on rotational screen.
02— I KEA MDA B IFEHERFEFEEE D (CORMENGT
WEIEMTRES))

Screen is retroreflective only for horizontal direction

34


http://www.youtube.com/watch?v=H4ShPbCve2M

RePro3D (T. Yoshida et al. 2010)

FOV 28T L

BMEEHH

SEE
BBERE=ZZ+LUATLAT
N ol ft -5
OHEFMERSIMIZLEEMRA

o b
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

35


http://www.jst.go.jp/pr/announce/20101012/index.html

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

LED array

Barrier rotation

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast

Omni-directional rays
are constructed

A 859 T4 TE MR

SeelLinder (Yendo et al., 2005)

36


http://tachilab.org/modules/projects/seelinder.html

-Rendering for an Interactive 360° Light Field Display

-HeadSPIN (A. Jones, 2007, 2009)

~ {
~ A
& L
[ audience
[

s : | N
BERSS—RMEITRAYT 5749974V L, BEARIZHLEL.
KEARIFIEBEERGS -IS—OEEmIGLNRENRZAL

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

37


http://vimeo.com/5812643

HeadSPIN (A. Jones et al., SIGGRAPH2009)

TODAY’s TOPIC

« 3DT4RXFLA.73D Display

— HMD
e HMD&EAAS HMD & Camera
» HMD&AR ~HMD & AR

— RiER! ~Environmental Display

o Af&HY .~ With Eyeglasses

« IBERILHAS,Environmental Display & Camera

o AHR7EL.~Without Eyeglasses
— EADBIESBMEZE AN S Input Different Images to Two Eyes
— R 2—AR) o B R~ Volumetric Reconstruction
— ARBEOHIEIZK S Z 1R RS Ray Reconstruction
- #&HEZF AT 5. Using lllusion

« ZDHDEERE
— NERBHIEHMSCSCWA.~From Ray Control to CSCW
— FRER S FEH SRR F A~ From Ray Control to Eye Control

38


http://vimeo.com/5812643

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.

A5 T1 T B R

ZEh{&IZ&BEEE ~ lllusion by floating image

o ZERC(HDXAHNEQBRENZENTNDES,
ANIEREFICTILARR I EHIMT S
When the image is floating in the air without
anchorage, we feel it as 3D

B3O T4 TR
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Fog Screen

http://www.fogscreen.com/

JA—T42JE Ay
Floating Vision (/344 =7, 2008)

—DDOL > ZIZLUERL = RIGETE

(b

Graphic Virtual Graphic
(image)
B DR $5 23D L X

Lens \ f‘!-{')ﬂb:z}f?i.--f}

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

s ] :ﬁ;h ToBR{R
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http://www.schaft.net/n00bs/2010/02/24230148.html
http://www.schaft.net/n00bs/2010/02/24230148.html

JO0—T 429 EDaY (844 =7,2008)

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

TILT)wEsER .~ Pulfrich Effect

- MEHORENEIYUISRENTTRS
Put eyeglasses with two different darkness for each eye

« BLEEDENI-OTRADREIRBIGEICFHFEZELS.
Different brightness genertates temporal difference

© FEOBEOBSICEO>THENEL, BITENAKRBRSND
Horizontal motion of the movie causes disparity, generates 3D
feeling
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EWVWINIFT

ZIOZOFHEDIA +E

MEHTENMNME THI:

S {A$E1RIR &R .~ Pseudo 3D by 2 stacked images

* NTT:Spacelllusion

— DFDAX:BASEDELIR—D _KDEBETERTERRT HE.
RITERERLLNS (REMLEPhantom Sensation?)

WEEDFDARIL

Y

£l

x/
3
J
kS

r
g‘pﬁ‘

P ———————
:

http://www.ntt-it.co.jp/goods/idp/dfd/principle.html
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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
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
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

« 3DT1AFLA.73D Display

- HMD
+ HMD&EAAS.HMD & Camera
+ HMD&AR ~HMD & AR

— IRER Environmental Display

o AHHRBHY.With Eyeglasses

. RIFRILH AT Environmental Display & Camera

« AHR7ELWithout Eyeglasses
- EAEDHBIESHUEE AN Input Different Images to Two Eyes
— IR a—AR) v o7 B R~ Volumetric Reconstruction
— RARBEDOHIEI KD B4R RS~ Ray Reconstruction
— 88 % FIMAT 5.~ Using lllusion

« TDDEERE
— FRAREEHIEASCSCW .~ From Ray Control to CSCW
— RAREEIR S H A SRR FIE~ . From Ray Control to Eye Control

[llusion Hole (Kitamura et al., 2001)

mask

display surface
(a)
user's eye point (b)
A

user's user's
eye point eye point

@ . | A7

A8 T4 TEAM R
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lllusion Hole (Kitamura et al., 2001)

Lumisight Table (Kakehi et al., 2003)

- FRILZDEERMIL
SATAREDAE|S
WCTHRANTYHS
AIDEDICIFPRIFTR
ZBHEINEBDIFET«
IWET1IL L,

+ Light control film
“Lumisty”: works both
as diffuser and
transparent film for
different angle.

I —
|

------
.....

44



Lumisight Table (Kakehi et al., 2003)

o AANDVE R DB EEER
Different images for different user

- EREZFALTFOHE
ZRIE
Simultaneous motion analysis
is possible using transparency

- o nze
hﬁ:&f‘k | User B's view User C's view

. S la . U’ser B UserC -
| A e
5 ! ‘ 4 Usersw> _ a
| ' ‘ User A's view ‘ User D's view
FJN n( n.!n 1| Iw“ '\%&

TODAY’s TOPIC

« 3DT4RTFL 473D Display

— HMD

* HMD&HAS . HMD & Camera
« HMD&AR HMD & AR
— IR$ER ~Environmental Display

o Af&HY .~ With Eyeglasses

« RiERILH A5,/ Environmental Display & Camera

o A A74EL.~Without Eyeglasses
- EAOBIESHUEE AN~ Input Different Images to Two Eyes
— RYa—AR) Y7 B~ Volumetric Reconstruction
— ARBEOHIEIZK S Z 1R RS Ray Reconstruction
— #EFHM AT 5.~ Using lllusion

« ZTDHDEERE
— NERBHIEHMSCSCWA.~From Ray Control to CSCW
— FREER S FEH SRR F A~ From Ray Control to Eye Control
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BREXE ) D 7 .~ Using eve movement

. S ORER) ;
— Smooth Persuit G & 1418 B |
AREKIES))
WpoKY EFKINSTE A E BN
BREE M DIREKEE.

— Saccade(BkIEEERERIEE])
ATvT L DOIREKES). FhEE.

A BTV TAT 0THFam

A L—ZX/N—X—+®DFIA .~ Using Smooth persuit
R— W Var i
BRRARRF IR S ML TE RELL ILED, A — L2/ T I 3R Gl 3R B Tl i & B lEsii e %
FRALTLETOT. I rERFE e cRRTEE T,

RN T I A EIETEN TOROPPYE R A E2T. EEESA—AEI M EE 50— )1
BEDIOCL ST BRI TSR SR F RO UM E RIS TR0 T T

ZO LD TR IETEFERL SIS T (R S EmEF R AL TR FEMA S o TEE T,
http://www.avix.co.jp/service/billboard/pole_vision/index02.html

[FR—JLEZ=2 ]

I B RAERER!
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

TEVOR(BR)R—ILEDIY

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

Saccade Based Display (watanabe et al)

o Yubr—k REIRICKECEKET D

o ZTOERMBICHEIRICEZTALILET, —ANDLEDST
EfRZFIRTRTED
- (RBRTEBRER FEBBATAT—Y15F-Y=Z—IHRTA—5H (I R)

Present image at the instance of saccadic eye movement, using linear
LED array =

http://www.junji.org/saccade/index.html
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Saccade Based Display (watanabe et al.)

http://www.youtube.com/watch?v=d_pjvSt3w18

INFR R Mini Test R[EIFAIEET

LT DL TIZ100F LUINFEE THEZ £ &~ Answer all questions within 50 words

1. HMDOERMGEXZRIZEITEML Y XDFEENI DV THAE &
Explain the role of convex lens in HMD.

2. ARZRBETHHMDDRKRHIGZDDAXELGA LIS
What are two types of HMD for AR?

3. ARIZHEITDERAEOMEIZ DN TERBALE &£
Explain problem related to focal distance in AR system

4. ARIZHITHERBBICOVTHEAE &
Explain problem related to occlusion in AR system.

5. BRIV AERAWV-ERIARTINAT—ERRTHHEITOVTHAT &
Explain how to realize full-color stereoscopic display by wavelength filter.

6. 3DBREICHITEHFHEOMEITDVTHAL L
Explain problem related to caption in 3D theatre.

7. LUFXaS—ICKYREZERMTEHECODVTRZANTHRAE &
Explain by figure how to achieve parallax by lenticular lens

8. NSZVANITICKYREZTEM T HHEICOVTREAVTHRAE &£
Explain by figure how to achieve parallax by barrier.

9. TLIUIEHRITOVWTHALE &
Explain Pulfrich effect




