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Quitline of the lecture

AFEHEIF %~ Measuring Human
#8E_Human Vision System

#HHE 22T ~Visual Sensing

#HE T+ RXTL A~ Visual Display

BEE . B2 471—X ./ Auditory Interface
s, ¥ 2271 —X Tactile Interface
HE. HE A2 BT —R Haptic Interface
BE™E (27 —X ./ Locomotion Interface
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Mechanical - Mechanical

) =
Photocell Neon Tube

ADBBEER RABSEX
ERIER DB

\\-7//J \\:7‘ . )
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

BRE (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

2011/1/20 google

KIF154 (1926 %) = HMi R ER




From 2D to 3D

+ 3D:BITEDRTE
Stereoscope display can present Depth

« —HDRERNRDEEDRT
Distance between image and myself is perceivable.

« DEYIDTARTILAEHERERT (ENYTHL BEEEALRE
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+4AFL 43D Display
— HMD
* HMD&EA AT /HMD & Camera
+ HMD&EAR ~HMD & AR
— I855%! ~Environmental Display
« AFHY./With Eyeglasses
- BRI LH A4S Environmental Display & Camera
« A %L Without Eyeglasses
- EH0DBIZE5M{$% AN/ Input Different Images to Two Eyes
— RYa—Ar) o7 B Volumetric Reconstruction
— JIRBDOFIEI LD B R MR Ray Reconstruction
— $HEF AT % Using lllusion

+ ZDHhDEERE
— SIRBEHIEASCSCW A~ From Ray Control to CSCW
— MARBER S HE A SRR FI I~ From Ray Control to Eye Control

Two types of 3D displays

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

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

AVBS9 T4 T Bl

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

r

A2 859747 Bt

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.

A359 T4 Bt

BREE 5 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

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

A2 85T T Bt =




HMDIZ ®ERE . HMD as a magnifying glass

- MERICELLRE
Two separate images are displayed to each eye.

B BRI A

Head position is tracked by,
Mechanical Link,

Gyro

Acceleration Sensor

Magnetic Sensor

etc...

HRRFEAFRTHEMERS

“Magnifying glass” optics is used to keep dista\h‘c\e\" .

between eye and image.

TODAY’s TOPIC

+ 3DT+4AFL 43D Display
— HMD
* HMD&AAS./HMD & Camera
+ HMD&EAR ~HMD & AR
— I855%! ~Environmental Display
« AFHY./With Eyeglasses
- REE LHAT/Environmental Display & Camera
« A %L Without Eyeglasses
- EH0DBIZE5M{$% AN/ Input Different Images to Two Eyes
— RY2—AN) O BEHER.~Volumetric Reconstruction
— JIRBEDOFIHI LD B R MR Ray Reconstruction
— $HEF AT % Using lllusion

+ ZDHhDEERE
— SIRBEHIEASCSCW A~ From Ray Control to CSCW
— MARBER S HE A SRR FI I~ From Ray Control to Eye Control

HMDRA MDA AZ &L ? .~ Camera for HMD?

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

AVBS9 T4 T Bl

Torso (Watanabe et al. 2007)

Master lave

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

BEER[EIES ? RAREGL ZoMDFER (1) IRFE R ERETADEE
Head Rotation? No problem!! Other concerns(1) Eye distance & view angle

- ERFAEEBE (HASRAEEREE) DR —BU MIRIARETSLEHAE Aor
Robot Camera NN A DESBRE. (LB EER)
Difference of eye distances generate odd size feeling (miniature garden)
.

% | =
izl '
- R A DT —I Difference of viewing angle
& - BFENEM LS. Distance is changed
— BEHEIRERDOR, EEOMARNEREEDEITSDLNTED, #EAA
IZFEH%. When head rotates, objects “move”.

- RFZDHTHF=LEDRIRE

Seems obvious?? b W

TOMOEER (2) BEEN ORERE A HMD®DFI &5 &R &~ Pros & Cons of HMD

ther concerns(2) Time Laten - X
H er concerns(2) e Latency . \5{/ « {TENEEEANELY. Users can walk freely
- « BRORKRZEIEE A= BEESENELD, B
§§ Bh. EET ISR L THE/NRRIZ~Users can
] hide their bodies, meaning they can “deceive”
:\_j, v themselves. Becomes robust to latency and
AN coordinate distortion
© EEOBENSEEE TISHREEN. o FRARYR(HAS) EDHBEAELY/Easy to
Latency between head motion and image display ~ * design distance robot camera.
R N . BETHDTEL. EH d feeling of
+ B%IRo1=&E When the head rotates: d LA ;ii;_ciged o= canyandieeing o
— HMD: R crm
. EEAE OEEIHNTS \ﬁ/ ' o BEEAEINEORARIAZA=r—avIZEFRR
__Theimage moves i /Face is hidden, meaning two way
_ gg%_f: Ground fixfed disply: o W 5 communication is difficult.
= {%—%}L g LALRRISHL TR, RiFEAE TS ¥ o RHFAERECLDEFHELLY . Design of large
The image does not move, but distort. field of view is quite difficult.

& B HRHMD? & 88 Oculus Rift(2013~)

Oculus R|ft(2013~)

c RETBEHOIX
- HEDTERISHBLIZZEDTARTLAITIEEL, —D2DTARTLAIZHE,
BRI EHE

- REEROTEMEL Y RXIZE>THRBOEAHERHET 51D TIFLEL, TARTLAIZ
HEY SRR TENEAEDITTERT

¢ REEDEHOIX
- BRVEBISHT SHEETL, [BERHT LERA DN TS LR
KEfth. Reflex HMD : §iIEE [ 51 # 6% 1 2 ~HMD DBASE

A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex
BAN—FrLIT7) T2 WIE 6(2), 107-114, 2001



http://www.youtube.com/watch?v=0a6rHkI8T_w

TODAY’s TOPIC

* 3DTA4ARFLA.73D Display
— HMD
* HMD&RAF./HMD & Camera
* HMD&AR ~HMD & AR
- BRiER ~Environmental Display
- AF&HY.~With Eyeglasses
- B HAS . Environmental Display & Camera
« AH#7EL/Without Eyeglasses
- EAOHBISESKEE AN/ Input Different Inages to Two Eyes
— RYa—AR) v B Volumetric Reconstruction
— RBBEOFIEIC KSR RBR{E~Ray Reconstruction
— $8EEFIAT 5. Using llusion

+ ZTDHDEERE
— IR SCSCW ~From Ray Control to CSCW
— SARBER SHEA SRR FIE A From Ray Control to Eye Control

Augmented Reality (AR) and See-Through HMD

» Overlap CG image and the real world
- ET#4Y—XJL—.Video See-Through: Capture the real
world by camera.
— A FF14HIL—R JL—.Optical See-Through: use half-
mirror & optically overlap

V859 T 40 Bl

See-Through HMD (video see-through)

ARDMIRE (1) E A FAE
distance

OHMDI& SRR BAREOTINVD
HMD image is always at the same distance.
oA DA BEREITFELFDL
Distance of real world object is arbitrary
MAZREFCVUTICRHIENTELL
User can’t clearly observe the two simultaneously.
ETAL—ZIL—TIEEREITESEND, EREEDFRNNAS
PRETEHRLTESTD

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) FH DOHMD. Ordinary HMD
(B)EEAE ML ERRIK RE. Ideal occlusion
(C)See-Through HMD.

(D)EREZ! ~Ground fixed display.

HEEEAAEHMD Retina scan display

* Washington university, HIT Lab(‘99)
o L—YRIRICEDMIRESIAH Scan retina by laser beam

Image of Pixel

- BROLU XL HEBNTE
Image focus by the eye lens is unnecessary
« Problem of focal distance is solved.

Wil
C&D Electrbpic:

Scanners

Tim,
http://www.hitl. washington.edu/projects/vrd/

'AO Modulators



http://www.hitl.washington.edu/projects/vrd/

I —TEDRBEEERETARATLA
Retina Scan display by Brother Inc.

HEEY MLl
\f?ﬁﬁf‘ﬁ“ JL—LvX i-‘-éhf-’ﬁfg

(@Eoriﬁ]ii—) .

so O\
FEHIES

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

77&—I¥0)?ﬁﬂifs TARTLA
a scan display.by. ngtrger Inc.

| -

]

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

BiRERSIMERAV-ERESEIOC LIS

Head Mounted Projector by Retroreflector

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

Model 3: 2003

BiFt 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.

A2 85974 T Bifitsin

RPT: Retro-reflective Projection Technology L

NN N\

specular reflection diffused reflection retro-reflection

&
\ 8

*Use retroreflector and projector

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

*Stereoscopic image can be presented



http://www.3dc.gr.jp/jp/act_rep/090612/Sato.pdf
http://projects.tachilab.org/rpt/

Optical Camouflage by RPT (Inami et al.)

real scenery

half mit
obs‘mu a’mnor retro-reflective cloak

< N
\\ \.
video camera

computer

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

Robot surface becomes screen.
(Aichi World Expo 2005)

AVBS9 T4 T Bl

Pinlight Displays: Wide Field of View Augmented
Reality Eyeglasses (SIGGRAPH 2014)

Eyeglasses using Defocused Point Sources

Pinlight Displays: Wide Field of View Augmented Reality ! N B [ C Bye Fom Phoe.
\
\
|
I

Andrew Maimone”  d
Douglas Lanman’

. N AT
Kishore Rathinavel o B
Kurtis Keller® \ \, /
David Luebke' H | —
Henry Fuchs” t sT]
h
“The University of North d, \ ‘
Carolina at Chapel Hill : e
'NVIDIA Research l‘
1
Vo Pt P
https://www.youtube.com/watch?v=P407DFmOPFQ z T it

EVR—IUIZ&BHRBEHTTRYIT, LYXEFERLEVERR. Z0HLUX
DIHEDLSBEADBBHIECLENSEVNRHEER

TODAY’s TOPIC

+ 3DT+4ARFL 43D Display
- HMD
* HMD&ERASHMD & Camera
* HMD&AR /HMD & AR
- B3 ~Environmental Display
o AfFHY.~With Eyeglasses
« BRI LN AZ/Envionmental Display & Camera
« AH 4L Without Eyeglasses
- EAOBIZESBEE AN S Input Different Images to Two Eyes
— RYa—2ArY v Y B~ Volumetric Reconstruction
— RARBEOHIEI= &£ B SR ABRE.Ray Reconstruction
— $HEEF AT 5. Using llusion

+ ZTOMDEERE

— JEREEHIHHSCSCWA~From Ray Control to CSCW
— SRR S HE A SRIRFIE A~ From Ray Control to Eye Control



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

Two types of 3D displays

* HMD.”Head Mounted Display
- E%iEZ! ~Ground-Fixed Display

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

Ground Fixed Display

SECAVE

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

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

o

A2 859747 Biffitsih

LCD shutter type IPT system: CABIN @ U-Tokyo

Filter (1) Color Filter

'!

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

— $$Cheap!$$ P

— Color is strange.
' ou—t

Foszss

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.
— “Dolby 3D” employs this method

. A
//
Projector {

I Screen
>

A wavelength

. wavelength

wavelength

/.
m ,

S=

Right Eye Filter
HET NF

eft Eye Filter
EBT405

Filter (2) Polarization Filter

Projector
PRk

o=

Screen

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

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




Filter (3) Time-multiplexing

» High speed “LCD shutters” are put on each
eyes.

« Atone 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 LWOMDAX TR LMESNT

— 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
« 3DDTFH IBMEEEHSE = ARDMEEICFLL
Showed problem of “caption”: Equal to AR problem
IMAX3D

XpanD RealD Dolby3D

TODAY’s TOPIC

+ 3DTAAFLA./3D Display
— HMD
* HMD&ER A5/ HMD & Camera
* HMD&AR /HMD & AR
- B#% ~Environmental Display
o ARHY.~With Eyeglasses
- RHR LHAS Environmental Display & Camera
« AfFAELWithout Eyeglasses
- EHOBIZE5IE% AN/ Input Different Images to Two Eyes
— RYa—AR) v B~ Volumetric Reconstruction
— FARBEOFIEI= LD B 1R MBI~ Ray Reconstruction
— 8HEF AT S Using lllusion

. ZTOhDEEE
— RERBEHIEIAHSCSCW .~ From Ray Control to CSCW
— REREESR S FEH SRR F A~ ~From Ray Control to Eye Control

HVDADAAZEHRBER T4 RTLAIfESE
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

Head rotation change position and distance
=The world is twisted

Virtual Screen «"R\

[ Y

* 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.

VB9 T4 Bl

ZTOMDFE R (2) FEEN OREE)
Other concerns(2) Time Latency(rep)

a7
w7

\\/
auy |

Latency between head motion and image display  *
* BZiR>f=&E When the head rotates: hd ; ;
— HMD: NA
o ERAE DEERICHFITS
The image moves -
— %82 Ground fixed disply: W
o EREFAVDTIEN. LALIIARICELTIEIEL, BTERR -~ ©
ISOTHEELS. y
The image does not move, but distort.

eI



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

TODAY’s TOPIC

* 3DTA4ARFLA.73D Display
- HMD
* HMD&RAF./HMD & Camera
* HMD&AR ~HMD & AR
— IREEE! ~Environmental Display
- AF&HY.~With Eyeglasses
- B HAS . Environmental Display & Camera
« AAFIELWithout Eyeglasses
- EAOBISESKEE AN/ Input Different Images to Two Eyes
— RYa—AR) v B Volumetric Reconstruction
— RBBEOFIEIC KSR RBR{E~Ray Reconstruction
— $8EEFIAT 5. Using llusion

+ ZTDHDEERE
— IR SCSCW ~From Ray Control to CSCW
— SARBER SHEA SRR FIE A From Ray Control to Eye Control

Control Rays

Normal

Lenticular |

| Parallax Barrier |

H’i O~
= 5
U= - \I:
0 U
> e
= 0+

Pixels Pixels

‘Put different rays to different direction
‘No Eyeglasses!

‘No Head tracking!

‘Resolution is lowered

Y:Aono (2010)

FEXE3DS

= M._.

|...|/u(|x|1|\|'5\|. | | }=eriea—{ | - =i 1_l|f|;_|H---
I Vil AT X F |__1_“ﬂ“&{| AAJ/-X-\L- |

— L p—
Iy Iy A P L Iy A 'y

—— YN eee— |

« N)T7HDKSRRE: 2D 3DYIYEA

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  LEDarray
for left eye forright eye

N\

parallax barrier

®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

’ﬂn.a'

&

i v-~!.~ii£mm i
— et ~TWISTER:
lla r‘{r' Telexistence
' Wideangle
I Immersive
STEReoscope

http://www.youtube.com/user/tachilab#p/a/u/0/SX_IKm1rT4l
A2 859717 HiffitiR

10


http://www.nicovideo.jp/watch/sm12402466
http://www.sharp.co.jp/products/device/about/lcd/3d/index.html
http://projects.tachilab.org/TWISTER/
http://www.youtube.com/user/tachilab#p/a/u/0/SX_IKm1rT4I

TODAY’s TOPIC

* 3DTA4ARFLA.73D Display
- HMD
* HMD&EAAS/HMD & Camera
* HMD&AR ~HMD & AR
— IREEE! ~Environmental Display
- AF&HY.~With Eyeglasses
« BHRLHAS /Envionmental Display & Camera
« AAFIELWithout Eyeglasses
- EAOHBISESKEE AN/ Input Different Inages to Two Eyes
— RYa—AR) v B~ Volumetric Reconstruction
— RBBEOFIEIC KSR RBR{E~Ray Reconstruction
— $8EEFIAT 5. Using llusion

 ZTOMODEE-E
— IR SCSCW ~From Ray Control to CSCW
— SARBER SHEA SRR FIE A From Ray Control to Eye Control

Volumetric Representation

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

A2 85T T BiffitsiR

Volumetric representation by layered LCDs

+ LightScape Technologies
DepthCube 21024

o RYY— /W"*Ué?’é,ﬁaax '\"J
B2 T 0y B —208,
PrYA—THERY,
20 LCD shutters are stacked as
layered screen.

. 20MDA, BICLRFT S vos—ht
@ké EIRICRY—UDEKDE

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

AV 859747 Bl

—

TS5XITART LA /Prasma display

s FHL—HF—E—LEEMPIZTH—HAL. ER
=TSR LTI SE S Focused IR Laser
beam generates prasma light spot

@ 75Xt

FAWAL—H—

X-Y-Z A¥4F—

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

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

o IS—HIREIFIC J:ZDSJEE{%’é?D/HJ 71‘( B
BEOSRIET

« ERICEGLIECHOTEEMEICKELLZL

11


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

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

companents the Virtual Cable™ display (llustration)

INAAZFDAR HUD

TODAY’s TOPIC

+ 3DTA4AFLA./3D Display
— HMD
* HMD&EA AT /HMD & Camera
* HMD&AR /HMD & AR
— BER ~Environmental Display
o ARHY.~With Eyeglasses
- RBRLNAS/Envionmental Display & Camera
« AfRAELWithout Eyeglasses
- EAOBISESBMEZE AN/ Input Different Images to Two Eyes
— RYa—AR) v B~ Volumetric Reconstruction
— RIRBEOHIEIC LSS 1R MBE~Ray Reconstruction
— 8HEF AT S Using lllusion
. TOWOHEE
— SARBEHEASCSCW .~ From Ray Control to CSCW
— RIREER S FEA SR ERFIH A~ ~From Ray Control to Eye Control

LY X7L4A=R .~ Using lens array

o LUFFaAT—LURE2RITIZHREE
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

——

Rays produced outot
by certain pixels viewing angle W

© P: Virtual light source

Lens array ccor—see—i o S = N |
Leo ¢ xxmyn?;:ﬂ::ni | g
A ~ Pixels for reproducing P
Pixels for foaming an elemental image

http://www?2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html|

gCubik (Yoshida et al)

Bl M RE#HE AV -2 FEBEEERE3D
T4ATLA (BL. 2004).” Rotational 3D
display using Retroreflector

ORI RV —VI(Z, HEHEILR-BIGEIRE
Images from different dlrectlon is prOJected on rotational screen.
: =l D (C DD

ZJ]
L‘t‘f‘ﬁ?ﬁ‘rmb@%}ﬂ
Screen is retroreflective only for horizontal direction

12


http://www.youtube.com/watch?v=koEyBO_RxZE&feature=player_embedded
http://www2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html
http://www.youtube.com/watch?v=H4ShPbCve2M

RePro3D (T. Yoshida et al. 2010)

7QJx78=-7b

BRERNH

EEE
BBREA+LUATLAT
BRI CHE R
OEIRMRAMICLEEHRA
DEHR

Projector array and

u u m 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=8ThSBYiwZIs

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

LED array

Barrier rotation
—_—
CV

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast

Omni—directional rays
are constructed

AVBS9 T4 T Bl

-Rendering for an Interactive 360° Light Field Display

-HeadSPIN (A. Jones, 2007, 2009)

El#Rz5— %E!:hn’?v?»ru’??»r)u\ EEAMIC #J”*&
KEARIEBERST >IS—DEmASLMREARZ ALY

Rotational mirror has holographic film, enabling vertical
diffusion and horizontal reflection

SeelLinder (vendo et al., 2005)

HeadSPIN (A. Jones et al., SIGGRAPH2009)

13


http://www.jst.go.jp/pr/announce/20101012/index.html
http://tachilab.org/modules/projects/seelinder.html
http://vimeo.com/5812643

TODAY’s TOPIC

+ 3DT1RFL4.73D Display
- HMD
* HMD&RAF./HMD & Camera
* HMD&AR ~HMD & AR
— IREEE! ~Environmental Display
- AF&HY.~With Eyeglasses
- B HAS . Environmental Display & Camera
« AAFIELWithout Eyeglasses
- EAOHBISESKEE AN/ Input Different Inages to Two Eyes
— RYa—AR) v B Volumetric Reconstruction
— RBBEOFIEIC KSR RBR{E~Ray Reconstruction
— $8EFFIAT 5. Using llusion

* TOMDEEE

IDTARI LA ERED
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

o ZERIZIORZAHE BREAZNTIDSES,
NIEBEFISTIARM EHIBTT B
When the image is floating in the air without
anchorage, we feel it as 3D

559717 B R

JO0—Tq2ETay
Floating Vision (/314 =7, 2008)

—DDEL Y XICLUERURIGEE

g
&
*

R
[
| 13 i)
Virtual Graphic
(image
[CTRL)L 3 1§72 3DMAL X

Lens

/(?47nv"/z7wﬂ

http://www.schaft.net/n00bs/2010 ;

— SLREEI M SCSCWA .~ From Ray Control to CSCW important.
— FIREEAR I E A SRR FI I~ From Ray Control to Eye Control
AV T AT iR
Zeh{g12 & 585 ~lllusion by floating image Fog Screen

http://www.fogscreen.com/

/02/24230148.html x
ZISBRIh BRI

JO0—T42FE DI k44=7,2008)

http://www.youtube.com/watch?v=Wzx9zid_FoA
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http://www.schaft.net/n00bs/2010/02/24230148.html

eSS0
[RIR(F20064F 2 HFR RGFEICHTDOMUEICHERTD

WIS L B8 IR R 5T BEFEARESNI-RATES

PN = ARRIEIROERENBE
N
) :' WNSS—
N
E%85 (ASUKANET# ) TEOHE utkosg  °

MARIO

© ERBOTOTIRATLAZLTICEINT LT,
3DTARTLAE BRI RITERBMNAT4E
=1L, HRA2RTTA AT LA D= FR TR TE DD LT EDRIEER

Depthdaa
Shadaw projection

¢
0t g ] pcjecto

Mid-air [['——s
e LS.

Physical
abjects

Display
[|s0em

PC

Hanyuool Kim, Issei Takahashi, Hiroki Yamamoto, Satoshi Maekawa, and Takeshi Naemura: “MARIO: Mid-
air Augmented Reality Interaction with Objects,” Elsevier Entertainment Computing, vol. 5, issue 4, pp. 233
— 241 (2014.12).

EnchanTable

o TIILEIZERBERTR
- TINEORHFERA. k¥R TR
- BEFEOT—ILISEATES
Hiroki Yamamoto, Hajime Kajita, Naoya Koizumi, and Takeshi Naemura: "“EnchanTable

Displaying a Vertically Standing Mid-air Image on a Table Surface using Reflection”, 88
ACM Interaciive Tableiop Surfaces (ITS2015), pp. 379 -- 400 (2015.11).

TILT)vESNE ./ Pulfrich Effect

« MEDREMNED

YUISREMITRS
Put eyeglasses with two different darkness for each eye

« BHEDBVDICE > THADEEIERIEZICHRZEELD.
Different brightness genertates temporal difference

c BEOEOBEICE>TRENLEL, BITENMEREND
%—Io:izontal motion of the movie causes disparity, generates 3D
eeling

EVWSHIFIT

ZIAZIOEDNDIA

MEBHTELNETHE

SLRSEIRIRE ~Pseudo 3D by 2 stacked images

» NTT:Spacelllusion

- DFDAR :BHSEDELIFA— D _ROEBEERTRTTDHE.
RITERE/LLN D (RE/LPhantom Sensation?)

..... @

l > ‘ o3
L)

L
7 7 ]

RAMIOFD 11

ARDRE F 1L

http://www.ntt-it.co Jp/goods/\dp/dfd/pnnuplc html
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http://dx.doi.org/10.1145/2817721.2823476
http://www.its2015.org/program/demos/
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

EHREZALVS.~Using Motion Parallax

& *E BEi-T
ARREL TNV THERTERZE BB

i3D Head tracking for iPad

2 SR N

| & 2
3D0)J::)I:Hiéiphon")éﬁ’)f}} H
L

TODAY’s TOPIC

+ 3DTA4ARFLA./3D Display
— HMD
* HMD&ER A5/ HMD & Camera
* HMD&AR /HMD & AR
— B3R ~Environmental Display
o ARHY.~With Eyeglasses
- RBRLNAS/Envionmental Display & Camera
« AfFAELWithout Eyeglasses
- EHOBIZE5IE% AN/ Input Different Images to Two Eyes
— RYa—AR) v B~ Volumetric Reconstruction
— FARBEOFIEI= LD B 1R MBI~ Ray Reconstruction
— 8HEF AT S Using lllusion

. ZTOMDEEE
— RERBEEHIEAHSCSCWA~From Ray Control to CSCW
— RIREER S FEA SR ERFIH A~ ~From Ray Control to Eye Control

Illusion Hole (kitamura et al., 2001)

user's eye point (b)
A user's
eye point - eve point
(o) 7 ole)

drav ared (b)

AV 859747 Bl

Illusion Hole (Kitamura et al., 2001)

Lumisight Table (Kakehi et al., 2003)

. ERILFOEERMIL
SATAREEDAREC
BLTHRAN TUHS
RIDESIZEFERLIFTR
ABEINTEBHIFET«
ATV L,

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



http://www.youtube.com/watch?feature=player_embedded&v=bBQQEcfkHoE
http://www.youtube.com/watch?v=k07VmPeY2-U&feature=youtube_gdata_player

Lumisight Table (Kakehi et al., 2003)

o ANDVRI 2 DIREEEREE
Different images for different user

- BRH%EMNALTFOHE
ZAIE
Simultaneous motion analysis
is possible using transparency

=2

-
User B's view User C's view
i USerB  User G

Mjwwr i Proje

) Camera

TODAY’s TOPIC

* 3DTAARFLA.3D Display
- HMD
* HMD&ER AT/ HMD & Camera
* HMD&AR ~HMD & AR
— IRiER ~Environmental Display
- AFHY./With Eyeglasses
- BRI EH A4S Environmental Display & Camera
« AHA4ELWithout Eyeglasses
— EA0BITESBEE AN S Input Different Images to Two Eyes
— RYa—Ak) o7 B Volumetric Reconstruction
— RARBEOHEI LD SR mBE.Ray Reconstruction
— #¥H%EF AT % Using lllusion

. TOMDEERE
— RERBH|E M SCSCWA ~From Ray Control to CSCW
— AR S HE A SRR FIE A~ From Ray Control to Eye Control

- 21EFDEREKEE)
— Smooth Persuit (GBEN 1% B
AREKIES))
P oKY EBJINER S E BT
BHEEEDIREKES.
— Saccade(BkiE AR EREH) \
277 L ORMER. FHE.

A2 BS9TAZ tmurtFam

A L—X/3—ZX—+DF|FA.~Using Smooth persuit

R VarHieid

BRBAR IR SUTERSELL ILED: R —)LEVaL TR GEDIRETH LT & B OESIEEA( %
HFALTLETOT. IFPEGERON FRATIES,

BB BREOBAERR2

COLITFERBWER, DT, (EATDEEERR SRS TaAMEMADENTEE T,
http://www.avix.co.jp/service/billboard/pole_vision/index02.html

M

I:“‘y’JZ(*iF)?I'i’—)I/I:“’)a‘/

=PASSAGE

J‘llllll

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

Saccade Based Display (watanabe et al)

o Yubr—RREIICKECEET S

s ZOBRMICRRICEEAL LT, —KROLEDST
BERZIRRTED
— (RBRTEDE: BBBEATAT7—P25F - Y=—IHRTA—5HY(IVR)

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

Ed &

\ [
) \
)

7 \—/
) A1 M
VA I7A

http:/Aww.junji.org/saccade/index.htm!
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

Saccade Based Display (watal

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

INF AR Mini Test REIBIAET
LT O£ TIZ100F LA NIZE TR E £ &~ Answer all questions within 50 words

1. HMDOEMBMGAERICEHEHAL L XORENDNTHAE &
Explain the role of convex lens in HMD.

2. ARERIRTHHMDDRRMGZZDDHREGALIFSM
What are two types of HMD for AR?

3. ARIZHIH2HERMEORMEIC OV TEHRBAL &
Explain problem related to focal distance in AR system

4. ARIZHITHERRBI OV THAE &
Explain problem related to occlusion in AR system.

5. BRERIANVAERAVARIARTIVAT—ERBTHHEITOVTHRBAL &
Explain how to realize full-color stereoscopic display by wavelength filter.

6. 3DMREIZHIT2FROMBIOVTHAL &
Explain problem related to caption in 3D theatre.

7. LUFXAS—TRYBREEERTHHEITOVTREAVWTHRBAL &
Explain by figure how to achieve parallax by lenticular lens

8. ITTHVRNYTICKYREEERT BHEICOVTRERVTHRAE &
Explain by figure how to achieve parallax by barrier.

9. TLIUVEHRITONTHRAL &
Explain Pulfrich effect
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