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Outline of the lecture

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

® NGk wN=

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

2011/1/20 google
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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 =




HMDIE HBE#E.HMD as a magnifying glass

- MRICELHBE
Two separate images are displayed to each eye.

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

- RIRGENE R CHEMERS )
“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

Masies

Torso (Watanabe et al. 2007)

CCD Camera

Rotational
Axis

ntersecfion
Jaini

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

« IRFARERE (WASRIEERE) OF— B MBIHRETSLEHME Aor
Robot Camera HMD NN LSRR, (LRSS o0 BEE)
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”.

— IREFEHO THIF=LEDEMEE

Seems obvious?? T VY
TOMOEER (2) BEEN OREE , HMD® | S &R & Pros & Cons of HMD
thrnrn2T|mLtn - X
Other concerns(2) e Latency . \X/  {TENEEEAAVALY. Users can walk freely
o - BRORKZEIEES1-HBEERENSLD, B
W Bh. EEThIZxLTO/NRRIZ~Users can
N hide their bodies, meaning they can “deceive”
;\7 = F themselves. Becomes robust to latency and
L coordinate distortion
o BEOBEHLEEE TICHEEN. c SRfRARY (HAT) EDOHEA RLY.Easy to
Latency between head motion and image display ~ * design distance robot camera.
- BETHDTEL. & H d feeli f
+ B%IR>1=£E When the head rotates: hd W ZZiI:;—ciged ERNEE eavy and feeling o
— HMD: o
. EEAEOEEANTG ; ; : o EAESINS-ORNARIAZT2A=r—2avI[ETFA
__Theimage moves : ~Face is hidden, meaning two way
- 5955_? Ground ﬁ’;ed d'sg'y iﬁng /a communication is difficult.
ERFHELCE LR TR, A ¥ - RFAHEREEDHHEHAELLY . Design of large
The image does not move, but distort. field of view is qU|te difficult.

E R ARHMD ? Oculus Rift(2013~)

Oculus Rift(2013~)

¢« BT BEHOIE
— RERDTHEBISHIELIZBDTARILAITIEGL, —2OFARATLAIZHER,
EBBRGEHEE

- BEROIEMEL Y XITE>TREDEAHEMET SN TIIAL TARTLAIZ
HEY AR TEDEAEDITTRT

© RELRDHDOIX
- ERVEDISHT AHEEGL, [EEBAT LERAOLTSIEERH

KEfh, Reflex HMD : B2 RA3#EAEE B X =HMD DB
A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex

BAS—FONITYTAFRBNE 6(2). 107114, 2001

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



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

TODAY’s TOPIC

« 3DT4AFLA.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

+ ZTOMDEERE
— NAREEHEASCSCWA~From Ray Control to CSCW
— FAREEAR A SRR FI I~ From Ray Control to Eye Control

Augmented Reality (AR) and See-Through HMD

» Overlap CG image and the real world
- ET4Y—XIL—.Video See-Through: Capture the real
world by camera.
- #FF14HIL>—R)L—Optical See-Through: use half-
mirror & optically overlap

BSYT 4T Bl

See-Through HMD (video see-through)

ARDMEIRE (1) £ R ERET
Problem of AR (1) Foga]7distance

)
-~/

OHMDR : FE BRI E M RFESTLY
HMD image is always at the same distance.
oADK BERIFFELFDL
Distance of real world object is arbitrary
MAZRFIZVUTIZRBIEMNTEGRL
User can’t clearly observe the two simultaneously.
ETAY—RI—TIEEEITESHEND EHREDRNDAS
NRLETEHRRLLESTD
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

C

(A) EH DOHMD. Ordinary HMD
(B)IEFEAARERRIR BE. Ideal occlusion
(C)See-Through HMD.
(D)&%E £~ Ground fixed display.

HIEEEAAFHMD Retina scan display

» Washington university, HIT Lab(‘99)

o L—YRIRICLDMIRESIAH Scan retina by laser beam
_ EEI*@I/QXI::}:%&%{%/J§$§ Image of Pixel
Image focus by the eye lens is unnecessary
« Problem of focal distance is solved.

Light Source

N

~AO Modulators _ http://www.hitl.washington.edu/projects/vrd/



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

I —TEDOWMEEETA AT LA
Retina scan display by Brother Inc.

I —TEDRREETARATLA
Retina Scan display by Brother Inc.

s E ol bl
AEEEE o UL—LUX R shicait
(@!E()rﬁmsﬁ—) ‘\
AMES 8 >
) ! SN
3 &R am

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

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

BIRMERSHMERVERESE IO Y42 BRI RS
Head Mounted Projector by Retroreflector What is retro-reflector?

ttp://projects.tachilab.org/rpt : * Glass balls with index of refraxtion=2
* Or, Cube type (Corner Cube)
. Any incident beams will come back to the same direction.

e

L]
\\\\

AU B850 T 4T Bilfitsih

RPT: Retro-reflective Projection Technology

NOoNE N

specular reflection diffused raller.tlon retro-reflaction

*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
observer half mirror \
‘ | ratr(raﬂacliva cloak -
T/ N .
B N
\
L]
video camera
/ computer

projector 3

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

Robot surface becomes screen.
(Aichi World Expo 2005)

* HMD&SAF./HMD & Camera
* HMD&AR /HMD & AR
— IRiEHE ~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 B~ Volumetric Reconstruction
— RBBEOFIEIC LSS 1R HE~Ray Reconstruction
— SEHEF AT S Using lllusion
. TOMORE
— REREEFIEAHSCSCW .~ From Ray Control to CSCW.
— RERER A FIE A SIRERHE A~ From Ray Control to Eye Control

AV BT 1T Bt
TODAY’s TOPIC Two types of 3D displays
+ 3DTARFL 173D Display + HMD.”Head Mounted Display
- HMD

« FRBE#Ground-Fixed Display

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



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

LCD shutter type IPT system: CABIN @ U-Tokyo

-

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)

g

A 85974 Bt

— Field of view becomes narrow

Filter (1) Color Filter Filter (1.5) Full-color “color filter” '
| . « Very narrow band-pass filter
. ) al

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

know! ‘
A wavelength
* Most beautiful 3D display for
current technology. Rigny Eve Fier
* Red cellophane and Blue cellophane. That's it. — “Dolby 3D” employs this method
- $$Cheap'$$ ) P »r wavelength
— Color is strange. Javzss Projector -
¥' 4 { Left Eye Fiter
EB740%
L I
g e

‘ ‘wavelength

Filter (2) Polarization Filter 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)

Bi)— « Many people can observe different image
Screen (image becomes darker and fps becomes lower, though)

Projector
PRk

@'

%

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

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




AVATAR(2009)
s WO DAX TR LBENT

— 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
+ IDDTFH IMBEZRHSE = AROEEIZFLL
Showed problem of “caption”: Equal to AR problem

XpanD RealD Dolby3D IMAX3D

TODAY’s TOPIC

» 3DT1ARFL1.73D Display
- HMD
* HMD&EAAS/HMD & Camera
+ HMD&AR ~HMD & AR
— I855E! ~Environmental Display
- AaHY./With Eyeglasses
+ BHREHAS . Environmental Display & Camera
« AAFIELWithout Eyeglasses
- EHOBISESE% AN 5./ Input Different Images to Two Eyes
— RYa—xbY v BH M. Volumetric Reconstruction
— RARBEDHIEIC &S B 17 SR ~Ray Reconstruction
— $8HEF AT 5. Using llusion

+ ZTOMDEERE
— RERBH|EHSCSCWA .~ From Ray Control to CSCW.
— AR S HEH A SRR FIE A~ From Ray Control to Eye Control

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

HMDcam Ground fixed Display

HMD sytem‘

Y %

Head rotation change position and distance
= The world is twisted

(BE)RBEETARTL A RN AS(Yanagida et al.1999)

Camera for Ground Fixed display

1\ i

o FEATULYICKY, hATHEICE
EEFRV-FFEEER
Parallel link moves the cameras
while they always looks in front.

.
\ £
1\ P

Virtual Screen

« Treat the Video stream in I.i ® ®
CG world.

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

* “Texture map” the video
stream.

» Conversion of HMDcam to
IPT is possible.

28597 4T Bifiksin

ZTOMDFE R (2) FEENDOREE)
Other concerns(2) Time Latency(rep)

D ENE DG . .
Head Motion i | W

auy |

Latency between head motion and image display

+ BZ%iR>1-£EF When the head rotates: I

« BERHE OEERISHITS
The image moves
— BEX Ground fixed disply: W )
o BREFAVDTIEN. LALIARICEALTIEIEL, BiTEAHRm - C F]
ISOFTHEELD. NK

The image does not move, but distort.



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

. 3DF4RFLA./3D Display
- HMD
* HMD&EAAS/HMD & Camera
+ HMD&AR /HMD & AR
— IRHEE! ~Environmental Display
« AF&HY.~With Eyeglasses
« BRI L5 45 Environmental Display & Camera
« AAFIELWithout Eyeglasses
- EAOBISESMEE AN/ Input Different Images to Two Eyes
— RYa—xrY v B Volumetric Reconstruction
— RARBEDFIEIZ &S Z 17 HBR{R~Ray Reconstruction
— $EEEFIAT S Using lllusion
+ ZTOfDEERE
— FEREHI A SCSCW .~ From Ray Control to CSCW
— FAREAR S H B DIRARFIEH -~ From Ray Control to Eye Control

Control Rays

| Lenticular | | Parallax Barrier |
< =

o o

[
<
\\4 \\
®
DI;II:IDDD
\.—\
®®

~
Pixels Pixels Pixels

‘Put different rays to different direction
‘No Eyeglasses!

‘No Head tracking!

‘Resolution is lowered

Y:Aono (2010)

EXE3DS
...I/IYIII‘.(I\I‘:\I oo | | e —{f L. III I\Iil . _
|' J’VX\J\LXH—:H«:%»H—“ _}'”?\XI—\'&?L

(L p— -
A Iy I PR L A I I

— N ee— |

« N)T7HDKSRRE 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

LED array  LED array
for left eye forright eye

X o

2

parallax barrier

®Rotates very fast, and the barrier “vanishes”
http://projects.tachilab.org/TWISTER/

®Left and Right eye receive different LED light by the barrier.

TWISTER: Prototype

10


http://www.nicovideo.jp/watch/sm12402466
http://www.sharp.co.jp/products/device/about/lcd/3d/index.html
http://projects.tachilab.org/TWISTER/

TWISTER-IV

TODAY’s TOPIC

+ 3DT1ARFL 43D Display
- HMD
* HMD&EAAS/HMD & Camera
+ HMD&AR ~HMD & AR
— BiER ~Environmental Display
- AAFRHY.With Eyeglasses
- BRI EH A5 Environmental Display & Camera
« AHRIELWithout Eyeglasses
— EAOHISESBEE AN Input Different Images to Two Eyes
— RYa—2Ar) v oL B~ Volumetric Reconstruction
— RARBEDHIEIC &S B 17 SR ~Ray Reconstruction
— $EFFIAT 5. Using llusion

+ ZTOMDEERE
— RERBH|EHSCSCWA .~ From Ray Control to CSCW.
— AR S HEH A 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.

L2859 T 4T Btk

Volumetric representation by layered LCDs

« LightScape Technologies
DepthCube 21024

« 2=y OBREETHERRAF VY
BT - xyB—208, DLPZA
D195 —TEERE.
20 LCD shutters are stacked as
layered screen.

+ 208DA, BITIRIETF D vya—n
@%ﬁéo BEEICRI) = EKDE

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

28597 4T Bifiksin

—_

TS5XITA4RT LA ~Prasma display

¢ FHL—HF—E—LEZEMPIZTH—HAL. ER
TS5 X7 LLTHI;SHE S Focused IR Laser
beam generates prasma light spot

@ TR EkH

FobLRL—H—

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

11


http://www.youtube.com/user/tachilab
http://www.aist.go.jp/aist_j/press_release/pr2006/pr20060207/pr20060207.html

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

¢ 35— HRBFICLBIRTEETOUMISRTH
BEONRIET
. %lﬁ(:ﬁ{%bfﬂz L‘;é G)—C“EE'&[SEZE [:1&@ Lt;['\ Fig. 3 Hardware components the Virtual Cable™ display Glustration)

INAAZF7DAR HUD

TODAY’s TOPIC

+ 3DT+4ARFL 43D Display
- HMD
* HMD&ERAS.HMD & Camera
* HMD&AR /HMD & AR
- BRiHER ~Environmental Display
« AfFHY.With Eyeglasses
- BRI LD AS  Envionmental Display & Camera
« AHREELWithout Eyeglasses
- EHOBIESBEE AN 5. Input Different Images to Two Eyes
— RYa—ArU w57 B~ Volumetric Reconstruction
— RARBED I & B S 17 MBI~ 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

Lo XF7L4AAR.~Using lens array gCubik (Yoshida et al)

o LUFXaAT—LURE2RTICHRE
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

Rays produced o
by certain pixels viewing angle -
© P Virtual light source
Lens armay <=t
LCD T

T~ Pixeis for reproducing P
Pixels for foaming an elemental image

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



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

BiRMtRSMZAN-2EEREE3D
T4ATLA (B3L. 2004).” Rotational 3D
display using Retroreflector

OEELRY)—VIT BAENS RI-MEEIEE

O —UIFKFEAADHEIR i D (DI
WERRATRES )

Screen is retroreflective only for horizontal direction

Images from different direction is projected on rotational screen.

RePro3D (T. Yoshida et al. 2010)

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

70i12%-7L-

BRE=S+LUXTLAT

ji220:Slbe 3574
OHIFHERSMICLDZHRA
DER

Projector array and
retroreflector generate eye

position dependent images.

RePro3D (T. Yoshida et al. 2010)

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

SeelLinder (Yendo et al., 2005)

Barrier moves VERY fast

Using the parallax barrier in a different manner
LED arrays move relatively slow

A8 T AT Bl

LED array

. Barrier rotation
—_———
AN

According to the barrier rotation,
LED changes is luminance.

Omni—directional rays
are constructed

SeelLinder (Yendo et al., 2005)

-Rendering for an Interactive 360°

-HeadSPIN (A. Jones, 2007, 2009)

) M A

diffusion and horizontal reflection

. [ E— .
EEESS—RAITROT 5709974V L, BEARIZHERL
KEARIEEE RS >IS—DEEINSLMREAR ALY

Rotational mirror has holographic film, enabling vertical

Light Field Display

suliere

13


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

HeadSPIN (A. Jones et al., SIGGRAPH2009)

=

TODAY’s TOPIC

+ 3DT1ARFL 43D Display
- HMD
* HMD&EAAS/HMD & Camera
+ HMD&AR ~HMD & AR
— BiER ~Environmental Display
- AAFRHY.With Eyeglasses
- BERIEHAS Environmental Display & Camera
« AHRIELWithout Eyeglasses
- EHOBISESE% AN 5./ Input Different Images to Two Eyes
— RY2—AbY v 5% B~ Volumetric Reconstruction
— RARBEDHIEIC &S B 17 SR ~Ray Reconstruction
— $8EFFIAT 5. Using llusion
* EDMDEEE
— RERBH|EHSCSCWA .~ From Ray Control to CSCW.
— AR S HEH A SRR FIE A~ From Ray Control to Eye Control

DTARTLAIEHED
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.

L2859 T 4T Btk

ZEh{RI k58 E ~lllusion by floating image

o ZERIZ(IHOXZHE BREAZNTSIES,
NIFREFICTIAR 1 EHIBTT S
When the image is floating in the air without
anchorage, we feel it as 3D

830 T AT BATEH

Fog Screen

http://www.fogscreen.com/

00— ET 3y
Floating Vision(s$44=7, 2008)

—D0Mb s XICLUBBL R G £ //

I

if2 30 L X

jw{?ul-'/z?wﬂ

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

Y

i

v D)

Graphic Virtual Graphic
(image)

i L DBk

Lens

/02/24230148.html i x
ZRY=ERShigip
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http://vimeo.com/5812643
http://www.schaft.net/n00bs/2010/02/24230148.html
http://www.schaft.net/n00bs/2010/02/24230148.html

TO—T42FE DAY 44=7,2008)

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

TV vEHR ~Pulfrich Effect

- WEOREMNESYHUIIRENTTRS
Put eyeglasses with two different darkness for each eye

+ BHSEDEVCEOTRADHEFRIZZICHMEZEELS.
Different brightness genertates temporal difference

© BEOEOBES(CL>THRENEL, BRITENRRIND
Flo?zontal motion of the movie causes disparity, generates 3D
eeling

EWVW3SHhIIT

ZIAZIOEO A M
MERTEIETHI

SLASEIRIRS ~Pseudo 3D by 2 stacked images

» NTT:Spacelllusion

- DFDAR:HSEDELIFA— D _ROEBEERTRTTDHE.
RITERELSN D (RERILPhantom Sensation?)

[ TE e AR ORI

eI -

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

EBREZEALVS.~Using Motion Parallax

c MRAMNEICEDLE TEREELSESE AR
AREL TV THRTEREHMITELS

i3D Head tracking for iPad

\
\
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3D0)J:5I:6‘}i6iPhon")§{’Fo'C:7+ H
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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
http://www.youtube.com/watch?feature=player_embedded&v=bBQQEcfkHoE
http://www.youtube.com/watch?v=k07VmPeY2-U&feature=youtube_gdata_player
http://www.youtube.com/watch?v=k07VmPeY2-U&feature=youtube_gdata_player
http://www.youtube.com/watch?v=k07VmPeY2-U&feature=youtube_gdata_player

TODAY’s TOPIC

« 3DT4AFLA.73D Display
- HMD
* HMD&EAAS./HMD & Camera
+ HMD&AR /HMD & AR
— IRHEE! ~Environmental Display
« AF&HY.~With Eyeglasses
« BRI L5 45 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

. TOfDEERE
— FIREEFIEH SCSCWA ~From Ray Control to CSCW
— SARBER S HE A SRIRFIE A From Ray Control to Eye Control

Illusion Hole (Kitamura et al., 2001)

mask

user's A user's

eye point o - eye point
() (]

AV B59T 4T il

Illusion Hole (Kitamura et al., 2001)

Lumisight Table (Kakehi et al., 2003)

. ERILZFOEERMIL
SRT/ EROBEIS
ISCTHRANTYHS
RIDESIZFOIFTR
ABEINTEBHIFET«
ATV L,

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

=

Lumisight Table (Kakehi et al., 2003)

« AADVEl 2 DIUREEIE
Different images for different user

- ZRAREAALTFOHE
ZAIE
Simultaneous motion analysis
is possible using transparency

TODAY’s TOPIC

« 3DT4AFL A 3D Display
- HMD
* HMD&RAF./HMD & Camera
+ HMD&AR /HMD & AR
— RiER ~Environmental Display
« AaHY./With Eyeglasses
« BRI LD AS /Envionmental Display & Camera
« A a4ELWithout Eyeglasses
- EAOBISESBEZE AN Input Different Images to Two Eyes
— RYa—ArY v o EHER. Volumetric Reconstruction
— RBRBEOFIEIC LD 1R RM{E ~Ray Reconstruction
— $HEEFIAT 5. Using llusion

. ZTOMDFERE
— NARBEFIE A SCSCW A~ From Ray Control to CSCW
— FERBER A FIEA SR ERFIE A~ ~From Ray Control to Eye Control
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AREKES) D FI| .~ Using eve movement

- 2fEFEDEREKES)
— Smooth Persuit GEEI 4B
AREKEE)
oY LB ST A BIY
LEE M DOIREKES).
— Saccade(BtHZ£ERIKEE))
27y EORKER. THE.

A BSDTAZ tmurtFam

AL—R8—ZX—bDF| .~ Using Smooth persuit
F—NETar s
BEBRFRERALE | TE R ILED, A — L e T 338 e SR B T & - 0 OEaE RS %
FRLTLETOT, LFEREECD - RRTIE .

i OB ETAR

EROBHAETR2

Sk T R I TL SRS RS ER UM ERT AR TL SOT T,

COLI R EHERL SIS T AT LSRR SRS TOAFEINA DI TEE T,
http://www.avix.co.jp/service/billboard/pole_vision/index02.html

[A-lEPa ]

—220-

\'

7I:“‘y’77<($ﬁ'<)7|'3—)l/l:“~“)3

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

Saccade Based Display (wWatanabe et al)

o Yubr—RREMICKECKET S

o ZTOBRMEICHIEICEEZAL LT, —ADLEDSIT
BEREIRRTED
- (RBRTERIBH: BBIBATAT—Va5F-Y=Z—ITHRTO—5H (I R)

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

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

Saccade Based Display (Watanabe et al.)

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

INF R Mini Test REIFIRET

LT D2 TIZ100FLANZE THREE & Answer all questions within 50 words

1. HVDOERMGHRFRIZETDOL U XORBNDNTHRALE &
Explain the role of convex lens in HMD.

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

3. ARIZBITHERAH ORI DOVNTHRBAE &
Explain problem related to focal distance in AR system

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

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

6. 3DBREIZHIT2FROMBIOVTHAL &
Explain problem related to caption in 3D theatre.

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

8. INTTHVARNYTICKYREEERT BHEICOVTRERNTHRAE &
Explain by figure how to achieve parallax by barrier.

9. TNIUVEHRIZOVTHAL &
Explain Pulfrich effect
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

