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Outline of the lecture
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A58 % .~ Measuring Human
f8E_Human Vision System
REt> % ~Visual Sensing

RE T+ AT LA~ Visual Display

e EEA24271—X 7 Auditory Interface
e e 27T —X Tactile Interface
hE . AEA2T1—X ~Haptic Interface
BERE A 2T7T—X ~Locomotion Interface




Mechanical - Mechanical

0

Photocell Neon Tube

AOFFEESR BERESZEA
EBICER MDIRFTFIZEM

Photocell

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

Y

miRE (742

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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3D: EIT= DR

Stereoscope display can present Depth

=B EXNRDIEEFHDIRT

Distance between image and myself is perceivable.

DEYIDTART LA IR RERT (MY THL BEZEAZRE
SERESES

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

« 3DT4RTLA.73D Display

— HMD
e HMD&EAAS . HMD & Camera
« HMD¢AR HMD & AR

— IRIER!_~Environmental Display

« AH2dHY.~With Eyeglasses

- IRIERILH AT Environmental Display & Camera

« AHAREL.~Without Eyeglasses
— EADBIZESHMEE AN Input Different Images to Two Eyes
— R a—AR)yOIEEE R~ Volumetric Reconstruction
— BB OHIEIZ LS 2R A% Ray Reconstruction
— #BEZF AT 5.~ Using lllusion

¢ ZTDHDEERE
— JLEREEHIEI A SHCSCWA.~From Ray Control to CSCW
— JEREEAR m I A SR EEHIE -~ From Ray Control to Eye Control




Two types of 3D displays

« HMD.”Head Mounted Display
« ZEZR Ground-Fixed Display

Seems not so different?? It is very, very different.
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Head Mounted Display (HMD)
« Sutherland "The Ultimate Dlsplay” (1965)
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The Ultimate Display (Sutherland1965)

We live 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.
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R[E & B F
Master and Apprentice

e C. E. Shannon

Father of Information Theory
(Have you heard of “Entropy”?)

e

- Apprentice J .

— Ivan Sutherland
Father of Computer Graphics, and

=,
Father of Virtual Reality S “ b &
Invented most part of fundamental '_ ..
CG technique, and the first HMD d"

Netscape

« Grand-Apprentice

— Jim Clark: Founder of SGI and
Netscape

— Alan Kay: Proposed the notion of
personal computer “Dynabook”
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HMDIZ R EE$E. HMD as a magnifying glass
» MRIZELSIRE

Two separate images are displayed to each eye.

« BEERGLERTEINIA
Head position Is tracked by,
Mechanical Link,
Gyro
Acceleration Sensor
Magnetic Sensor
etc..

. REIREENF R THBERS ”
“Magnifying glass” optics is used to keep distance

between eye and image.
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« 3DT4RTLA.73D Display

— HMD

e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IRIER!_~Environmental Display

« AH2dHY.~With Eyeglasses

- IRIFREIEH AT Environmental Display & Camera

« AHAREL.~Without Eyeglasses
— EADBIZESHMEE AN Input Different Images to Two Eyes
— R a—AR)yOIEEE R~ Volumetric Reconstruction
— BB OHIEIZ LS 2R A% Ray Reconstruction
— #BEZF AT 5.~ Using lllusion

¢ ZTDHDEERE
— JLEREEHIEI A SHCSCWA.~From Ray Control to CSCW
— JEREEAR m I A SR EEHIE -~ From Ray Control to Eye Control




HMDRBE DA A5 &L ? ~Camera for HMD?

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

AV B350 T 17 Hiii




TELESAR (Tachietal., 1989)



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

TOrso (Watanabe et al. 2007)

position&posture

head sensor

y

Display

Control |
PC

Network

position
posture
image

| Control
PC

Camera

\:e:erence angle
Motor

joint angle

Encoder

Rotational
AXis it

ntersectio
Joint
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odules/projects/torso.html



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

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

SEEREIEE 2 R L
Head Rotation? No problem!!

Robot Camera

Seems obvious??

HMD




ZTOMDFER (1) IRFE R EREF A DEE
Other concerns(1l) Eye distance & view angle
- BRMEIEEEE (W ASEEERE) DA —B MRLARETIEES A E Aor

INNIZIES =D D EHLRE. CLARBLE DI FERER )
Difference of eye distances generate odd size feeling (miniature garden)
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- HEADT—E Difference of viewing angle
— BITENEMLLLS. Distance is changed

— BAEREERIEEIDIE, EEDYERNERBDIBEIZ o DWTEKD, #FHAM
(2t 5. When head rotates, objects “move”.

— RREFZFOTH(TI=EZDEFIR

a a W




ZTDMDFER (2) FFHEEN DG RE

Other concerns(Z) Time Latency

“Vﬁngémgﬁ

Wi | Head Motion

EIEIDL e
Imge transfer

BEDENES Mo iuBE TICHRRELEN.

Latency between head motion and image display

B ZIE->1 &2 When the head rotates: f\

— HMD: \&/
o ERAEDEERIZFFINTS

The image moves

=3 % Ground fixed disply: w
¢ BHEIEMNTIAL. LA LI AEICEL T, BiTEsm © ¢

[COFTHEELD.
The image does not move, but distort.

v




HMDDF| B X 5 Pros & Cons of HMD

ITENERBF AVIL LY.~ Users can walk freely

§ TDAREZRES=-HBE S HENMELNEED, FFE
En., EEZEFT nizxLTa/NAMZ  Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

E=fRORYE(HAZ) EDQFEMEMBRLY.Easy to

design distance robot camera.

KETHDTEL, FAER “Heavy and feeling of
being caged

EEN RSN D =OWAMIAZI A= —2aVIZEFM
~ Face iIs hidden, meaning two way
communication is difficult.

S

AEREEDHEREFTMELLY.~Design of large

field of view Is quite difficult.



E X fRHMD® & B8 Oculus Rift(2013~)



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

Oculus RIft(2013~)

— EEDOIMEERIZHIELEZEDNDTARATLAITIEEGL, —DOT4RATLAIZEE,
£ B {RxtaiE

— WHEDOIEMELUXRIZE THREBODEAZTHIET HIDTITHL, T4RTLAIC
HEYT AR THEOEAZTDITTERR

« BFEADI=-HNDIEK
— BIRYESIINITHMHEZTITL, EEZXEFNT LEBEENDINTLS IBEE R E

A Bfth, Reflex HMD : IR &THEREZ i A 7=HMD D B F&
A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex
BARN—FvILITIT4ZRHXES 6(2), 107-114, 2001




TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD&AR HMD & AR

— IRIER! “Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




Augmented Reality (AR) and See-Through HMD

« Overlap CG image and the real world

— ETFAL—XJL—.Video See-Through: Capture the real
world by camera.

— AT T4HILP—RJL— . Optical See-Through:use half-
mirror & optically overlap

B30T 47 B HER




See-Through HMD (video see-through)




ARMD A (1) & REAE
Problem of AR (1) Focal dlstance

~N

OHMDE  FEBR BN REO TS
HMD image is always at the same distance.
oADMK  EREILFELFD
Distance of real world object is arbitrary
M AZREICOVTICRAIENTERZL
User can't clearly observe the two simultaneously
ET74 Y —RIL—TIEBREIZELENLD . ERFEEDFENNAS
NILBETEHREITESTD
Video see-through partially solved the problem, but the real
world image is different due to large depth camera.




AR [E1RE (2) ik

Probl
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em of AR(2) Occlusion

B STECAVE

el

(A) EEDOHMD. Ordinary HMD
(B)EE g7 ERIKEE. Ideal occlusion
(C)See-Through HMD.

(D)EZREZR! ~Ground fixed display.




HIRE=1AHEIHMD Retina scan display

« Washington university, HIT Lab('99)

o L—YRBICKSMIEREZEZIAH Scan retina by laser beam

R N N — $ Image of Pixel

— BEROLY Rk DEENTE 1
Image focus by the eye lens is unnecessar
* Problem of focal distance is solved.

Red Laser

‘Du'éﬂ'e-'

Scanner Intensity ' I
1/60

Time

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



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

IS —ITXOMEEETARTLA
Retina Scan display by Brother Inc.

NT % Eu e . ﬁ ﬂﬁj: [Z
I\JAI]EMS—basefg[}IScanning Device i 7TT é h T-: nEn 1'%

(Iﬁlﬁﬁor@?;?—)
EIHAE = 2, -

http://www.3dc.qar.jp/ip/act rep/090612/Sato.pdf



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

oY —TDRIEEETARATLA

lha scan display. by Eggtr.\er Inc.

www.diginfo.tv

http://www.youtube.com/watch?v=0IlAZpmaYic8
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Head Mounted Projector by Retroreflector

http://proiects.tachiIab.orq/rpt/

JEAN Model 1: 1998



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

15T /= 8t 44
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.

S— %
S
SRR
S
ST
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RPT: Retro-reflective Projection Technology

RNV N

specular reflection diffused reflectlon retro-reflection

*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
observer half mirror _ |
' retro-reflective cloak ;
video camera |
/ 7omputer

projector

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



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




Robot surface becomes screen.

(Aichi World Expo 2005)
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Pinlight Displays: Wide Field of View Augmented
Reality Eyeglasses (SIGGRAPH 2014)

Andrew Maimone™  d
Douglas Lanman'
Kishore Rathinavel”
Kurtis Keller®

David Luebke’

Henry Fuchs™

Pinlight Displays: Wide Field of View Augmented Reality | I PRt
Eyeglasses using Defocused Point Sources
|
/'\_/\

Pinlight Plane

“The University of North
Carolina at Chapel Hill

Modulation Plane

'NVIDIA Research

https://www.youtube.com/watch?v=P407DFmOPFQ ‘ Pupil Plane

EVR—ILIZKDHFE+HTTRYIT, LUXEFERALGWMEERR. CZO-HLUX
DIZEDIITEADBENELGENSLEOVREFZER




TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




Two types of 3D displays

« HMD.”Head Mounted Display
« EREE Ground-Fixed Display

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




Ground Fixed Display

SMHEICAVE

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

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

AV BSDT 4T BT ER




LCD shutter type IPT system: CABIN @ U-Tokyo




Filter (1) Color Filter

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

— $$Cheap!$$
— Color is strange. Javzss

[l
@l Ao —L




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

Projector

@' Screen

e

aw’

A

|

wavelength

ﬂ ” Right Eye Filter
BET74 L%

A

AN

wavelength

\

ﬂ

—

Left Eye Filter
EBZ41L%5

IR

wavelength




Filter (2) Polarization Filter

Projector /

Joo oA

L~

* 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.
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)
¢ LD DAEATRFFLRESNT-

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
- 3IDDIFRIBBZEFEHE - ARDREREIZFLLY
Showed problem of “caption”. Equal to AR problem

XpanD Dolby3D IMAX3D

\"

:



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

TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFREIEHAS Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




HMD.

IDHASEERBR TARTLAIZFESE

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

\
1
1
L1
!
i

L]

!

 Treat the Video stream In
CG world.

 Conversion of HMDcam to
IPT is possible.

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

« “Texture map” the video
stream.

AV BSDT 4T BT ER




ZTDMDEER (2) FEENDEE(E

Other concerns(Z) Time Latency(rep)

“Vﬁngémgﬁ

Wi | Head Motion

EIEIDL e
Imge transfer

BEDENES Mo iuBE TICHRRELEN.

Latency between head motion and image display

B ZIE->1 &2 When the head rotates: f\

— HMD: \&/
o ERAEDEERIZFFINTS

The image moves

=3 % Ground fixed disply: w
¢ BHEIEMNTIAL. LA LI AEICEL T, BiTEsm © ¢

[COFTHEELD.
The image does not move, but distort.

v




TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHIR7EL.~Without Eyeglasses
— EADEBIZESHEE ANS.Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JeREER S I SR EEHIE ~ .~ From Ray Control to Eye Control




Control Rays

Normal enticular Parallax Barrier

o °
© o

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

¢ >

[ﬁ'ﬁ:ﬂfﬂbm‘g}

LAIL MH e — || ... QIZEN N . -
S T2 T8 W W T ST N
/ ..Jl),{ ]l: 1,Il‘l: ;”l\ }E{Tiiﬁﬁ{ " * y y a
. |50 =

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

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



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

N

parallax barrier

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

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



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

TWISTER-IV
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Wldeangle
Immersive
STEReoscope
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http://www.youtube.com/user/tachilab#p/a/u/0/SX_IKm1rT4I

TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHIR7EL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R a—AR)vOIEEE R Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




Volumetric Representation

 Rotate or vibrate the screen or mirror

« “Cross-section” image is projected
according to the motion.

Rastenzation System and

Graphics Memory STAE
Actuality Systems, Inc.

AV BSDT 4T BT ER
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Volumetric representation by layered LCDs

« LightScape Technologies
DepthCube 21024

. ZU—YDEEET BHERRE Y
B =y Z—20, DLPT O
:/179_-6%:‘@1:&%20
20 LCD shutters are stacked as
layered screen.

« 20D, FITIRZ Ty a—h
@%ﬁéo SIRICAD—2DEIKD &

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

AV BSDT 4T BT ER




TS5AXIT4RTLA/Prasma display

o FHL—H—E—LZFZERPIZT+—HAL, EXR
TS5 AXTIELTHEILEIHE S Focused IR Laser
beam generates prasma light spot

‘ TIXTHAE

TSI AL—H—

X-Y~Z AFxF—

http://www.aist.go.jp/aist j/press release/pr2006/pr20060207/pr20060207.html


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

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

BTk B3R ITEE IOV RHS R CE

=7
FEOIFRIET
« EERICEGNELDADTEEMIEIZKFLAL




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

/— windshield (fragment)

(1) Covering filter

(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

(8) Scanner

(9) Beam focuser
and profiler

(10) Laser

(11) Circuit board

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




INAZ=ZTFDOAR HUD

http://www.youtube.com/watch?v=koEyBO RxZE&feature=player embedded



http://www.youtube.com/watch?v=koEyBO_RxZE&feature=player_embedded

TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHIR7EL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— SR OHIEIIC LS Z R A%, Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




Lo X7ULA4A.~Using lens array

o LUFFa15—L U RXE2RITIZHLR
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

Rays for reproducing

Rays produced Out of
by certain pixels viewing angle
A M

A
@ P:'Virtual light source

Lens array c_—:___'_,_—_::ri::x:—:_x:"—:,

LCD umn@miumj;; 2T " 0
f Pixels for reproducing P

Pixels for foaming an elemental image

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



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

gCublik (Yoshida et al)



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

R R MRV -2 FBREER3D
F4RTLA (H3iL. 2004).” Rotational 3D
display using Retroreflector

ORI R V)V FAEIL R-REZTRE

Images from different direction is projected on rotational screen.
O X ) —UIEKEH R D HEIEHE RS EZE D (CORIENZE
WERALESS))

Screen is retroreflective only for horizontal direction

REFABIR
A9U—




RePro3D (T. Yoshida et al. 2010)

7R7x 7271

OO I HAT LA IEE
BRE=F+LUXTLAT
BRI ZHE R

O HIFERNMICLLZHRA
DE S

Projector array and
retroreflector generate eye

http://www.ist.qo.ip/pr/announce/20101012/index.html  Position dependent images.



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

RePro3D (T. Yoshida et al. 2010)
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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

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast

Omni—directional rays
are constructed
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SeelLinder (Yendo et al., 2005)



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

-Rendering for an Interactive 360° Light Field Display

-HeadSPIN (A. Jones, 2007, 2009)

_ = \mjrror
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reflected camera .~
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surface 4 I
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remote / ~ horizontal
participant ~ / polarizer
-

audience

oS5 — §EI~7|'\D7774‘J774)LA0_ L?ﬂﬂl:#fﬁﬁﬂh
KEARITERARF ->IT—OE@EMNOLMNRENR Z 40N

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




Head SPIN (A Jones et al., SIGGRAPH2009)
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http://vimeo.com/5812643



http://vimeo.com/5812643

TODAY’s TOPIC

» 3DTA4ARTL 473D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IREER ~Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHIR7EL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FREZFIHAI 5.~ Using lllusion

¢ TDHDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




BDTARTLAITHED
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.
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Zeh{&(Z Kk 5EERE ~lllusion by floating image

o ZER(Z (DT AME)MEINFINTILNSIEE,
UNES: ESl b F_L17L<E’th4=llléﬁ‘¢é

When the image is floating in the air without
anchorage, we feel it as 3D

25T 47 iR




Fog Screen

http://www.fogscreen.com/




JO0—T742JE Iy
Floating Vision (;X1#4=7, 2008)

— DDAV XICLURERU RS EHR

Graphic Virtual Graphic
(image)
%00 L DR (R $¥ 723D X
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http://www.schaft.net/n00bs/2010
/02/24230148.html

gr&n:mkm:um


http://www.schaft.net/n00bs/2010/02/24230148.html
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http://www.youtube.com/watch?v=Wzx9zid_FoA
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MARIO
« EBRBEOTODTARATLAZLTIZEINT LT,
ADTARTLAZBA-EITERIEMNAIHE
=L, LRI 2RITTARTLADI=ORRTEADILFEDOBIZIFHR

Depth data
Shadow projection

A
5'3;‘221 Projector Real imaging
optics

o

Mid-air

. image | l\
w ﬁ::Fi

Physical
objects [

30cm

|

Linear actuator

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). 8




EnchanTable

Projector (P) -

Mid-air image (1)

Half mirron

(HM) I

o T—JILEIZERBERT

- F—IJLEORFEFH. xR F—JILE
—- BEOT—TJILIZEHTES

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 |Interactive Tabletop Surfaces (ITS2015), pp. 379 -- 400 (2015.11).



http://dx.doi.org/10.1145/2817721.2823476
http://www.its2015.org/program/demos/

JIL7V)vERIE ~Pulfrich Effect

. TEDERENESIHUISRENITRS
Put eyeglasses with two different darkness for each eye

. BAEDEVICES>THADREIEREZIHHEEELS.
Different brightness genertates temporal difference

- BEOEOBEICE>TRENEL, BRITENEABREIND
Horllzontal motion of the movie causes disparity, generates 3D
feeling
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MBHTENMNMETHI:

[Za=-OFEQIAEILAIRTENE THI=]
http://blog.mobilehackerz.ip/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

T AEER ISR~ Pseudo 3D by 2 stacked images

« NTT:Spacelllusion

— DFDAR:BASEDELIR— D ZMDEREERTERIRT HE.
HiTEREFRLLON D (RERZPhantom Sensation?)
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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

B HItHEZALVS.~Using Motion Parallax

"
s A EICEHLETERZRZEILSESE, ML
ARAZL TV THERITERZHEICREL 5

I3D Head tracking for iPad

http://www.youtube.com/watch?feature=player embedded&v=bB EcfkHoOE


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

TODAY’s TOPIC

« 3DTAARTFLA.73D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IRIER! “Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

« ZTDDEERE
— JLEREEHIEI A SHCSCWA.~From Ray Control to CSCW
— JEREELR A I A SR EEHIE ~ .~ From Ray Control to Eye Control




lllusion Hole (kitamura et al., 2001)

mask

display surface

(a)
user's eye point (b)
user's A user's
eye point ’ o eve point
(G) .\:;\'.‘\';‘-;‘_-\ Wl , ,-,’,'.’«'"'.::'.W [C:l
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lllusion Hole (Kitamura et al., 2001)



Lumisight Table (kakehi et al., 2003)
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 Light control film
“Lumisty”: works both
as diffuser and
transparent film for
different angle.

| | e




Lumisight Table (kakehi et al., 2003)

o ANDVEI R DI EEES
Different images for different user

- BREZFALTFOEIE
z 8 TE

Simultaneous motion analysis
IS possible using transparency
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TODAY’s TOPIC

« 3DTAARTFLA.73D Display

— HMD
e HMD&EAAS HMD & Camera
« HMD¢AR HMD & AR

— IRIER! “Environmental Display

« AHARHY.With Eyeglasses

- IRIFEIEH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EEDBIZESHEE AN S Input Different Images to Two Eyes
— R 2—ARJ v Y1 BRERL. Volumetric Reconstruction
— FSRBOFIEIZLS 2RSS Ray Reconstruction
— FBEZFIHAT 5.~ Using lllusion

« ZTDDEERE
— JLEREEHIE A SCSCWA.~From Ray Control to CSCW
— NEREES A FHE SR EEHIE A~ From Ray Control to Eye Control
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HREK:E ) 0D F F.~ Using eve movement

« 2FEFEDAREKEE]
— Smooth Persuit GEE) 4B B

HREXEE))
poKY LBKINSIEREERT (S &
SIEE M DIREGEE). |

— Saccade(Bki# 4R EKEEF))
ATv7 LDRKES). FHEE.
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AL—X/\—X—rD F| A~ Using Smooth persuit
R—E arFifkix
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http://www.avix.co.jp/service/billboard/pole vision/index02.html
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

TEVOR(BR)R—ILED 3y
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http://www.youtube.com/watch?v=KhpMzNYetis



Saccade Based Display (watanabe et al)

o Hwh—K BEEICKEEkIET S

o TDEMITHIRIZEZ AL IET, —FKDLEDSIT
B{RZIERTED
— (FEERTEREAT . BEEBATAT7—Ya5F Y —IH9RTO—S5H (I R)

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

‘<

http://www.junji.org/saccade/index.html




Saccade Based Display (watanabe et al.)

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



INT AL/ Mini Test X[EIFIRET

LUT O£ TIZ100F LUINIEE THREH L~ Answer all questions within 50 words

1.

HMDDEREEEHZERIZE T AL XADRENZ DL TERAE £

Explain the role of convex lens in HMD.

ARZZXIHI HHMDDRKRIGEZ DDA RZEEAEFESH

What are two types of HMD for AR?

ARIZEITHE RERETDEREIC DL TEREAE &

Explain problem related to focal distance in AR system

ARIZHE T HERMEEIC DL TERAE &

Explain problem related to occlusion in AR system.
BEITIVAERAWEHARIIARTIINAT—EERER]TH5HEICOVTEHAR &
Explain how to realize full-color stereoscopic display by wavelength filter.
3DRECHITHFREDHREIC DN TEHRBAE &

Explain problem related to caption in 3D theatre.
LoFXaAT5—ICKYBREZTERTDHFEITOVTRZAVWTERBAE &
Explain by figure how to achieve parallax by lenticular lens
INGZORNYTICEYBEZERT DHFEITOVTRZAVTHRAE X
Explain by figure how to achieve parallax by barrier.
TILTYEMRITDOWTERBAE &

Explain Pulfrich effect




