Interactive System
AT TTT47 2 A
T Lz (4)

Hiroyuki Kajimoto

kajimoto@hc.uec.ac.jp

Twit

er |D kajimoto

|_

ash tag Hitsys



Schedule

4/11 &2 (lecture)1

4/18 HIR D 1= IKEE

4125 sRE D T=HIRE
512HsRD - IKEE

5/95& 2 (lecture)3

5/16:& % (lecture)4

5/23:&% (lecture)5
5/30:& % (lecture)6

6/65& 2 (lecture)7

6/13:& = (lecture)8

6/207 L+ > T—3 3> (presentation)1
6/27 HERD = AE

7147 L€ > T—3 3> (presentation)2
71117 L€ > T— 3 (presentation)3
71187 L ¥ T— 3 (presentation)4
7125 R D I=ORBED AT REME(RFERE)
8/1 14 F{gH



Outline of the lecture
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AREHAIFE % Measuring Human
fH& . Human Vision System
B> % ~Visual Sensing

AR T1AXTLA .~ Visual Display

e EE 2271 —X .~ Auditory Interface
e filE 22 TJT—X ~Tactile Interface
hE. hEA2 271 —R ~Haptic Interface
BENERE A 47— “Locomotion Interface




Mechanical - Mechanical
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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:ETEDIRT
Stereoscope display can present Depth

. —HELRROEREDIRT
Distance between image and myself is perceivable.

o DEYIDTARTLAIIHREMT INYTHL, HCEZEAERE
TERSES

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

» 3DT4RTIL1.73D Display

— HMD

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

— IREER Environmental Display

« AHXRHY./With Eyeglasses

- IRIFRILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R a—AR) VD7 BE R~ Volumetric Reconstruction
— JCERBFDHIEIC KD Z R R BR{E.Ray Reconstruction
— @R ZEFIFHT 5. Using lllusion

« ZTDuDEEE
— JLERBEH|EIASCSCW A~ From Ray Control to CSCW
— SRR A HIE A SR ERHIfEH A~ ~From Ray Control to Eye Control



Two types of 3D displays

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

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

A 35T 4T Bt hrEm



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.

A U350 T 47 Bifihsm



BRE &R F
Master and Apprentice

e C. E. Shannon

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

« Apprentice

— lvan 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”™

A U350 T 47 Bifihsm




HMDIZ HBR£%.HMD as a magnifying glass
- MARICELGTSHIRE

Two separate images are displayed to each eye.

« BREPIEETRIW IR
Head position is tracked by,
Mechanical Link,
Gyro
Acceleration Sensor
Magnetic Sensor
etc...

» RERR;AFRTEHEEZRS

“Magnifying glass” optics is used to keep distance
between eye and image.




TODAY's TOPIC

» 3DT4RTIL1.73D Display

— HMD

« HMD&EAAS . HMD & Camera
« HMD&AR HMD & AR

— IREER Environmental Display

« AHXRHY./With Eyeglasses

- IRIFRILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R a—AR) VD7 BE R~ Volumetric Reconstruction
— JCERBFDHIEIC KD Z R R BR{E.Ray Reconstruction
— @R ZEFIFHT 5. Using lllusion

« ZTDuDEEE
— JLERBEH|EIASCSCW A~ From Ray Control to CSCW
— SRR A HIE A SR ERHIfEH A~ ~From Ray Control to Eye Control



HMDRB DO AHAS &L ? ~Camera for HMD?

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

A U350 T 47 Bifihsm



TELESAR(T_aChi etal., 1989)
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http://tachilab.org/modules/projects/telesar.html

TOrso (Watanabe et al. 2007)
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http://tachilab.org/modules/projects/torso.html

TOrso (Watanabe et al. 2007)

TORSO

Completion of
ecocentric telegnosis system

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



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

SEER[EIER 7 fEREAEL
Head Rotation”? No problem!!

Robot Camera HMD

Seems obvious??



ZTOMDEER (1) IRFE AT ADRRE
Other concerns(1) Eye distance & view angle
« ERFEEEE (DASMEEERE) DA —E: MRIAREZTIEANHE Aor

INNIZEE ST D KSR, GLIARBEE DI FERER])
Difference of eye distances generate odd size feeling (miniature garden)

\/y e

- HFFADOT—E Difference of viewing angle
— BTENEMLLLES. Distance is changed
— FEEBEIEREFDORE, EERDOMANEEE DBEIC< > DWLTEKD, #HAMH

[Ziit4. When head rotates, objects “move”.
— RBEZHTHIT-EZDEFRK

WY



ZTOMDFE R (2) FRELENDMERE

Other concerns(2) Time Latency

Head Motion

E{& D151k
mge transfer

« BEDEFESH LB E TICHRREEN.

Latency between head motion and image display

¢ HZIR-71-&ZE When the head rotates: /\

— HMD: \\kﬁ//
« ERAEDEERIZFF TS

The image moves
— FREE Ground fixed disply:

« EHRIFALTIAL. LALITAEISEL TR, BiTEA
[COT HZTEHELSD.
The image does not move, but distort.
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HMDDF| &R = Pros & Cons of HMD

o TEVEREHLLY.Users can walk freely

« BRORKRZERES-OECERFIENELGS, FiE
EN., EBIZEY nIzxLTa/NARMZ~Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

« EfEARYE(HAZ)EDHEMEAEBRLY. Easy to
design distance robot camera.

- EETHDTEL, FAER. Heavy and feeling of
being caged

« BEENEINA-OMNARIAZ2=_r—aVIZET R
~Face is hidden, meaning two way
communication is difficult.

- REFAZTKEIEDHERETHEHLLY. Design of large
field of view is quite difficult.




E R hiRHMD ? Oculus Rift(2013~)



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

Oculus Rift(2013~)

b E l

p
e
y
'_"

v

o« LI AB-HNDI kK
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- DT EAEL I ES>TREOEHEMET BN TIEEL, FARATLAIS
BB 2E A TEDEHE DT TERR

« ZFEILDI=6HDOI kK
— BIRYESIZXNTHEEZTITLY, TEXZEMNTEEENDUVNTLS IHREXfEH

K Efth, Reflex HMD : BiilEE R 5t aEZ iF 2 I=HMD D B 5
A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex

BAN—FYILYT T E RS 6(2), 107-114, 2001



TODAY's TOPIC

« 3DT1RTLA.73D Display

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

— IREERY “Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



Augmented Reality (AR) and See-Through HMD

* Overlap CG image and the real world

— ET4L—XJL—.Video See-Through:Capture the real
world by camera.

— AT T4hIL—XJL—Optical See-Through: use half-
mirror & optically overlap

B354 7 B R



See-Through HMD (video see-through)



AR@ FI:ﬁL ( 1 ) E
Problem of AR

OHMD1R : $E BRI EAIRFEOTL M
HMD image is always at the same distance.
OEH A DMK FEEEXELED
Distance of real world object is arbitrary
MAZRRFICIOUTICREIENTELLY
User can’t clearly observe the two simultaneously.
ETH4Y—XIIL—TIERRBIZESELD ., ERIFEEDERNDAS
NILETEHFLIFIESTLS
Video see-through partially solved the problem, but the real
world image is different due to large depth camera.




AR 78 (2) #E ik
Problem of AR(2) Occlusion

o—
RO

(A) @& DOHMD. Ordinary HMD
(B)IEAE g7 ERRIKRE. Ideal occlusion
(C)See-Through HMD.
(D)X E &Y~ Ground fixed display.

SHECAVE



e =

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

Image of Pixel

=1AAEIHMD Retina scan display

Ll
]]]|II.|J

— REKDOLUXZ&BEEBNTE
Image focus by the eye lens is unnecessar
» Problem of focal distance is solved.

Red Laser

v, Diode 1",

Scanner Intensity ' I
1/60

Time

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



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

ISY— T4 DREEEETARTLA
Retina Scan display by Brother Inc.
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http://www.3dc.ar.jp/ip/act rep/090612/Sato.pdf



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

I —TX*DHEREEETA AT LA

jpa scan display.by E’Qgtf;er Inc.

-
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www.diginfo.tv

http://www.youtube.com/watch?v=0IAZpmaYic8
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Head Mounted Projector by Retroreflector

775



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

BIRY R ET#
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.

N

A U350 T 47 Bifihsm



RPT: Retro-reflective Projection Technology

\/M\

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

TN

/ computer

projector

video camera |

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
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 U350 T 47 Bifihsm






TODAY's TOPIC

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

o AHRHBY./With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



Two types of 3D displays

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

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




Ground Fixed Display

S CAVE

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

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

A U350 T 47 Bifihsm



LCD shutter type IPT system: CABIN @ U-Tokyo




Filter (1) Color Filter

* Red cellophane and Blue cellophane. That's it.
— $$Cheap!$$

— Color is strange. Snsss i ) /)

@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
s slightly shifted, but we can not

knOWI A wavelength
* Most beautiful 3D display for L
current technOIOQY- ziagr:f},/,e;ilter

>

/ A wavelength
Projector H ”
Left Eye Filter
EBET741LE

:
W T L

—




Filter (2) Polarization Filter

Projector /

Ja oA

A2 Y—L
Screen

e

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

e 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)
¢« LWOMDAXTHRFFLMREINT-

— XpanD: Time multiplexing

— RealD: Polarization filter (circular)

— Dolby3D: Full color “color filter”

— IMAX3D: Polarization filter (linear)
http://itsa.blog.so-net.ne.jp/2010-01-15

- DD FRIFEZRHEE - ARDEREICFLLY
Showed problem of “caption”: Equal to AR problem

XpanD RealD Dolby3D



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

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

« AHRHY.~With Eyeglasses

- IRIERILHAS  Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



HMDRADAASERER TA AT LAIZFESE
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

Head rotation change position and distance
= The world is twisted



(BE)VERERTARTLA,

Camera for Ground Fixed display

\_~

EITIDIZKY, AASHEIZE
IE@mZmUN=FFERER

Parallel link moves the cameras
while they always looks in front.

1771 A5 (Yanagida et al.1999)

Yaw axis  camaras

LA

Hh A S HERE

63mm
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Virtual Screen

]
)
)
1
I
i
!
]
[
I
)

\
1
%

L]
i
L

1
!

 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.

A U350 T 47 Bifihsm



TOMDEER (2) FRIENDRERE(H)

Other concerns(2) Time Latency(rep)
WO T50@ @ 'mge transfer 1 0‘? !
_ - _ . \
« BEDEIETH LIEEFTICHHEEN.
Latency between head motion and image display
« HZIE-1-EE When the head rotates: A
— HMD: \&/
o BEEMNEDEERIZFFINTLS
The image moves a
— FHEZH Ground fixed disply: w .
- ERERVTIAL. LALITHEEISELTEED, Bassm © 8 |3

The image does not move, but distort.




TODAY's TOPIC

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EA®DOBIZESHEE ANS.~ Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



Control Rays

Pixels

‘Put different rays to different direction

Normal

enticular

°
°

[ { N N A I |

Pixels

‘No Eyeglasses!
‘No Head tracking!
‘Resolution is lowered

°
°

Parallax Barrier

“M=M=D-D-

Pixels




Y.Aono (2010)



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

EXE3DS
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« N)7HDRKREE: 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
for left eye forright eye

parallax barrier

LED array

% f

®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: Prototype
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TWISTER-IV


http://www.youtube.com/user/tachilab#p/a/u/0/SX_IKm1rT4I

TODAY's TOPIC

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— RYa—AN) YOI B R Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH 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.

Rastenzation System and
Graphics Memory

Actuality Systems, Inc.

A U350 T 47 Bifihsm






Volumetric representation by layered LCDs

« LightScape Technologies
DepthCube Z1024

. RO =2 DEEET HREAL Y
R)2 Sy R—208, DLPZ A
:)179_-—6%@*§$20
20 LCD shutters are stacked as
layered screen.

. 20DM, BIZTRE TS vrya—ht
@ﬁé ERIZRI )= EIKD &

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

A U350 T 47 Bifihsm



T5AXIXT4ATLA.Prasma display

« FHL—HF—E—LEZEMPIZTI+—HAL, ZXR
I SAXTIELTHILEHE S Focused IR Laser
beam generates prasma light spot

. TS X T HLE

ok s UL AL —HF—

X-Y-Z AFvt—

http://www.aist.qo.jp/aist j/press release/ r20060207.html


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

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

HEBFIC L B3RTEE IOV SR T

=7
BIEDIMIRIELT
o ERICEBNELDD TESPUE[TIKFLAL




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

windshield (fragment)
Sq g

TH image
r

{1} Cowvaring 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

(B} Scanner

{3} Beam focuser
and profilsr
(10} Laser

{11} Circuit board

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



INAZFZ=F7DAR 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

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R BR{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



L X7L4 AT~ Using lens array

o LUFXaAT—LIURXE2RTTIZHLGR
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

L " ]
LI
o
L i 1.-.-'.. -'..‘."‘ 3
-

"-"IHI‘.-...--.‘-..I: -
SRRy g . L LA L

@ .‘.‘I

Rays fol
Rays produced Qut or
by certain pixels viewing angle
A

A A
' @ P Virtual light source

Lens array c:_:":::r:__:"_,_“__:t:__:x::’_",? <

LCD D:I]:IIEE:ED_*EEEED:-:E O
f Pixels for reproducing P

Pixels for foaming an elemental image

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



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

gCubik (Yoshida et al)



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

B a%ﬂa"i— .L\T:é)% # [l 8 F 3D
TARATLA ( I.2004).”Rotational 3D
display using ?etroreflector

O[EIER V) —UIZ FAEN L RI-BERZEZ

Images from different direction is projected on rotational screen.
O ) —UIFKEAZ R DHBIFERFTHEEZFTFD (COFFIEMNG
LWEREMTREES D)

Screen is retroreflective only for horizontal direction
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RePro3D (T. Yoshida et al. 2010)

O 7R—TF LA

BREENE WO=T,

eJnT YT L e EE
BRBREZF+LXTLAT
BRI ZHE R
OHIFMERFNMICELZIRA
DES$L]

Projector array and
retroreflector generate eye
http://www.jst.go.jp/pr/announce/20101012/index.htm|  POsition dependent images.



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

RePro3D (T. Yoshida et al. 2010)

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



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

AR

LED array

.. Barrier rotation

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast

Omni—directional rays
are constructed

>
4
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\
[TITANRSN
IEEELANNORN
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I|‘\\\\\\
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/N
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SeelLinder (Yendo et al., 2005)
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http://tachilab.org/modules/projects/seelinder.html

-Rendering for an Interactive 360° Light Field Display

-HeadSPIN (A. Jones, 2007, 2009)

-

_ ..Vlrror
high-speed - < vertically polarized
_— e .
projector :]‘ P
/!

/beamsplltter

reflected camera .~
position

|
|
|

spinning display
surface </

s oo
remote I horizontal /

participant \--:‘ / polarizer "a

|| N \
Z {’\) RN

~ audience

B8RS 5 — i'%ﬁl 7|'\D7774‘J774)LA0_ 77'['1! N &
KEAMITEARN-ZIT—DEENLMNBRENR Z 70

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




HeadSPIN (A Jones et al., SIGGRAPH2009)

T

']

http://vimeo.com/5812643



http://vimeo.com/5812643

8D (A. Jones et al., CHI2013)

lllumination 1 - A Virtual Shadow

\ g~
L

INput Light Field (1}
Input Light Field (2}
Qutput Light Fiald (1

Figure 1. The 8D prototype allows for glasses-free display of 3D content, whilst simultaneously capturing any incident light for re-illumination and
nteraction. From left to right: A user shines a light source (lamp) at the 3D display, and the rendered 3D model is correctly re-illuminated. Virtual
shadows can be cast by placing a finger between the display and light source. This allows any light source to act as an input controller, for example to
allow intuitive interaction with a medical data set. 8D works by simultaneously capturing and displaying a 4D light field (as shown bottom left inset).

WUINL AT LAICE DA RBRBRZERESICHERAL, 5
D IIRIRIZZENS.

Hirsch et al.: 8D: Interacting with a Relightable Glasses-Free 3D Display, CHI2013
http://web.media.mit.edu/~mhirsch/8D/



http://web.media.mit.edu/~mhirsch/8D/

TODAY's TOPIC

« 3DT1RTLA.73D Display

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

— IZER Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— R ZFIFHT 5. Using lllusion

o ZTDMDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ From Ray Control to Eye Control



BDTARTLAIEHED
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 obiject is critically
important.

A U350 T 47 Bifihsm



ZEh {1 L AHEEE lllusion by floating image

o ZEHRICHDIZANERENZFENTLSIGE,
ANEBFICTILRB 1 EHIBTT 5
When the image is floating in the air without
anchorage, we feel it as 3D

B30T 47 B R



Fog Screen

http://www.fogscreen.com/
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JO0—T42JEDay
Floating Vision (/X474 =7, 2008)

— 20O X ICLVERLERIGERE

Graphic Virtual Graphic
(image)
i b D $5iEA DAL X

Lens \ f:r AL X TLA)

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

El’rﬂi:iﬁﬁxntﬁﬂ


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

JO0—T 42 ESaY (844=7,2008)

http://www.youtube.com/watch?v=Wzx9zid FoA




JI)IL7Y)vEZNE ~Pulfrich Effect

- MBDEREMNEIYVISIRENTTRS
Put eyeglasses with two different darkness for each eye

« BALSDEWVIEI>TRADREFHRIGZEICHKEZZELS.
Different brightness genertates temporal difference

c FEDEOESICE>THRENEL, BITENERREEND
]Ic-lorizontal motion of the movie causes disparity, generates 3D
eeling



ELDINIFT

CAOZOHEDIA M E
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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

REEIRIRZ . ~Pseudo 3D by 2 stacked images

 NTT:Spacelllusion

— DFDAX BSSDELLIR—D_HMDEBREERTRERT HE.
HITERERERLLN D (FRERZPhantom Sensation?)

ERE(T77) SmE(iE)

HES I d ! d
/ ! -'Il
b = RITHE T
i SEIDFD AR BAEOBE&E AR

E ““““ h
REs

[ 4 E K, -

/ BiIiE i '\‘\ /' T \\
R LoD/ iRIL LCDAARIL @RiE s SA W LoD ERE AudTAt L—Z -0

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

B HItHEZHLV5S .~ Using Motion Parallax

. WAMEISADE TEGELILSEAE, MR
TR2E % | TLMVESTH BT R4 BRI SR 2



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

3DD KSIZH Z BiPhon JZE>THF



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

« 3DT4RTLA.73D Display

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

— IREERY “Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

« TDDEERE
— JLERBEHIEI A SCSCW A ~From Ray Control to CSCW
— SRR S HIE A SR ERHITEH A~ 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 ’ - eve point
(@) = _,;;,-r:-‘f'"v (c)

draw area

(c)

A U350 T 47 Bifihsm



lllusion Hole (Kitamura et al., 2001)




Lumisight Table (Kakehi et al., 2003)

c ERICEOBERMIL
SATAREDAREIZ [ T
WCTHRANTYHS L.
AIDEIIZIFOIF TR -
ZBDFINIEHNFE T«
IWZT4IL L,

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

=
1




Lumisight Table (Kakehi et al., 2003)

o ANDVRI R DB EERER
Different images for different user
- EHAMZFALTFOEE
Al E
Simultaneous motion analysis
IS possible using transparency

User C's view

pjﬂli’.ﬂ' i Frojec ,
| Camera :




TODAY's TOPIC

« 3DT4RTLA.73D Display

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

— IREERY “Environmental Display

« AHRHY.~With Eyeglasses

- IREEEILHAS ~Environmental Display & Camera

« AHREL.Without Eyeglasses
— EA®OBITESKEE ANS. Input Different Images to Two Eyes
— R 2—AR) YD1 BRE K.~ Volumetric Reconstruction
— JCERBEDHIEIZ KD Z R R R{E . Ray Reconstruction
— #BREZF|FHT 5. Using lllusion

« TDDEERE
— JLEREEFIEI A SCSCW A~ From Ray Control to CSCW
— JEEREER = HIEI A SR EEHIE~ . From Ray Control to Eye Control



HREXZE) D FI A~ Using eve movement

o 2FEFEDARTKIEE)
— Smooth Persuit GEENE B TR

HREXEE])
oY EBIKINSTE REIBHF T
LHHEE M DIREKEE).

— Saccade(BkiE IR Bk E Ef)
ATv7 LDREKEE). FHEE.

A BT T A7 T +F i



AL—X/\—ZX—btDF| A .~ Using Smooth persuit
R—IWEVardifiTelx

BB EIRA L L T E L LED, A — L2 e T I 38 GE 3R B TS & - o (O E 2 T
FROTLETOT, FhER w8 n R TIET .

i+ D BRI B EODEAETR

oI T 3 AR A FET e T U E 1 A £E2T. RS 500 — Al TR 2 50—
2L LT B i T EE | R R IR E ST AT DT,

—Ao20-]

S CREERENER D IET. {(FHT BRI FRIR RS TR FEN 2 TEE T,
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

TEYDR(#R)R—ILEDaY
/)

LRSS

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



Saccade Based Display (Watanabe et al)

o By —K REIRICKESBET S

o ZTDEMICHIRICEZTATIET, —FADLEDFIT
B{ERZIRTTED
— (FEETEAGAT . BRGATAT7—Ya5F Y —IH9RTO—5HY (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 REIFIRET

UTDOETIZT100F LN E THZEH & Answer all questions within 50 words

1.

2,

HMDDERHEHZRICEITHL o XDZENZ DL TERBAE &

Explain the role of convex lens in HMD.

ARZZEIH T HHMDD R RIEZ DD ARZETLAEFESH

What are two types of HMD for AR?
ARIZEITHE SRS OMREIC DL TERBAE &

Explain problem related to focal distance in AR system
ARIZEITHERBEIC DV THRAE K

Explain problem related to occlusion in AR system.
BREIAVAZRWERII AR TINAT—ERETHHEICOVNTHBAE &
Explain how to realize full-color stereoscopic display by wavelength filter.
SDBREZH T HFREDEREIC DLV TEHAE &

Explain problem related to caption in 3D theatre.
LoFXaT—ICEYREZERTHAEICOVTHZAVWTHRAE X
Explain by figure how to achieve parallax by lenticular lens
INGSDRANYTFIZKYREZTERT HFEICOLVTHZAVTHBAE &
Explain by figure how to achieve parallax by barrier.
TILTVYERMRIZ DOV TERAE &

Explain Pulfrich effect



