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Schedule

10/5 « F&ZE(lecture)
1012 - F&F(lecture)
10/19 - F&Z(lecture)
10/26 - F&(lecture)
11/2 « FE#(lecture)
11/9 « {K:&

11/16 « {K&&

11/23 « ALY, 1125B)A—ToSRKMRERZE (IE)
11/30 - F&(lecture)
12/7 + FE#(lecture)
12114 « K3
12/21 « F#Z(lecture)
111 « & (lecture)
118 « +wUA—HRERERE
125 « FLE2F— 3z (presentation)
211« FLE2T—av(presentation)2
2/18 « FLEUTF—ar(presentation)3

Outline of the lecture

AFEEHBIF %~ Measuring Human

8% ~Human Vision System
RE+EL LY ~Visual Sensing

HE T« RT LA Visual Display

BEE . HEE /271 —X.~Auditory Interface
fibE . i > 271—X ~Tactile Interface
HE. HEA2RTx—R Haptic Interface
BEBE (271 —RX.Locomotion Interface

® N OhA N>

Mechanical - Mechanical

A=

.
Photocell NeonTube §[& s
e
AOUBEES  WRESEE "
EECEA DEBER

 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

mEE (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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From 2D to 3

+ 3D:EITEDRT
Stereoscope display can present Depth

+ —BERERRDEHDIRT
Distance between image and myself is perceivable.

« DFEYIDTARTILABHRERS ENY T BEEBATLRE

EHEES
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

« 3DT1RTL 43D Display
— HMD
* HMD&A AT /HMD & Camera
+ HMD&AR ~HMD & AR
— IRER ~Environmental Display
o AfF&HY.With Eyeglasses
- R LHAS /Environmental Display & Camera
o AfF#L~Without Eyeglasses
- EBOBIZE>B{$% AN/ Input Different Images to Two Eyes
— RYa—Ar) v o B Volumetric Reconstruction
— RARBED I & D B8 A& Ray Reconstruction
— $#HEFIAT 5.~ Using lllusion

. ZTOHODEERE
— FIREEHIEH SCSCW .~ From Ray Control to CSCW
— FIREEIR RFHIE A SR ERFIE A~ From Ray Control to Eye Control

Two types of 3D displays

* HMD.”Head Mounted Display
+ &% ~Ground-Fixed Display

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

285971 Biliiin

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

2859 T4 T Biliiin

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.

AVBSOTAT Bl

BfE &3 F
Master and Apprentice

« 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

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

AVBSOTAT Bl




HMDI ®REREE.~HMD as a magnifying glass
- MRICELGHE

Two separate images are displayed to each eye.

o BEERMIEEHRIAZAE
Head position is tracked by,
Mechanical Link,
Gyro
Acceleration Sensor
Magnetic Sensor
etc...

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

TODAY’s TOPIC

« 3DT1RTL 43D Display

— HMD
* HMD&AAS/HMD & Camera
+ HMD&AR ~HMD & AR
— IRER ~Environmental Display
o AfF&HY.With Eyeglasses
- R LHAS /Environmental Display & Camera
o AfF#L~Without Eyeglasses
- EBOBIZE>B{$% AN/ Input Different Images to Two Eyes
— RYa—Ar) v o B Volumetric Reconstruction
— KRB OFIEIZL DB RBRERay Reconstruction
— $#HEFIAT 5.~ Using lllusion

. ZTODEFERE
— FIREEHIEH SCSCW .~ From Ray Control to CSCW
— FIREEIR RFHIE A SR ERFIE A~ From Ray Control to Eye Control

HMDR®DAAS &I ? .~ Camera for HMD?

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

285971 Biliiin

Torso (Watanabe et al. 2007)

Master

Slave

CCD Camera

Rotational
Axis

ntersecliong
2oint

GhIlabiorgn odules/projects/torso.html

Torso (Watanabe et al. 2007)

TORSO

Completion of

egocentric telegnosis system




SEEREIER 7 RREAL
Head Rotation? No problem!!

Robot Camera

W W
e

Seems obvious??

Z0M0EE R (1) IRFE R LRI ADRE
Other concerns(1) Eye distance & view angle
+ IRFERERE (M ASMHIIERE) OF — Bl MR ARETIEAAHE Aor

INNITHS DD EIBRBE. CIERBLL DI FEER))
Difference of eye distances generate odd size feeling (miniature garden)
L]

VY

- R A DOF—B Difference of viewing angle
- B{TEMNENLL%S. Distance is changed
- BEHEERETOR, EEOYMEANBREEDIE>DVTELD, #HER
2§15, When head rotates, objects “move”.

- RBENHTHFLE DRI

ZOMDIE R (2) BN D REE

Other concerns(2) Time Latency

our |

« BEOBENSHEFE TICKHEEN.
Latency between head motion and image display

« BZiR-o7-£ZF When the head rotates: A ; ;
— HMD: ‘,
- ERAEOEHIHTG -
The image moves
— &% Ground fixed disply: W
. ;ﬂ%%%ﬁt\‘cgm.\ UL ARRICELTIEIEL, BITEHRA
148

The image does not move, but distort.

<
owi ]

Effect of HMD Latency on Human Stability during Quiescent Standing on one Foot
Soma Kawamura, Ryugo Kijima, IEEEVR2016

e  The FON o OK2 s ik
DK, R: The Image of FOV Limited-Gla

Force Pla

Number of Subjects =

O
HMD D ESRIBIEA, [ A B T
11BRRV N5 Z 25 BER~ -
EDDBEOWMTRHARCTUD. B
BENKENVFERELBENRS
h, B TEEBEDLE (K RILE b AL
T TEEL) ADOEH M.

HMD®D F| &R 5.~ Pros & Cons of HMD

- fTENEREAVALY.Users can walk freely

c BRORKRERES-HESRFAELNEED, B
EBh, BZdhIzwLTE/ AR~ Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

o ERORYS(HAS) EDMBIEA R Easy to
design distance robot camera.

o EETHDTEL, FAER Heavy and feeling of
being caged

o BEARENDORAMIAZA=r—LavITETE
/Face is hidden, meaning two way L
communication is difficult.

. HBHAEREEDHHRAHELLY. Design of large
field of view is quite difficult.

E X RHMD® & 88 Oculus Rift(2013~)



Oculus Rift(2013~)

o BT BHDIX

- REEOTERICHBELIEZZEDTARATLAITIEES —D2DFARATLAIZEE,
% BBRIGEHEE

- EROIEELEL Y XK > TBRIEDEAEFET 1IN TIILS, TARTLAIZ
HEYTIHATEOEAEDTTRT

+ RELEDHOIX
- EHRVEBICHT HMIEETL, [REMH T LEGH OV TS IRIEERY

K&fth, Reflex HMD : BiIEE & 43 #REZ i X F=HMD DB 5
A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex

BARN—FvILUTUTAERIEIEE 6(2), 107-114, 2001

TODAY’s TOPIC

+ 3DT1RFLA.3D Display
- HMD
* HMD&AAS/HMD & Camera
+ HMD&AR ~HMD & AR
— RER “Environmental Display
« AF&HY.With Eyeglasses
- B LD A5/ Environmental Display & Camera
» A F4EL~Without Eyeglasses
- B0 BISES5B$% AN S/ Input Different Images to Two Eyes
— RYa—AR) v o7 B Volumetric Reconstruction
— FRARBED T LD B8 R BERay Reconstruction
— $EEFIAT 5 Using lllusion

. ZTOfDEERE
— FL#REEHIEH SCSCW .~ From Ray Control to CSCW
— FAREEIR A HI A SRR EH A~ From Ray Control to Eye Control

Augmented Reality (AR) and See-Through HMD

» Overlap CG image and the real world
- EF4 L —XJL—.Video See-Through: Capture the real
world by camera.

— A FF4HhIL—RAJL— Optical See-Through:use half-
mirror & optically overlap

A5 T 4T HilttER

See-Through HMD (video see-through)

ARDMEIFE (1) £ = FAE
Problem of AR (1) Focal distance

i

OHMD1&  #EG I BARFE>TLS
HMD image is always at the same distance.
OEHRDYIAK BEREFELFEDL
Distance of real world object is arbitrary
BAZREFICITICRHIENTEEL
User can'’t clearly observe the two simultaneously.
ETAY—RIL—TIEBRBIZESZND, ERBEDRNAAS
ARBETEMRLIFEL>TD
Video see-through partially solved the problem, but the real
world image is different due to large depth camera.

ARMARE (2) &Rk
Problem of AR(2) Occlusion

STCAVE]

(A) EHE DOHMD. Ordinary HMD
(B)ERAE R IERRIREE. Ideal occlusion
(C)See-Through HMD.
(D)% EE! .~ Ground fixed display.




IEE =A#A#EHMD Retina scan display

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

Image of Pixel

- REROLU XL BHEEGITE
Image focus by the eye lens is unnecessary o’
« Problem of focal distance is solved.

- J
C&D Electronics

Red Laser Delj v
»,Diode __
? t "

Time.

Scanner Intenatty ]
| 160

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

77#—1%0)%%%7&7‘-“417 LA
a scan display.by Q’Pther Inc.
&,

| -

o
Y J

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

BRIt 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.

AVBSYTAT Bl

IS —TEOWBEEETARTLA
Retina Scan display by Brother Inc.

o L
@%ﬁ%ﬁm pevice ') ,‘,{i‘{’f EREIN AR

(@iﬁor%ﬁfﬁ—)
FHES > &

E
&
ol
Jo

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

BIRMRIMEAVBERESE IO V4
Head Mounted Projector by Retroreflector

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

RPT: Retro-reflective Projection Technolog

oW N

specular reflection diffused reflection 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

retroiﬂective cloak \ i

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

Robot surface becomes screen.
(Aichi World Expo 2005)

AV 859 T 1T BiliiER

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

Eye Focus Plane

Pinlight Displays: Wide Field of View Augmented Reality
Eyeglasses using Defocused Point Sources

Andrew Maimone™  dy
Douglas Lanman’
Kishore Rathinavel”
Kurtis Keller*

David Luebke"

Henry Fuchs®

Pinlight Plane

"The University of North

Carolina at Chapel Hill Modulation Plane

NVIDIA Research

https://www.youtube.com/watch?v=P407DFmOPFQ Ty vt

e

EVR—ILIZKDRFHTTRIIT, LYXEFERALGLAER. ZOHLUX
DHAEDFILEADEENELEVSEVREEER

Hololens(Microsoft)

— R FE S —R L — Hololens (Microsoft)
(BREREHRIFE)

RATSTvo AR HRFICKDBRTLYADRE
HHS—Z L —HMDD /ML ERER.
HMTRHIETRESE(HILEIRIA)

http: slideshare. I 58620

W/
B

Microdisplay




TODAY’s TOPIC

+ 3DT1RTLA.3D Display
- HMD
* HMD&A AT /HMD & Camera
+ HMD&AR ~HMD & AR
— IREEE! ~Environmental Display
« AiFHY.With Eyeglasses
- BRI LD A5/ Environmental Display & Camera
« A F4EL~Without Eyeglasses
- B0 BISES5B$% AN S Input Different Images to Two Eyes
— RYa—ARY v o7 B~ Volumetric Reconstruction
— KRBT LB B8 R BERay Reconstruction
— $EEFIAT 5. Using lllusion

. ZTOfDEERE
— FLIREHIEH SCSCW .~ From Ray Control to CSCW
— FAREEIR A HI A DR 4RI EH A~ From Ray Control to Eye Control

Two types of 3D displays

*« HMD.”Head Mounted Display
« &% ~Ground-Fixed Display

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

Ground Fixed Display

STHECAVE

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

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

AV 859 T 1T BiliiER

LCD shutter type IPT system: CABIN @ U-Tokyo

Filter (1) Color Filter

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

— $$Cheap!$$

— Color is strange. Javass

[
“' sy—t

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. R Eye Fiter
— “Dolby 3D” employs this method

wavelength

3
>

=

>

wavelength

A
Projector
a - Left Eye Filter
“[ ) EETLE

I Screen
‘ wavelength

=




Filter (2) Polarization Filter

Projector

Jovzss

W
¢

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

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

-

Screen

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)
* WOH DA A TRBF LIRS 1=

— 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
« 3IDDIFH IHEZRHESE - ARDEEIZFLL
Showed problem of “caption”: Equal to AR problem
XpanD RealD

Dolby3D
| N |

TODAY’s TOPIC

+ 3DF4ARFLA.~3D Display
- HMD
* HMD&EAAS./HMD & Camera
+ HMD&AR ~HMD & AR
— IRHE%! ~Environmental Display
o AHFHY./With Eyeglasses
« BRI LHAS Environmental Display & Camera
o A F4EL~Without Eyeglasses
- RO BIESMEE AN Input Different Images to Two Eyes
— RYa—AK)vo1 B Volumetric Reconstruction
— RARBO L D218 ARG Ray Reconstruction
- $#REFIAY % Using lllusion

. ZTOMDFERE
— SAREEFHIHAHSCSCWA .~ From Ray Control to CSCW
— SAREEIE M FIEA SRR H A~ ~From Ray Control to Eye Control

HMDRADAAZEREBER T4 RATLAIfESE
If we use HMD camera for Ground fixed Display

HMDcam

Ground fixed Display

Y W5

Head rotation change position and distance
= The world is twisted

Virtual Screen A

+ Treat the Video stream in \\ﬁ/
CG world.
"
! i

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

* “Texture map” the video
stream.

* Conversion of HMDcam to
IPT is possible.

AVBSOTAT Bl




ZOMDIE R (2) FEEN DREEFE)
Other concerns(2) Time Latency(rep)

our |

« BEOBHENMEEFTICHEEN.
Latency between head motion and image display

« BE%IR-o7z&%F When the head rotates: i ; ;
- HMD: -

« ERAEOEEISFNTG —

The image moves

— EXE%! Ground fixed disply: W
o BERIEFVDTIGL. LHALIZHERISBEIL TIEIEL, RITEHA
ISOTHEELS.
The image does not move, but distort.

owi ]

<

TODAY’s TOPIC

+ 3DT1RFLA.3D Display
- HMD
* HMD&AAS/HMD & Camera
+ HMD&AR ~HMD & AR
— RiER “Environmental Display
« AF&HY.With Eyeglasses
- B LD A5/ Environmental Display & Camera
o AH#7ELWithout Eyeglasses
- EEOBISESKEE AN S Input Different Images to Two Eyes
— RYa—AR) v o7 B Volumetric Reconstruction
— RARBD T LD B8 R BERay Reconstruction
— $EEFIAT 5 Using lllusion

. ZTOfDEERE
— FL#REEHIEH SCSCW .~ From Ray Control to CSCW
— FAREEIR A HI A SRR EH A~ From Ray Control to Eye Control

Control Rays

Normal Lenticular ‘

| Parallax Barrier |

®
?3%

_DMD_D

®®

Pixels Pixels Pixels

‘Put different rays to different direction
‘No Eyeglasses!

‘No Head tracking!

‘Resolution is lowered

Y:Aono (2010)

EXE3DS

(EAEAL &

o [ATFTXIRTRIR] o u s

DICIC) W P I i N e

AT - - - | (|- :
77V X [faoran{| TR/ T T T ]|

1
N N A . DFFﬂ}UT o

— RN ﬂ

« NUTRDKRE 2D 3DUIYEZ
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  forrighteye

N

parallax barrier

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

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

10



TWISTER-IV

. W

|

. —TWISTER:

‘W Telexistence
Wideangle
Immersive
STEReoscope

http://www.youtube.com/user/tachilab#p/a/u/0/SX_IKm1rT4l
2859 T4 T Bl

TODAY’s TOPIC

+ 3DT1RFLA.3D Display
- HMD
* HMD&EAAS./HMD & Camera
+ HMD&AR ~HMD & AR
— RiER “Environmental Display
« AF&HY.With Eyeglasses
- B LD A5/ Environmental Display & Camera
o AH#7ELWithout Eyeglasses
- B0 BISES5B$% AN S/ Input Different Images to Two Eyes
— RYa—Ar) v o7 B Volumetric Reconstruction
— FRARBED T LD B8 R BERay Reconstruction
— #&H%FFAT 5 Using lllusion

s ZTODEERE
— FL#REEHIEH SCSCW .~ From Ray Control to CSCW
— FAREEIR A HI A SRR EH 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.

285971 Biliiin

Volumetric representation by layered LCDs

+ LightScape Technologies
DepthCube 21024

o A= Mf i“’&?—é/ﬁaax
)y -*/vu’;‘l— 0#%, DLP
DI 3—TEEEE.,
20 LCD shutters are stacked as
layered screen.

+ 208DA. ISR voa—m
Féﬁ_r;{liéo BRIZRV—UDEKDE

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

AVBSOTAT Bl

TSI T4RXFT LA ~Prasma display

s FHL—HP—E—LEZEMDPIZTH—DAL. ER
#TS5XLLTHEALEHE S Focused IR Laser
beam generates prasma light spot

. TS RNAE

Fo L AL—HF—

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

11



A photophoretic-trap volumetric display Luciola: A Millimeter-Scale Light-Emitting Particle Moving in Mid-
Air Based On Acoustic Levitation and Wireless Powering

o ERLEOSR—T4INEL—FTRATEIT
BT, S—TA 2L EBHTEENRON TV -OREILIMER TEX
W&, BIVA—MLONSHEEIE LN E R TELL

- BERZExZRGEE

http://shiropen.com/2018/01/26/31809

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

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

windshield (fragment)

« I5—HREBFICEHIRTKETIOUNISRATH
BEOIRILT ,
. %Iﬁ[:ﬁ{%h(i L:é (1)) 'GEE&B{ﬁE‘:{Kﬁ L/fd: Ly Fig. 3 Hardware components the Virtual Cable™ display (llustration)

INAAZFDAR HUD TODAY’s TOPIC

+ 3DT4RFLA.~3D Display
- HMD
* HMD&AAS/HMD & Camera
+ HMD&AR ~HMD & AR
— IRHE% ~Environmental Display
o AHFHY. With Eyeglasses
- RFER LHAS /Environmental Display & Camera

« AH##LWithout Eyeglasses
- EROBISESKEE AN Input Different Images to Two Eyes

— RYa—Ar) v o B Volumetric Reconstruction
— RAREEDHIEI &S 218 SR Ray Reconstruction
— #HEF AT 5 Using lllusion
« ZTDMDEFEE
— FIREEHIEH SCSCW .~ From Ray Control to CSCW
— FIREEIR A FHIE A SRR FIE A~ From Ray Control to Eye Control




LY X7LA A ~Using lens array

o LUFFHa5—LURE2RTIZHRER
gCubik (Yoshida et al.(NICT), SIGGRAPH2008)

Rays for reproducing P &
Rays produced Out of « A
by certain pixels viewing angle . /
A A
& P:Virtual light source
~ A
Lens array —mrsamitsaTm e <

LCD E\:\::IW [e] @
7 Pixels for P

Pixels for foaming an elemental image

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

gCubik (Yoshida et al)

/www.youtube.com/watch?v=H4ShPbG

BIRERSMERAN-2EBEEERE3D
T4ATLA (B3iL. 2004).”Rotational 3D

display using Retroreflector

ORIEZR ) —V (2, BRAEMN D RI-BUGEIZH

Images from different direction is projected on rotational screen.
O —UIFKEHMDHBEIFMERGHFEZEED (CORFMHENY

WEHEATRES D
Screen is retroreflective only for horizontal direction

RePro3D (T. Yoshida et al. 2010)

0¥z v e—TL

BRI ]
\

0TI IAT LI EEE
BREZZ+LUXTLAT

LRI R R
OEIFMERSMICLDZHA
DEH

Projector array and
retroreflector generate eye

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

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

LED array

Barrier rotation
—_——
LN

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast
Omni—directional rays
are constructed

ZIN

AVBSYTAT Bl




SeelLinder (Yendo et al., 2005)

HeadSPIN (A. Jones et al., SIGGRAPH2009)

n =

-Rendering for an Interactive 360° Light Field Display
-HeadSPIN (A. Jones, 2007, 2009)

E#525 %EI 'I'\D7774177»r)b1.\ El_ﬁr']( Y- 8
JKEFﬁﬁliﬁEE\%Ta S—OEEMNSLMMEMNA R Z AL

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

ﬁ? A m t/

TODAY’s TOPIC

+ 3DF4ARFLA.~3D Display
- HMD
* HMD&EAAS./HMD & Camera
+ HMD&AR ~HMD & AR
— IRHE%! ~Environmental Display
o AHFHY./With Eyeglasses
- B% L H A5 Environmental Display & Camera
o AAF4EL~Without Eyeglasses
- RO BIESMEE AN Input Different Images to Two Eyes
— RYa—ARY w7 EH#E R~ Volumetric Reconstruction
— RARBO L D218 ARG Ray Reconstruction
— $#£¥E%F AT % Using lllusion
« ZOMDFERE
— SAREEFHIHAHSCSCWA .~ From Ray Control to CSCW
— FAREE M FIEA SIRERH A~ ~From Ray Control to Eye Control

IDTARTLATHEDL
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.

AVBSOTAT Bl

i {gIZkBEEE ~lllusion by floating image

o Eh(I(fthDXZAEBEHFENTLSIES,
NIFBEFICTILRR EHIBTT S
When the image is floating in the air without
anchorage, we feel it as 3D

_ XL
o" ®

SSUTA TR

14



Fog Screen

http://www.fogscreen.com/

JO—542F7E>ay "
Floating Vision(t1#=7, 2008) %
3

—DODAL Y XICLVEERL ARG LR

el
R R

Graphic Virtual Graphic
(image)
il L DR 173D AL X
Lens f?-r‘?nbe?l.ﬂf)
- /‘?
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http://www.youtube.com/watch?v=Wzx9zid_FoA
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Depth data
Shadow projection
Depth

sensor

Projector  Realimaging

Physical
objects

1 user 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). 89

EnchanTable
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Hiroki Yamamoto, Hajime Kajita, Naoya Koizumi, and Takeshi Naemura: “"EnchanTable:
Displaying a Vertically Standing Mid-air Image on a Table Surface using Reflection",
ACM Interactive Tabletop Surfaces (ITS2015), pp. 379 -- 400 (2015.11).




ZIL ) vE$hR ~Pulfrich Effect

- MEDRENEBSIYUIIRENTTRS
Put eyeglasses with two different darkness for each eye

c BABZEMENZE->TRANDRBEFERIZEICFHHZELZELS.
Different brightness genertates temporal difference

c HEOEOBSICE>THRENEL, BITEAEREEIND
]Ic-lo?zontal motion of the movie causes disparity, generates 3D
eeling

SLiK$E1RIE R Pseudo 3D by 2 stacked images

* NTT:Spacelllusion

- DFDAX BRENRLEIA—D_HROEBREERTETT L.
BATEREERELON D (RERZEPhantom Sensation?)
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http://www.ntt-it.co.jp/goods/idp/dfd/principle.html
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EVWSHIFT

ZIOZJ8H@EOIA &

MERTEIETH:

BE)1RE% FHLV5.~Using Motion Parallax

i3D Head tracking for iPad

TODAY’s TOPIC

« 3DT1RFLA./3D Display
- HMD
* HMD&AAS/HMD & Camera
+ HMD&AR ~HMD & AR
— IRER ~Environmental Display
o AfF&HY.With Eyeglasses
- R LHAS /Environmental Display & Camera
o AA##L~Without Eyeglasses
- EROBISESKEE AN Input Different Images to Two Eyes
— RYa—Ar) v o B Volumetric Reconstruction
— FARBOFIEI LD %18 R BHERay Reconstruction
— #HEF AT 5 Using lllusion

. ZTDhDEERE
— JERBEHIEA SCSCWA .~ From Ray Control to CSCW
— FIREEIR A FHIE A SRR FIE A~ From Ray Control to Eye Control
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Illusion Hole (Kitamura et al., 2001)

mask

display suriace
(@)

user's eye point (b)
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user's user's
eye point & eye point

(a) Y e

draw area (o)
()

AVBSOTAT Bl

lllusion Hole (Kitamura et al., 2001)

Lumisight Table (Kakehi et al., 2003)

- ERIEZOEERMIL
SATAOEBROAEIC |
BLTRANTUHS C.
RIDESIZEPHTE ',f@
AZBHEIEDIF T4 || S
IWETLIVL,

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

et

WIAF <

Lumisight Table (Kakehi et al., 2003)

« AANDVBI R DG EERE
Different images for different user

- ERAREFNRALTCFOEE
ZAIE
Simultaneous motion analysis
is possible using transparency

v
|

Camera

TODAY’s TOPIC

« 3DT1RFL 43D Display
- HMD
* HMD&A AT /HMD & Camera
+ HMD&AR ~HMD & AR
— IRER ~Environmental Display
o AfF&HY.With Eyeglasses
- R EHAS /Environmental Display & Camera
o AfF#L~Without Eyeglasses
- EBOBIZESB{$% AN Input Different Images to Two Eyes
— RYa—ArY v o B~ Volumetric Reconstruction
— RARBEO & D S8 RS Ray Reconstruction
— $#HEFIAT 5.~ Using lllusion

. ZTOfDEFERE
— FIREEHIEA SCSCW .~ From Ray Control to CSCW
— FAREER A FIEA SRERHI A~ From Ray Control to Eye Control

« 2fBFEDIREEE)
— Smooth Persuit BB 1438 8

AREREE))
B oKY EF NS REBIY
2B DRKIEE).

— Saccade(BkiEMEARERIEE)
A7v7 EORKED. FHE.

AV BSIT A7 mTam
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A L—ZX/N—R—+DF| .~ Using Smooth persuit
D M= WS i pad e
BRBRFR R A S TS R LED, A — LT L 38 (R 3R E TH LT & i3 ORssiB R 2 F
FRLTLETOT. IFnEdF o cRRTEETs

B OEEE R % OBHIBTM2

FECNEII TS AR ETIN TSI £ A ECT. THEEL— AR BREEZ IO - )1
BELTHCLT. BRI TL SRS RS F RS UM EFRTAF TS0 T,

CO&H FEEAEEERL Do T (ERT LS REER RS ToA A S A TEE S
http://www.avix.co.jp/service/billboard/pole_vision/index02.html
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http://www.youtube.com/watch?v=KhpMzN Yetis

Saccade Based Display (watanabe et al)

o Yo —R:REERICKECBET S

© TOBRMICHEIRICEEALIET, —ADLEDFT
BEREIRTTED
- (RBTEBIBH: SEIB AT (T —Da6F Y —THATO—FH ATV R)

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

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

INF R Mini Test REIRIIAET

UT O£ TIZ100F LINFEE THEZ &~ Answer all questions within 50 words

1. HVDOEBMEHFRIHFHOL Y XOREITDNTHEAE &
Explain the role of convex lens in HMD.
2. AREERTHHMDDRRMAZZDDAHXELRA LS
What are two types of HMD for AR?
3. ARIZEITHERAEOMEITOVWTHAL &
Explain problem related to focal distance in AR system
4. ARIZHEITHERMBICONTHRAL &
Explain problem related to occlusion in AR system.
5. BRIV AERAVHRBM AR TILAS—ERETHHEICONTHRAL &
Explain how to realize full-color stereoscopic display by wavelength filter.
6. 3DRREIZHIFHFHROMBEIONTHAL &
Explain problem related to caption in 3D theatre.
7. LoFXAS—ITRYBREEERT HF RIS OVNTRAE &
Explain by figure how to achieve parallax by lenticular lens
8. NSTVRN)TFICRYREEERT B EITONTHAE &
Explain by figure how to achieve parallax by barrier.
9. TLITVVEMRITOVNTHRBAE &
Explain Pulfrich effect

Saccade Based Display (Watanabe et al.)

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