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Outline of the lecture

A[EEHAIF % ~Measuring Human
#8%E.Human Vision System

BHWE 224 ~Visual Sensing
B[WET1 AT LA~ Visual Display

FEE ., [EE A2 4271—X .~ Auditory Interface
fihs il E >R —X ~Tactile Interface
HE. hEAL22TT—X ~Haptic Interface
BENRE /4T —X ~Locomotion Interface
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From 2D to 3D

« 3D:ETEDR=
Stereoscope display can present Depth
- —BEEHRRDEFHDIETR
Distance between image and myself is perceivable.

o DEYIDTARTLAIREERT (ENYTLUL BEZEALERE
FTERSE S
The image is not only a thing to view and appreciate, but it
becomes a world in which “I” am included.

TODAY's TOPIC

« 3DT4RTFLA.73D Display

— HMD
« HMD&AAZ . HMD & Camera
« HMDEAR HMD & AR

— IBiER ~Environmental Display

« AHRFPHY.With Eyeglasses

« IRIFE LHAS . Environmental Display & Camera

o AH 7L~ Without Eyeglasses
- EADBIESMEE ANS. Input Different Images to Two Eyes
— RYa—AR) OB~ Volumetric Reconstruction
— RBRBEOHEIC KD LR L. Ray Reconstruction
- $EEFFIFAI 5.~ Using lllusion

- ZTDhDEEE
— FEREEFIFEHSHCSCWA .~ From Ray Control to CSCW
— FIREER S FI A SR ERHIEI A~ From Ray Control to Eye Control




Two types of 3D displays

Head Mounted Display (wikipedia) CAVE automatic virtual environment (Wikipedia)
https://en.wikipedia.org/wiki/Head-mounted_display https://en.wikipedia.org/wiki/Cave_automatic_virtual_environment

« HMD.”Head Mounted Display
- $REE .~ Ground-Fixed Display

Head Mounted Display (HMD)

https://www.youtube.com/watch?v=NtwZXGprxag

Ivan Sutherland, Sword of Damocles (1966) - First augmented reality head-mounted display




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.

BRE & F
Master and Apprentice

« C. E. Shannon
Father of Information Theory

» Apprentice

— Ivan Sutherland
Father of Computer Graphics, and
Father of Virtual Reality
Invented most part of fundamental
CG technique, and the first HMD

w

« Grand-Apprentice ’ Netscape
— Jim Clark: Founder of SGI and o
Netscape

— Alan Kay: Proposed the notion of
personal computer “Dynabook”




TODAY's TOPIC

« 3DT4RFLA.3D Display

— HMD
e HMD&AAS . HMD & Camera
« HMD&AR HMD & AR

— IRiER ~Environmental Display

o AHRFPHY.With Eyeglasses

« IRIFE LHAS ~Environmental Display & Camera

o AH 7L~ Without Eyeglasses
- EAOBIESHEE A NS, Input Different Images to Two Eyes
— RYa—Ar) D1 B#E R~ Volumetric Reconstruction
— RBRBEOHEIC XS LR L. Ray Reconstruction
- $EEFFIFAT 5.~ Using lllusion

- ZDMDEERE
— FIREEH|EMSHCSCWA .~ From Ray Control to CSCW
— FEREER S FI A SR ERHIE A~ From Ray Control to Eye Control

HMDAE®DEHFRHASEIE ? ~Camera for HMD?

E: o

TELESAR | (1989) Ik
1 1 - — |

S
\l‘ ‘_

-

TELESAR (Tachi et al., 1989) https://www.youtube.com/watch?v=3glmo20ftPqg

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




BEER[E %R ? FREGL
Head Rotation”? No problem!!

Robot Camera HMD

A

T T

Seems obvious??

ZDMOFE R (1) IR EERE SR E A DERE

Other concerns(1) Eye distance & view angle

- ERMEIEERE (NASREEERE) DF —B MRIAEREITIEEAME Aor
INNIZTES DD ESERE. (LAREL LoD FEER])
Difference of eye distances generate odd size feeling (miniature garden)

WVAVAv-r

- REFFADA—E Difference of viewing angle
— BITENEMLLLES. Distance is changed
— EEEREEREF DR, EEmDMAENERREDE El {oDNTEIKA, 1"573'["]

Luu.hé When head rotates, objects “move”.

— REENHTHFEEDERE A S

View-Master (Wikipedia)
https://en.wikipedia.org/wiki/View-Master




ZTOMDFE R (2) FREENDREE
Oh concerns(2) Time Ltency ‘

® O

(e
ow1 |

« BEHDEIESH LIEEFE TICHREEN.
Latency between head motion and image display

N

« B%iR-of-&E When the head rotates: ¥ %
— HMD:
o BEEAEDEERIZFFINTLS

The image moves
— E%EZ Ground fixed disply: w
- ERIFVTIAL. LALIERICHLTIEEL, BFEsm © O

[COTHEELS. \

The image does not move, but distort. IR

awi ]

~

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

l HMD -. ’

] |

Headphones
-

—
/)

b I H | - =l +~
B Handrest )/ :

Force Plate | @

HMDDBELEIED, [ R B TL#EITEHIRVIEZ L ELZR 1. ELDEEETEAL
FREIEBEAKREVNIERZLEBENRON, &P TEERZHIE(FRILZHETEGL) A
DEAEN.

Investigated the effect of the time delay of HMD on the task of standing on one leg.
Measured by the amount of movement of the center of gravity. The greater the time
delay, the number of people who stopped the experiment (unable to continue standlng

on one leg) increased.

\




HMD®DOF| s &R 5. Pros & Cons of HMD

™ Head Mounted Display (wikipedia)
https://en.wikipedia.org/wiki/Head-mounted_display

- {TENEEEASLLY. Users can walk freely

- BOORKRZERES-HECERFAUENTLGS, FREN, BRI hizxLTan
AKIZ.7Users can hide their bodies, meaning they can “deceive” themselves.
Becomes robust to latency and coordinate distortion

- EEARYN(HAD) EQOHEMEAELY.Easy to design distance robot camera.
. HEFEITHDTEL, FIZERK Heavy and feeling of being caged

o EENEINSI-ONARIZIa=—3VIZI[EA M. Face is hidden, meaning
two way communication is difficult.

. BRBFAZKREEDHANELLY. Design of large field of view is quite diffiCuit.

H & RHMD® 5 82 Oculus Rift(2013~)

Oculus Rift (Wikipedia) https://en.wikipedia.org/wiki/Oculus_RIift

- Z{FBHIX (to make it cheaper)
— REOMIBIZHELEZEDTARATLATIEEL, —DDTARATLAIZHIRMEZ HE
- BlGELUXTEAEMET DD TIFEL, TARTLAIHET SR RATHEDEAERR
Single display is used for two-eyes images. Anti-distortion image is calculated in realtime.
- FEILDIX (to make it stable)
- BRYEZIHTHMEZTL, TBEEBNTEEERNDOWTLLIMEEREHE

Head rotation is cancelled in realtime.

(B8%) KBfth, Reflex HMD : Rl fE &k 5114 8E% i X =HMD DB % A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex
BARN—FvILYT)T1ERMIEE 6(2), 107-114, 2001




EEN R Z L\ EIREZfZiR 9 % / Show your face!

FaceVR: Self-Reenactment for HMD Removal

Input Video

Synthetic Stereo Output

https://www.youtube.com/watch?v=jllujiM5avU8

(SIGGRAPH2018) FaceVR: Real-Time Gaze-Aware Facial
Reenactment in Virtual Reality, Justus ThiesMichael
ZollhéferMarc StammingerChristian TheobaltMatthias Niel3ner

(IEEEVR2017) Recognition and Mapping of Facial Expressions

}\(/I) Avatear By Elmbedded Photo Reflective Sensors in Head %%B (:E&E L,T: RG B-Dj] )(atH MD EF' 1)) H'
ounted Display, Katsuhiro Suzuki, Fumihiko Nakamura, Jiu Otsuka, — y
Katsutoshi Magai?lYuta_ Itoh, Yuta Sugiura, and Maki Sugimoto E Fﬁ | RjJ }7@"?*&%%5.3"%*)'@'(77]’ |‘ U 7

https://Iclab.org/projects/affectivehmd

HMDE B D IARITL Y AN—A R
Tfﬁo)ilﬁntb\n& NNTkL—= /7

JRATAVDITEEDBIR.

TODAY's TOPIC

« 3DT4ATLA.3D Display

— HMD

» HMD&AAS . HMD & Camera
« HMD&EAR HMD & AR

— IRER ~Environmental Display

« AHRHY.With Eyeglasses

- BEERILHAS . Environmental Display & Camera

o AH %L~ Without Eyeglasses
- EEDBIZESMEE ANS./Input Different Images to Two Eyes
— R 2—AR) YOI EE R~ Volumetric Reconstruction
- RBRBEOHEIC KD B 1R R Ray Reconstruction
— $EE%FIFH9 5.~ Using lllusion

- TDMOEERE
— FEREEHEMNSHCSCWA . From Ray Control to CSCW
— FIRER S FEHH SR ERHIE A~ From Ray Control to Eye Control




Augmented Reality (AR) and See-Through HMD

K| -2y |

Ivan Sutherland, Sword of

I
I
|
I
I
|
I
I
|
https://cinoptics.com/product/visette45sxga-seethrough-hmd/ |
I
I
I
|
I
I
|
I
I Damocles (1966)

http://www-hiel.ist.osaka-u.ac.jp/cms/index.php/services

Overlap VR world and the real world
—Video See-Through (VST-HMD): Capture the real world by camera.
— Optical See-Through (OST-HMD): Use half-mirror-like element & optically overiap

Video see-through HMD (Canon, MREAL)

https://www.youtube.com/watch?v=a4hwCU-LUSM : et o Tl .

RARRECCEEMLET.
TUAIRFUET. 50/

https://www.canon-its.co. |p/solut|o.1,mr/




ARMDERE / Issues of AR

______

o £ R &

. HMD{%:%H%EZEEIE / HMD image: always at the same distance.

- EHHFR0OME: FERXFEDBES / Distance of real world object is arbitrary.
o REF A

« HMD{%: —f#%IZ3%Ly / HMD field of view is narrow.

. EHFEOWIE IEEIZILLY / Real world has wide field of view.

@ #% (Occlusion)
« (A) BEDHMD. Ordinary HMD (B) 187z ERIKEE. Ideal occlusion
(C)See-Through HMD. (D)&%&%!.~Ground fixed display. N

E SR A~DOXIE  HEEZAAEHMD / Retina scan display

Y -
¥ 4 Image of Pixel
: W oe

C&D Electronics

Red La Laser % Deljv
' Diode ‘__ :
| w fJ/ A
o P e
= o —‘ L -
(o) i 7=\ »

Head-mounted display projects
directly onto the retina : Diginfo
https://www.youtube.com/watch?v=9I
OhFOcbw8E

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

« Washington university, HIT Lab(‘99)
- LY RBICEHEEEEESAS =

Direct writing to retina by laser beam _ﬁmjﬂ ﬁif “n m
~ > e = I »
— BRERDL U XIZKBEEENTE § é jm: @

Image focus by the eye lens is unnecessary ITMedia news
https://www.itmedia.co.jp/news/articles/0910/21/n

« JSH-—ITEOMREEETARATLA(2008-) ews021.htmi#|_sk_brother_02 jpg8_ga=2.20857

7813.608477848.1589877978-

Retina Scan display by Brother Inc. 811114375.1574162731
— MEMS+L>RIZ&YBERBIEIHE h




(SIGGRAPH2018) Autofocals: Gaze-Contingent Eyeglasses for Presbyopes
Nitish Padmanaban, Robert Konrad, Gordon Wetzstein

AUTOFOCALS
PRESBYOPE

Progressive Glasses
https://www.youtube.com/watch?v=JYw6zImeS38

- ZIRARE. REOBREHENRESODRITENASICELOT, FREIELTNEHED
BITEZETA, T OEBEICEL-EVMABZBIMNIZITS.

(SIGGRAPH 2014) Pinlight Displays: Wide Field of
View Augmented Reality Eyeglasses \A\\B' "~
|\ ,"' /

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

\I‘|‘|/

(
3 / Pinlight Plane
\
y

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

David Luebke’ d
Henry Fuchs™

“The University of North
Carolina at Chapel Hill

'NVIDIA Research

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

ER—ILIZEB AR+ RE/ N ARILEROFIZEE . LU XZFERALLZELVEE R,
—SLEWEAZER
ELR—ILOFRKIZIZFTIRMAGFEEZNTRSNATILNS,




(a) Transflective Mirrors
T

Geometric Waveguide with @
Transflective Mirror Array —

Hololens (Microsoft)

@ Diffractive Waveguide with
Surface Relief Gratings

e ==
| R =

% Diffractive Waveguide with 4
Volumetric Holographic Gratings

https://en.wikipedia.org/wiki/Microsoft HoloLens
B —L/,\/\/

RATS 7 vV EREFICEBCABE L
BE.BUVARISRELGVERBFAEER,

2

HFL—RII—HMDD/NEULZ R, o=
ld—g&;t\ﬁggﬂ' (37_)6 Lﬁamé/\l) gggﬁrstanding Wa\(eguide: the Key Technology for Augmented
) ; ity Near-eye Display (Part Il)
https://www.slideshare.net/AmadeusSVX/hololens-85758620 https://arvrjourney.com/understanding-wavequide-the-kev,
technology-for-augmented-reality-near-eye-display-paliii=
fe4bf3490fa

(IEEEVR2018) HySAR: Hybrid Material Rendering by an Optical See-Through Head-
Mounted Display with Spatial Augmented Reality Projection
Takumi Hamasaki, Yuta Itoh, Yuichi Hiroi, Daisuke Iwai, Maki Sugimoto

+— Projacled image
. Ervironment light

+—— HMD image

Brajeciedlbyinr oies oy ey e gllenm ipnearancelaijnfarencalan| sl

70>z 3> EOptical See-Through HMDZ# A EHES. TAD I av IR RALE
(2L TAZEDBE RPN ) 1Z18TR, OST-HMDIEM 1R A& (TR FL =B {& (Fin

RERAGE) 1ZRT.




(%) MEE(TEH~NYESA /Smart Headlight

http://www.cs.cmu.edu/~ILIM/projects/IL/smartHeadlight/index2.html

Making Rain Disappear (90mm/h)

///-‘ #q

Imaging

System
latency

Beam splitter

Projector Reactive

control

-

\\\

1
Standard headlight Smart headlight

\

Camera

Operating range

TODAY's TOPIC

« 3DT14RXTLA.73D Display

— HMD
« HMD&EAAS . HMD & Camera
e HMDEAR HMD & AR
— IREER ~Environmental Display
o AHRFPHY.With Eyeglasses
« IREERILHAS ~Environmental Display & Camera
o AHAR%L.~Without Eyeglasses
- EA®DHIZESEE A NS Input Different Images to Two Eyes
— R a—AR) OB~ Volumetric Reconstruction
— NIRBEOHEIZLSZ R AR Ray Reconstruction
- $EEFFIFA9 5.~ Using lllusion

. ZTDDEERE
— FEREEHEMNSHCSCWA . From Ray Control to CSCW
— FIRER S FEHH SR ERHIE A~ From Ray Control to Eye Control




(Re) Two types of 3D displays

Head Mounted Display (wikipedia) CAVE automatic virtual environment (Wikipedia)
https://en.wikipedia.org/wiki/Head-mounted_display https://en.wikipedia.org/wiki/Cave_automatic _virtual_environment

« HMD.”Head Mounted Display
« RiEZR! ~Ground-Fixed Display

\d\

Ground Fixed Display

CAVE automatic virtual environment (Wikipedia) LCD shutter type IPT system: CABIN @ U-Tokyo
https://en.wikipedia.org/wiki/Cave automatic virtual _environment

» “Filter” is necessary to display separate image to each eyes.

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




Filter (1) Color Filter

Anaglyph 3D (Wikipedia)
https://en.wikipedia.org/wiki/Anaglyph 3D

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

— $$Cheap!$$ Javss
— Color is strange. [l

Filter (1.5) Full-color “color filter”

-~ : A 1)) ’:".
e " A UL o »
Projector https://en.wikipedia.org/wiki/Dolby_3D
D A

@I Screen
V

* Very narrow band-pass filters [\ /\ /\ e e
* The same “red” for right-eye and

left-eye red have slightly
different wavelength. l\ /\ /\Leﬂ e

* Dolby 3D employs this method

'
A wavelength

>

wavelength

) .

wavelength




Filter (2) Polarization Filter

Projector /

Jaovzo s

=

A
(I

A1) —
Screen

L~

e

* 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

I o AL
* 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) LR




AVATAR(2009)

RealD IMAX3D

o WO DAHXTREFFLERENT=
— XpanD: Time multiplexing
— RealD: Polarization filter (circular)
— Dolby3D:Full color “color filter”
— IMAX3D: Polarization filter (linear)

« DDFHEMEBEZRHBSE - ARDMEEIZFLL
Showed problem of “caption”: Equal to AR problem

Avatar (Wikipedia)
https://en.wikipedia.org/wiki/ A/ ;tar

(2009_film)

TODAY's TOPIC

« 3DT4ATLA.3D Display

— HMD
« HMD&EAAS . HMD & Camera
e HMDEAR HMD & AR
— IRIZE! ~Environmental Display
« AHRHY.With Eyeglasses
« IRIFELHAS ~Environmental Display & Camera
o AH %L~ Without Eyeglasses
- ERDBIZESHEE ANS.Input Different Images to Two Eyes
— R 2—AR) YOI EE R~ Volumetric Reconstruction
- RBRBEOHEIC KD B 1R R Ray Reconstruction
— $EE%FIFH9 5.~ Using lllusion

- TDMOEERE
— SHEREEFIE A SHCSCWA .~ From Ray Control to CSCW
— FIRER S FEHH SR ERHIE A~ From Ray Control to Eye Control




HMDADAASZHRBER TARATLAIZfESE
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

v
'
'y
o
L
! '
! 3
v
'
' '
] "
' '
' [
' [
"
"
M
H
'
'

Head rotation change position and distance
= The world is twisted

Virtual Screen

* Treat the Video stream in
CG world.

e Conversion of HMDcam to
IPT is possible.

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

« “Texture map” the video
stream.




ZOMOEES Q) BMBLOMEBE®E)
Othe .oncerns(2) T|m Ftecy(rep) ‘

ow1 |

« BEDEIEHM LIEEE TICHRELEN.
Latency between head motion and image display B
‘Z’(

« HEIR-T-EZE When the head rotates:
— HMD: W

« ERAE OEHEIH TG
i.
&

The image moves
— FREZ Ground fixed disply:
- EHRIZLTIAL. LALTERISELTIRED, BiFEAm ©
[COT HZTELS.

The image does not move, but distort

Qwi )

-l
~

TODAY's TOPIC

3DT1RX 7L A.73D Display
— HMD
« HMD&EAAS . HMD & Camera
- HMDEAR ~HMD & AR
— IRIZE! ~Environmental Display

« AHRHY.With Eyeglasses
IR R & H A5~ Environmental Display & Camera

o AH %L~ Without Eyeglasses
- EAOBIESHEE A NS, Input Different Images to Two Eyes

— R 2—AR) YOI EE R~ Volumetric Reconstruction
- RBRBEOHEIC KD B 1R R Ray Reconstruction
— $EZEF AT %~ Using lllusion
. ZTDDEERE
— FEREEHEMNSHCSCWA . From Ray Control to CSCW
— RIRBER S HI A SR EEHIEI~ .~ From Ray Control to Eye Control




Control Rays

Normal Lenticular Parallax Barrier
i

® © 5 e
]

© © i @
7

Pixels Pixels Pixels

‘Put different rays to different direction
‘No Eyeglasses!

‘No Head tracking!

‘Resolution is lowered

Parallax Barrier

o caniion bk Seder, R: Hoppla
I e https://www.amazon.co.jp/dp/3414822555

nnnnnnnnnnnnnn




Nintendo 3DS: LCD Parallax Barrier

NYTHADRKRSEEB 2D 3DYIYEZ, EELAE,
2RNASHETE TA L —RIL—E DARE A HE,
LCD layer for parallax barrier:2D/3D mode change

(A EAL )
= umxaxmm oo | (e | [ |_u uxmu o | i
[T ex el —J’-X—‘k- ]|
o HEIUF -
e -—n-n-m—[‘ R S S http://www.sharp.co.jp/products/de

* vice/about/lcd/3d/index.html

TWISTER: Use Moving Parallax Barrier

forleteye forrighteye 4 .
\ f l‘ '
T i it
parallax barrier : i Y — Hlﬂml M II‘:;J

- ~TWISTER:
'la 74 ’ Telexistence
’ Wideangle
Immersive
STEReoscope

http://www.youtube.com/user/tachilab#p/a/u/0/SX IKm1rT4l

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

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




TODAY's TOPIC

« 3DT4RXTLA.73D Display

— HMD
« HMD&EAAS . HMD & Camera
« HMDEAR HMD & AR
— IRIZE! ~Environmental Display
o AHRFPHY.With Eyeglasses
« EEERILHAS . Environmental Display & Camera
« AHREL.Without Eyeglasses
- EA®BIZESMEE A NS Input Different Images to Two Eyes
— RYa—Ar) OB~ Volumetric Reconstruction
— RBRBEOHEIC KD LR A Ray Reconstruction
- $EEFFIAI 5.~ Using lllusion

. TDMDEERE
— FEREEHIEMNSHCSCWA .~ From Ray Control to CSCW
— FIREER S FEHA SR ERHIE A~ From Ray Control to Eye Control

Volumetric Representation

Volumetric Display (Wikipedia) Voxon VX1 3D Volumetric Display - Demonstration
https://en.wikipedia.org/wiki/\Volumetric_display https://www.youtube.com/watch?v=FVYoWsxgK8g

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




Volumetric representation by layered LCDs

@LightSpace Depthc 1be

Technologies

2005 Pilot Prototyp

Bounce mirror

’.
7 / Ligjuicl-crystal

Computer -—‘s ‘ ? screen driver
— Three-chip
3-D frame Digital Light
buffer Processing Bounce mirror

projector

» https://www.youtube.com/watch?v=RAasdH10lIrg

» LightScape Technologies, DepthCube 21024

o RV)=UDEEETDRBAFvIZILT -y E—208, DLPTOT L)
A4—THE@ Q%ZO 20 LCD shutters are stacked as layered screen.

« 20DA. BITIKREIT vy 3—D LS. BREICRY -0 BIKD EFF
One shutter works at a time, equivalent to moving screen. .

7°77§‘77‘-‘»r7\7 L 4 (2006-).”Plasma display

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

http://www.burton-jp.com/en/
https://www.youtube.com/watch?v=0OnoEymLoSsE

TN —F—ZZMPICTH—HR BERET AL THELESES
Focused IR Laser beam generates plasma light spot




A photophoretic-trap volumetric display (2018)

https://www.youtube.com/watch?v=1aAx2uWcENc
D. E. Smalley, E. Nygaard, K. Squire, J. Van Wagoner, J. Rasmussen, S. Gneiting, K. Qaderi, J. Goodsell, W. Rogers, M. Lindsey, K.

Costner, A. Monk, M. Pearson, B. Haymore & J. Peatross (2018)
A photophoretic-trap volumetric display

o ERMEDN—TAUINEL—FTRATENT

%
&
*

Ha
H
B

i

Luciola (2018) #B& K

https://www.youtube.com/watch?time_continue=2&v=w3GnzpdsWUs
Luciola: A Millimeter-Scale Light-Emitting Particle Moving in Mid-Air Based On Acoustic Levitation and Wireless Powering
Yuki Uno, Hao Qiu, Toru Sai, Shunta Iguchi, Yota Mizutani, Takayuki Hoshi, Yoshihiro Kawahara, Yasuaki Kakehi, Makoto Takai¥iza




Virtual Cable (2007, Making Virtual Solid (MVS-California)

de— windshield (fragment)

.
= ™ e
\\\\"iv tual Cable” imag

Covering filter

Eye lens group
Folding mirrar
Relay lens group
Projection screen
{5a} Path of laser spot
{6} Projection screen
actuator

{11} Cireuit board

Fig. 3 Hardware components the Virtual Cable™ display (illustration)
https://phys.org/news/2011-10-head-up-prize-munich.html

« IS—HREFICKDIRITBETAVMSATEIAEDHMIRIET , —FEDvolunetric
KE, —FEDAR S

Pioneer AR HUD (2011-)

e

http://www.youtube.com/watch?v=koEyBO RxZE
ERORSICFEFEHREERTERTT SIAR HUD | #Diglnfo S




TODAY's TOPIC

« 3DT4RXTFLA.3D Display

— HMD
« HMD&EAAS . HMD & Camera
« HMDEAR HMD & AR
— IRIZE! ~Environmental Display
. AHRHBY.With Eyeglasses
- RIERIELHAS . ~Environmental Display & Camera
o AHAR%L.~Without Eyeglasses
- EEDBIZESKEE ANS.Input Different Images to Two Eyes
— R 2—AR) YOI EBE R~ Volumetric Reconstruction
— RBRBEOHEIC KD LR R Ray Reconstruction
— $#EZEF AT 5.~ Using lllusion

. TDMDEERE
— SHREEFIE A SHCSCWA .~ From Ray Control to CSCW
— FIREER S FEHA SR ERHIE A~ From Ray Control to Eye Control

IS

Lo X7 L 4A4A.~Using lens array

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

http://www2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html
LoFXa5—L U RXE2RTTIZHRR
gCUbik (Yoshida et al.(NICT), SIGGRAPH2008)




Looking Glass (2018) https://lookingglassfactory.com/

8K Immersive Display#*

(credit: Simulia)

*8x the size
and resolution
of the 8.9~
Development Kit.

8.9” Development Kit
(credit: Algae by Marpi)

HoloPlay SDK

T 2Dk

LoFXa5—AR458 i

ZHRRARBEZHIFERFMTEER

iatag bl

O 937
https://pc.watch.impress.co.jp/docs/2004/0224/hitachi.htm

BRMERFAMZRAN-2FEEEREERIDT1 AT LA (HIL, 2004)
O[EEE RV — I HEHEMNL R-BIGZ R

Images from different direction is projected on rotational screen.

OV )—U(IKTE AR DHBIRMERMNFEZRFD

Screen is retroreflective only for horizontal direction




Rendering for an Interactive 360° Light Field Display

-HeadSPIN (A. Jones, 2007, 2009)

_ —\mirror
high-speed e vertically polarized
R Fel et
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position
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surface | .‘

| /
remote
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LN
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X polarizer L \
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~

http://vimeo.com/5812643
BEEIS—RMEMIHRAT ST499 T4 L, BEEARICHLER. KFEAREIFEEE R 5T
—SSIT—OEEMNSLMRENR 2L

Rotational mirror has holographic film, enabling vertical diffusion and horizenta!
reflection

RePro3D (TYoshida et al. 2010)

ERERHEE

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

http://www.jst.go.jp/pr/announce/20101012/index.html
T. Yoshida, S. Kamuro, K. Minamizawa, H. Nii, S. Tachi: RePro3D: Full-parallax 3D Display using Retro-reflective
Projection Technology, ACM SIGGRAPH 2010, Emerging Technologies, Los Angeles, CA, USA (2010. 7)

OO I HAT LA EERERBE=ZSA+L AT LA TELUMIZHER
OH B RATMIZLBZHEANDEIR

Projector array and retroreflector generate eye position dependent images.




SeelLinder (Yendo et al., 2005)

LED arrays move relatively slow

According to the barrier
rotation, LED changes its
luminance.

LED array

Barrier rotation

Using the fast-rotating parallax barrier,
omni-directional rays are reconstructed.

https://www.youtube.com/watch?v=ys1yJMouGGQ

(Siggraph 2018) Spherical Full-Parallax Light-Field Display Using
Ball of Fly-Eye Mirror, H. Yano, T. Yendo

EMERGING TECHNOLOGIES

> P

https://shiropen.com/seamless/spherical-full-parallax-light-field-display-using-ball-of-fly-eye-mirror

IMNERGIER B EZSEREER, SR TOD VA ELE SRRALAKRERT




TODAY's TOPIC

« 3DT4RXTLA.73D Display

— HMD
« HMD&EAAS . HMD & Camera
« HMDEAR HMD & AR
— IREER ~Environmental Display
o AHRFPHY.With Eyeglasses
« EEERILHAS . Environmental Display & Camera
o AHAR%L.~Without Eyeglasses
- EA®BIZESMEE A NS Input Different Images to Two Eyes
— R 2—AR) YOI EBE R~ Volumetric Reconstruction
— RBRBEOHEIC KD LR A Ray Reconstruction
- $EEFFIFA9 5.~ Using lllusion

. TDMDEERE
— FEREEHIEMNSHCSCWA .~ From Ray Control to CSCW
— FIREER S FEHA SR ERHIE A~ From Ray Control to Eye Control

3ADTARTLAIIHED
Is 3D display really necessary?

« Maybe, bu not for all works

— To observe something, resolution is more important
than 3D. (You can observe with single eye!)

« However,

— To handwork in a virtual space, distance perception is
critically important.




e {22 kA8 ~lllusion by floating image

http://www.fogscreen.com/

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

@ e

BHKEAYVERCLTERE, FEELRERL,




o TR R

J0—T 4> E 3> [Floating Vision ($1#4=7, 2008)

s

i i R HHE3DMAL X

\ f-z'rcrr:u.a:.d?l.-—fl

—20Mb XICLUERL R EHE

-

=)

7 [ 71

Graphic Virtual Graphic
(image)

grﬂizﬁ{;ht&ﬂ

Lens

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

(B) BIREEI]FEERF / Micro Mirror Array Plates (MMAPS)

image formation

viewed from above viewed from the right

@ —

[
ASKA3D plate

actual image

glass

mirrored surface

https://aska3d.com/en/technology.php https://www.youtube.com/watch?v=KgAvRtpPY-4
DS976 - ASKA3D

c BEXIHEMRIS—OEEHZHYEDLELLD,
o O—F—Fa—TERRICBRRHNTIMEFEBT D8,
« EHADGVEHREK(RB) EHELEINT YT TRE AR,

2D corner cubes made by orthogonal plates, to achieve retroreflection and transparency.




MARIO (2014)

Depth data

Shadow projection
Depth ]
Projector Real imaging
sensor

\ optics

Physical Display |

| e a— e ro—— |
objects ]

30cm

PC
Linear actuator

User

https://www.youtube.com/watch?v=chK85xBu8AQ

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).

* MMAPSIZ&KYTARTLABUEEZRERIZ, TARTL A DBETHREBE,
Combination of monitor mounted on linear actuator and MMAPs.

o HIZZHMMAPsIZEE 9 5812 (EnchanTable(2015), SkyAnchor(2017)%)
F v —https://www.youtube.com/user/NaemuralLab

TILIV)wESHER ~Pulfrich Effect

- HEDBREMESYLIIREMNTTRS
Put eyeglasses with two different darkness for each eye
« BAZEDEVCE S TRADERFRIGEICHREZELS.
Different brightness genertates temporal difference
© HEOBEOEBESICE>TRENEL, BITENMEBEEND
Horizontal motion of the movie causes disparity, generates 3D feeling




TILV)wEZHER ~Pulfrich Effect

https://www.youtube.com/watch?v=1ZdWIXjhMo4
The Pulfrich Effect- 3D and 2D Simultaneously (optical illusion)

L AEEHIE %~ Pseudo 3D by 2 stacked images

i (4173) SR (i 77)

R 1 |

mEE A 7 4

! f

!

g =R T
*ﬁmﬂbmzmu BEEOESARIL
1
I |
| |
..... ! ﬁ l
1 |
| a
EEI‘
tim& LEDs i*Jb Lcoy i*le LB Al ﬁmﬁ LeD/ AL AR TudoMh S=2)—8

https://www.bcm.co.jp/site/2007/05/tamatebako/ntt-it/0705-ntt-it.html

NTT:Spacelllusion
DFDAR: 2SN ELIFE—D - ROEZEERTRTT SE, BITEBEBRLONSG




B HIHEZFHLV5.~Using Motion Parallax

http://www.youtube.com/watch?v=bBQQEcfkHoE https://www.youtube.com/watch?time_continue=666&v=J8YVKIXFmTs

i3D — Head Tracking for iPad: Glasses-Free 3D Display IVRC2003 DIMENSION / EEFFEMKE, RRKE

« ARMUEICEHLE TERELLSEHERITEREHEICRELSD

» IVRC2003 DIMENSION BOOKIF:EERE +R—2TILTARTLA DA EHLEEL

TIRHAEADELD MDA T4 T PRICERIET DIEEAERF>TLM =,

TODAY's TOPIC

« 3DT4RTFLA.73D Display

— HMD

» HMD&AAS . HMD & Camera
« HMD&AR HMD & AR

— IRER ~Environmental Display

« AHRHY.With Eyeglasses

« RIERIELHAS ~Environmental Display & Camera

o AH %L~ Without Eyeglasses
- ERDBIZESHEE ANS.Input Different Images to Two Eyes
— R 2—AR) YOI EE R~ Volumetric Reconstruction
- RBRBEOHEIC KD B 1R R Ray Reconstruction
— $EE%FIFH9 5.~ Using lllusion

« TDMDEERE
— FEREEHIEMNSHCSCWA .~ From Ray Control to CSCW
— FIRER S FEHH SR ERHIE A~ From Ray Control to Eye Control




(SIGGRAPH2001, Etech) lllusionHole
Y. Kitamura. T. Nakashima, K. Tanaka, T. Johkoh

>/

A's view .

- 2 "
B! s"’v1ew ‘C's Vlew

https://www.youtube.com/watch?v=Hnlh3u6hNsO

https://www.icd.riec.tohoku.ac.jp/project/displays-and-interface/lllusionHole/index1.htmi

ISI - Y. Kakehi, M. Tida, T. N Y. Shi
LumISIght Table (Kakeh| et aI 2003 ) M. I\E/jllafsdshltaITaOhgu?'imliJl:?nls@htlral
; i . Table: Interactive View-Dependent

Display-Table Surrounded by Mutiple
Users, SIGGRAPH 2004 E-Tech

| https://www.yamahira.com/prod
o ucts/lumisty/

B
User B's view User C's view

n Uger B User C

;,:P\ B=r
-

K
s T
7 User® v 4 B‘

User A's view ‘ ! User D's view

== —

™~

w_w-,t i i ]I'H:Ii!&

Camera
o BREMIILL - BROAEICSGCTRANFOFITRADIAFET L L,
Light control film works as diffuser from specific angle.
o AANDRI 2 DIREEEREL Different images for different user
o BAMEFRALTFOEEZAIE Simultaneous motion analysis is possible o




TODAY's TOPIC

« 3DT4RXFLA.3D Display

— HMD
« HMD&AAS . HMD & Camera
« HMD&AR HMD & AR

— IREER ~Environmental Display

. AHRHBY.With Eyeglasses

- RIERIELHAS . ~Environmental Display & Camera

o AH %L~ Without Eyeglasses
- EEDBIZESKEE ANS.Input Different Images to Two Eyes
— RYa—Ar) w7 B#E K.~ Volumetric Reconstruction
— RBRBEOHEIC KD LR A Ray Reconstruction
— $EZEF AT 5.~ Using lllusion

« TDMDEERE
— SHREEFIE A SHCSCWA .~ From Ray Control to CSCW
— FIREER S FEHA SR ERHIE A~ From Ray Control to Eye Control

IS

AR Bk IEEH D FI| A~ Using eye movement

A
Object motio
Object motion
Eye movement j Eye movement

time

movement
movement

time

« (HB)EIC2FE38 DR Bk EE)
— Smooth Persuit GEEN AR BKEE))
oY EFIKINSTE R F BT HREE EDAREKIEE).
— Saccade(BkEE T4 (F1Eh1%E) ERBKIEE))
AT TIRDBECES). FHEETEE.




AL—RX/N\—ZX—k®DF|FH.~Using Smooth persuit

g RN VarHifltkix
= BRBRFRAR I E S TERIELLILED, £ — LY L T 3R GED3RR TR & # DESHTES T £
FRLTLETOT, T B e Fl e s,

1 B AE T2

[

FECNRI TS AMBTIFETEN T DODONYE B A. TOT, EEEEA— ARl BEF2 50—
SEDUCL T B I TL 38R PR ERIUMEERTS R TL2DTT .

[R-EPar]

~Z&0—)
COES TIHSIENER, BT AR DE RN F RN SESL T AR ENA DI S TEE T,

http://www.avix.co.jp/service/billbo
ard/pole vision/index02.html

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

o TEVYRHR—ILEDIVE,
o WBIRIZESIVN-BRIB TR EHLTWSERTABIHALLALY,

Very sparce LED message board. Cannot see the contents if you gaze at.
« IREKZPOKYEBENSEHEMEZ S AACEO>TERT D,

You can see the image when you slowly move your eyes.




Saccade Based Display (Watanabe et al)

http://www.junji.org/saccade/index.html http://www.youtube.com/watch?v=d pjvSt3w18

H. Ando, J. Watanabe, T. Amemiya, T. Maeda: Full- Scale Saccade-Based Display: Public/Private Image Presentation Based on Gaze-
Contingent Visual Illusion, SIGGRAPH 2007 ETech

o BREIICKECEKET Y7 —FOBRREICHIRICEE AL TET, —4ADLED
H|CHE{& %R < T=% / Present image at the instance of saccadic eye
movement, using linear LED array

 Yus—rEERITOIARRHZRAVS RREGEFEHASHAETHLED

Use visual stimuli that induce saccade, or combine eye movement measurement.

INT AR/ Mini Test X[EIFIRET

LT DL TIZ100F LINTEE THEZ B &~ Answer all questions within 50 words

1.

2.

ARZZEIHRT HHMDD KRG DDA RELRAEFESH

What are two types of HMD for AR?

ARIZHEITHE RERETDRBREIC DL TERBAE &

Explain problem related to focal distance in AR system

ARIZE T HERMIREIC DL TERBAE &

Explain problem related to occlusion in AR system.

BRIV EZRAWERIIAETINAT—ZERT A EICOVNTEHRALE X
Explain how to realize full-color stereoscopic display by wavelength filter.
3DRREZHTAFREDOMBEIC DOV TEHRAE &

Explain problem related to caption in 3D theatre.

EROARY OB ASERBER TR TLATRRLIIGE ORESRITOVTHIIL &,
Explain problem when using robotics two cameras for ground-fixed screen.
LoFXas—ICRYBREZERT AAEICOVTEHAL &

Explain how to achieve parallax by lenticular lens
INGTZHRNYTIZEYBREEZERT DA EICOVTHRAE &

Explain how to achieve parallax by barrier.

FILTIYERIZOWTERBRAE &

Explain Pulfrich effect




