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Outline of the lecture

© NSO ODb -~

AEHRIF % Measuring Human

8% _Human Vision System
REt> % ~Visual Sensing

HE T+ RTL A~ Visual Display

e EE A2 271—X 7 Auditory Interface
e e 27— Tactile Interface
hE. hEAR271—X ~Haptic Interface
BERE A 2T71T—X ~Locomotion Interface




« 3D:EITEDIETR
Stereoscope display can present Depth
+ —HCOEXMRDIEEFHEDIET
Distance between image and myself is perceivable.

o DFEYIDTARTLAERRZRT [EANYTLE BEZBALERE
TEREES
The image is not only a thing to view and appreciate, but it
becomes a world in which “I" am included.
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« HMD&AAS . HMD & Camera
« HMDEAR HMD & AR

— IREERY “Environmental Display

« AH2dHY.~With Eyeglasses

- IRIFE LD AS “Environmental Display & Camera

o AH 7L~ Without Eyeglasses
- EADBISESEE ANS.Input Different Images to Two Eyes
— R 2—AR) Y7L B AL Volumetric Reconstruction
— RRBFOHEIZK S 2R R BRE.Ray Reconstruction
— $EEZFIFHT 5.~ Using lllusion

¢ ZTOHMDEERE
— JERBEHIEASCSCWA~From Ray Control to CSCW
— FIRER R HIEH A SR ERHIEH A~ From Ray Control to Eye Control



Two types of 3D displays

y
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
« FZEZR Ground-Fixed Display



Head Mounted Display (HMD)

https://www.youtube.com/watch?v=NtwZXGprxag ‘ 2
Ivan Sutherland, Sword of Damocles (1966) - First augmented reality head-mounted display \




he 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.




B[ & 56+
Master and Apprentice

« C. E. Shannon
Father of Information Theory

« 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”




TODAY’s TOPIC

« 3DT4RXTIL4.73D Display

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

— IREERY “Environmental Display

« AH2dHY.~With Eyeglasses

- IRIFE LD AS “Environmental Display & Camera

o AH 7L~ Without Eyeglasses
- EADBISESEE ANS.Input Different Images to Two Eyes
— R 2—AR) Y7L B AL Volumetric Reconstruction
— RRBFOHEIZK S 2R R BRE.Ray Reconstruction
— $EEZFIFHT 5.~ Using lllusion

« TDOHMDEERE
— JERBEHIEASCSCWA~From Ray Control to CSCW
— FIRER R HIEH A SR ERHIEH A~ From Ray Control to Eye Control



TELESAR 1 (1989)

RIS

i

TELESAR (Tachi et al., 1989) https://www.youtube.com/watch?v=3glmo2OftP

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




BEEREIER ? MIRETEL
Head Rotation”? No problem!!

Robot Camera HMD

Seems obvious??



ZOMDFE R (1) IRF R R Er A O RARE

Other concerns(1) Eye distance & view angle

- ERMEIEEREE (DASTEEERE) DA —E: mIRIIAERETSEB A E Aor
INNIZZES DD LSRR, GLARRBLL 0D FERER])
Difference of eye distances generate odd size feeling (miniature garden)

- HEADT—E Difference of viewing angle
— BITEAEHMLLES. Distance is changed
— FRRREIER:EBIDF, IEE@%PF#EE%X%OLEI <o DWNVTEKD, 1"£73'I'"J

[Ziifrd. When head rotates, objects “move”.

— REBZHTHITI=EE=NDEFIR W W

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




ZTOMDFE R (2) FRIENDMERE

Other concerns(2) Time Latency

Head Motion

EIREIDLrrees
mge transfer

- BEQBEASIMEETIZEREEN.
Latency between head motion and image display

. B&IE-T-&Z When the head rotates: A

— HMD: \ﬁ/
o EEAEDEERIZFHINTS

The image moves

— FZEE Ground fixed disply: w
- ERIZAVTIHN. LALIHREICELTIRIED, BiFEAm © O

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

ow1 |



(IEEEVR2016) Effect of HMD Latency on Human Stability during
Quiescent Standing on one Foot, Soma Kawamura, Ryugo Kijima
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HMD D BsRHEED, B TIbEITEFRVIIZEZA S EZT R~ ELDOEEETEHAL
R EENKZVIEREZLEENRON, BHRTERRZP UL (FRIBZHIETELGLY) A
DEHEND.

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 standing

on one leg) increased. \



HMDDOF| A &R 5~ Pros & Cons of HMD

S Head Mounted Display (wikipedia)
https://en.wikipedia.org/wiki/Head-mounted display

ﬁ@]ﬁﬁl?ﬁ“f"l,\sers canalk freely
BRORZREL-OECSEHFENELLD, FEEN. BEET hicxtLTtan

ARIZ~Users can hide their bodies, meaning they can “deceive” themselves.
Becomes robust to latency and coordinate distortion

R=EORYS(HAZ) EDEEA R LY.~ Easy to design distance robot camera.
HEITHNDTELY, FAZER. “Heavy and feeling of being caged

BAMREN A=A RIAZT 2= — 3 (2L A M. Face is hidden, meaning
two way communication is difficult.

HEAEZRELEDHME#LLY. Design of large field of view is quite diffiCuit.



E X RHMD® & 8& Oculus Rift(2013~)

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

« F{FBHIX (to make it cheaper)
- REEOMEBIZHIELIZZEDTARATLATIFEL, —DDTARTLAICHERBRGEHEE
- BfRL X TEAEMET DD TIEEL, TARATLAIHEE T SRR THEDEATRR
Single display is used for two-eyes images. Anti-distortion image is calculated in realtime.
. RTEIEDIk (to make it stable)
- BIRYEHCHIDIEEZTL, BEZNT EEEN DV TLLIMETEH

Head rotation is cancelled in realtime.

(B%E) KBfth, Reflex HMD : AT FE & 5144 AE% & X I=HMD D B % A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex
BARN—F )L TI)T1ERRMXES 6(2), 107-114, 2001



EEM R Z UV EZ R T S / Show your face!

FaceVR: Self-Reenactment for HMD Removal

Input Video

Synthetic Stereo Output

https://www.youtube.com/watch?v=jlluiM5avU8

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

(IEEEVR2017) Recognition and Mapping of Facial Expressions

tﬁ Avate(ljr By Elmbedded Photo Reflective Sensors in Head %%K(:E&E L,T: RG B-DjJ }E&H MD EF' D Jﬂf
ounte isplay, Katsuhiro Suzuki, Fumihiko Nakamura, Jiu Otsuka, — y
Katsutoshi Masai. Yuta ltoh, Yuta Sugiura, and Maki Sugimoto HEREIRDASDEREFHEAEHLETIARIT

https://Iclab.org/projects/affectivehmd

HMDEAD I AR) IO FZRN—X Rt Y
f[ﬁ@g—ellﬁmuﬁk NN—CI\IJ_ /7

YR TA4VITEEDHIF.
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Augmented Reality (AR) and See-Through HMD

HMD EEHEEODR

o - . ) _ Ivan Sutherland, Sword of
http://www-hiel.ist.osaka-u.ac.jp/cms/index.php/services

Damocles (1966)

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 overia® .



Video see-through HMD (Canon, MREAL)

www.diginfo.tv
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ARMDFEZE / Issues of AR

® £ i FR &

- HMD{&:#5&EREE / HMD image: always at the same distance.

- EHFROWIR IEEIZFESLES / Distance of real world object is arbitrary.
oRET A

« HMD{&: —#&IZ¥ELY / HMD field of view is narrow.

. EHROWIK:FEEIZILLY / Real world has wide field of view.
@ #k (Occlusion)

« (A) BEDOHMD. Ordinary HMD (B)¥E# 7% E %K E. Ideal occlusion

(C)See-Through HMD. (D)&% & %Y.~ Ground fixed display. LI



Image of Pixel

1]

C&D Electronics & B
Red Laser Del'\’/ Optie
Diode 1 ' A
A
yw L=
-~

¢ st "
s e W A

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

Washington university, HIT Lab('99)
L—HARICLSMBREZEESTIAA

Direct writing to retina by laser beam

— BREDODLUXIZLBEGEIHITE

Image focus by the eye lens is unnecessary

I —TIEDOMEEET1ATL1(2008-)
Retina Scan display by Brother Inc.

— MEMS+L U XIzkYUBERIEIZRE

£

Head-mounted display projects

EREHE A DX HEIEEZEEIAAEHMD / Retina scan display

directly onto the retina : Diginfo
https://www.youtube.com/watch?v=9I

OhFOcbw8E

HREEV - NEST &
EEA w52 i

1,

a
HRET2—IL KEHEEIa-I

o4 4 ESH—

BIEE/a—-IL

ITMedia news

https://www.itmedia.co.jp/news/articles/0910/21/n

ews021.html#l sk brother 02.jpg& ga=2.20857

7813.608477848.1589877978-

811114375.1574162731




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

. AUTOFOCALS
4| PRESBYOPE!

l Progressive Glasses

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

« ZIRARS. RIKDBEEFHENRSDEITSAASICELT, SREIIELTHEHHED
BITSZETA, TOmEREISEL-EMRABZEMIZITD.



(SIGGRAPH 2014) Pinlight Displays: Wide Field of

View Augmented Reality Eyeglasses

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

Andrew Maimone™
Douglas Lanman’
Kishore Rathinavel”
Kurtis Keller®

David Luebke’
Henry Fuchs™

“The University of North
Carolina at Chapel Hill

"NVIDIA Research

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

dy

RC

Pinlight Plane

Modulation Plane

ELSAMLR+ RS/ NNRILERDRIZEE. Lo XZHEALLELREER, SIE

WME[AZEIR
ELSAMDRBIZIZFTIRAGZFENATRSON TS,



Hololens (Microsoft)

https":/en.Wikipedia.orq/wiki/Microsoft HoloLens

RAT S 749 B FICLSEITTHERE
BE.BVARTSREGULVAFAZEI,
S — X JL—HMD D /ML EEIH,

LI 2ELWEERR (HAHLEI>TA)

https://www.slideshare.net/AmadeusSVX/hololens-85758620

(a) Transflective Mirrors

@ Geometric Waveguide with ’
Transflective Mirror Array

ggggggg Intermediate region

Planar waveguide (reflective surface)

% Diffractive Waveguide with '
Surface Relief Gratings

Planar waveguide (reflective surface)

@ Diffractive Waveguide with “
Volumetric Holographic Gratings

|4 I

; Eye

Understanding Waveguide: the Key Technology for Augmented
Reality Near-eye Display (Part Il)
https://arvrjourney.com/understanding-waveguide-the-kev.
technology-for-augmented-reality-near-eye-display-pa il
fe4bf3490fa o




(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

CET=-HRD

«—— Projactad image
Enwvironment light

+—— HMD image

PR e
IE".-"I E e

JRixyi 3 EOptical See-Through HMDZ#AEHES. TRV I av IR RafE
(XL TARZEDME HRYDE) 1ZIRR, OST-HMDIEI R A& (IR EFEL =A% (f50D
REI D1 E) 1ZR=. v



(%) MEElTH5~NYZ4k /Smart Headlight

44

Making Rain Disappear (90mm/h)

- A Imaging Wiy w
Beam splitter System “
latency \
Projector Reactive
control

- »

Camera

Operating range
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(Re) Two types of 3D displays

y -\
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
« FZEZR Ground-Fixed Display



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) R



Filter (1) Color Filter

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

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

— $8Cheap!$$ sasers
— Color is strange.

§
A2 ) =L
q' v S




Filter (1.5) Full-color “color filter”

aL" 4
Projector / https://en.wikipedia.org/wiki/Dolby_3D
q -~ Screen

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

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

* Dolby 3D employs this method

A wavelength

>

wavelength

>

wavelength



Filter (2) Polarization Filter

Projector /

Jao oA

A2 V=L
Screen

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

* 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) IR



AVATAR(2009)

¢ LWOMDAATRFFLBRESNT-
— XpanD: Time multiplexing
— RealD: Polarization filter (circular)
— Dolby3D:Full color “color filter”
— IMAX3D: Polarization filter (linear)

« IDDFHEMBBEZRF#SE - ARDMEIZFLL
Showed problem of “caption”. Equal to AR problem

Avatar (Wikipedia)
https://en.wikipedia.org/wiki/3iar

2009 _film
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HMDRADAASZEFER TARATLAIZfESE
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

D%

Head rotation change position and distance
= The world is twisted



Virtual Screen

 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.




ZTDMDFE R (2) BFBHEN DB RE(H)

Other concerns(2) Time Latency(rep)

mge transfer

- BEQBEASIMEETIZEREEN.
Latency between head motion and image display

. B&IE-T-&Z When the head rotates: A

— HMD: \ﬁ/
o ERAE DEERIZFFINTS

The image moves

— FZEE Ground fixed disply: w
- ERIZAVTIHN. LALIHREICELTIRIED, BiFEAm © O

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

ow1 |
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Control Rays

Normal

Lenticular

°)

°

Pixels Pixels

°
°

Parallax Barrier

® ¢

Pixels

‘Put different rays to different direction

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




Parallax Barrier

Seder, R: Hoppla
https://www.amazon.co.jp/dp/3414822555




Nintendo 3DS: LCD Parallax Barrier

NYT7RD%RE 2D 3DUIYEZ, S RELAIE,

2RAASHFHETET AL —RIL—BDAREAEE,
LCD layer for parallax barrier:2D/3D mode change

M > Mm

uuutxnlm }—Trrita.—[ [Eivanirassu]
|/}’V){\F\k‘1\ | [Fatrsum{

A A A & o™ " on| A A A A

C———iam [ e | ol | DttP://Www.sharp.co.jp/products/de \.
T vice/about/lcd/3d/index.html 3




TWISTER: Use Moving Parallax Barrier

LED array  LED array
for lefteye forright eye

Y

-

v"‘

i

'3 | I1TTHIE:

| e &ilm::. ;;n

——,i. vm v —TWISTER:

a 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/
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Volumetric Representation

Volumetric Display (Wikipedia) Voxon VX1 3D Volumetric Display - Demonstration
https://en.wikipedia.org/wiki/\VVolumetric 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

Technologies

Liguid-crystal

Computer ——3 ‘ \ ’ | screen driver
Three-chip

3-D frame Digital Light
buffer Processing Bounce mirror
projector

e https://www.youtube.com/watch?v=RAasdH10Irg

« LightScape Technologies, DepthCube Z1024

o RPN)=2DEENETDHIRBATYYRIT -2y E—20, DLPT R 1Y
A—THEMEEF, 20 LCD shutters are stacked as layered screen.

o 20D BITIRZIT vy 3—D LS. ERICAD) =D EIKD EF .
One shutter works at a time, equivalent to moving screen.




FS5XTF ;(7 L 1 (2006-).”Plasma dlsplay

http://www.aist.go.]

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

FNL——EZERPIZTA—HR BRETIXATIELTRERNLSED
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 ZERLEDN—TAUINEL—YTRATEMNT




Luciola (2018) 2% 5%tk

Luciola
A Light-Emitting Particle Moving in Mid-Air

4
L~
~

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

https://www.youtube.com/watch?time_continue=2&v=w3GnzpdsWUs <
Yuki Uno, Hao Qiu, Toru Sai, Shunta Iguchi, Yota Mizutani, Takayuki Hoshi, Yoshihiro Kawahara, Yasuaki Kakehi, Makoto TaRal.Ji',xa‘




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

C:gi_ windshield (fragment)

Ny \.fwtua'l Cab'le M ymage

- \H\
I \\\\_\\
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 bsam
{8} Scanner
{9} Bsam focussr

and profiler
(10} Lasar
{11} Circuit board

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

¢ IS—+ERBFICEBIRTEETOALMAS R TEBED SRS, —FEDvolumétric
®H, —BNDAR




Pioneer AR HUD (2011-)

http://www.youtube.com/watch?v=koEyBO RxZE
EEORERICTEFERFER TR RT HIAR HUD] #Diglnfo
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— R a—AR) v D7 B .~ Volumetric Reconstruction
— JLERBFDFHIEIZ &S 2R R R{E.Ray Reconstruction
— $EEZFIFHT 5.~ Using lllusion

« ZTOHDEERE
— FIREEHIEMNSCSCWA .~ From Ray Control to CSCW
— FEREER A HIEH A SR ERHITEH A~ From Ray Control to Eye Control



l//737|/'f7'5‘t/US|ng lens array

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

http://www?2.nict.go.jp/pub/whatsnew/press/h20/080609/080609.html
LoFXa15— L2 XE2RTTIZHiR
gCubik (Yoshida et al.(NICT), SIGGRAPH2008) <o




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

8K Immersive Display*

15.6” Development Kit
(credit: Simulia)

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

8.9” Development Kit
(eredit: Algae by Marpi)

LKG-2K-02950

HomPBySDK
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https://pc.watch.impress.co.ip/docs/2004/0224/hitachi.htm

BlRERFAM AN -2RE
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BRBI3DT AR LA (H3IL, 2004)

O[EF RV U2 FAEMN R-BRERERFE

Images from different direction is projected on rotational screen.
O X)) = FKFEAF MDA BIRIERFTIFEEFFD

Screen is retroreflective only for horizontal direction S



Rendering for an Interactive 360° Light Field Display
-HeadSPIN (A. Jones, 2007, 2009)
[
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http://vimeo.com581 2643
BERIS—RMEICTARAT ST T4IL L, BEARIZHREL. KFEA B EmR 5
SIZS—ODEEMNSLMNRENR XL

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




RePro3D (TYoshida et al. 2010)

BRMERRR

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

http://www.|st.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 IIRT LA EERERBEA+L AT LA TR
OHIFMRHFMIZLIZHRADEIR

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 moves VERY fast s

7,

0

7,1 N
AR ARNN
DA AARNN
R R N RN
RN R R RSN

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

. o i A |
SPHERICAL FULL-PARALLAX LIGHT-FIELD DISPLAY USING
BALL OF FLY-EYE MIRROR

H. Yano, T. Yendo, K. Matsumura, A. Temochi, M. Yamauchi, H. Matsunaga

> P

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

INE RSB E SRR, SR T AV AEhE SR RILRKTIRT
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BDTARTLAILHED
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.



Zeh (kB EEE lllusion by floating image

http://www.fogscreen.com/

» ZRICHID X AR BRENFNTNDGE,
INES: = r.LﬁFE’JJk#'JI*ﬁT%)

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




BANKEYZELTERE, FEEZELGERLY,




J20—T 4> E23Y [Floating Vision (ss44=7, 2008)
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Lens

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




(B]) BIREBINERF / 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 EXITLHIEMRAIT—OEEHRZHRYESHLERLLD,
o OA—F—Fa—TLRAKICBRRSF I S8EEET HE,
o BEHADLGWVWERRZR(EQR) EEFELEYNT YT TEERARE,

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



MARIO (2014)

Depth data

Shadow projection
A
Depts Projector Real imaging
sensor optics

/
Mid-air

GNP

i:i {\ Ve )
Physical Uispay
objects [

30cm

| pC |
User Linear actuator '

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&KYTARTUAMBEZERGRIZ, TARTLA DB TERERZE,
Combination of monitor mounted on linear actuator and MMAPs.

o fZZHEHMMAPSIZES T B8FZE (EnchanTable(2015), SkyAnchor(2017)%)
F v —https://www.youtube.com/user/NaemuralLab IR




7 I)L2')vEsE ~Pulfrich Effect

- MBEDEENEIYUISRAEMNTTRS
Put eyeglasses with two different darkness for each eye

+ HALGEOEVCI>TRADREFRIZEICHHEEZEZELS.
Different brightness genertates temporal difference

© HEDEOHSICE>THRENEL, RITENAKRESINS

Horizontal motion of the movie causes disparity, generates 3D feeling



7 I)L2')vEsE ~Pulfrich Effect

https://www.youtube.com/watch?v=IZdWIXjhMo4
The Pulfrich Effect- 3D and 2D Simultaneously (optical illusion)




T AEERIE %R “Pseudo 3D by 2 stacked images

SE(H17) ERmE(iER)

: l |
MEE /, 4 d
|. II
JJ— [
Tl = AL TR
EEEDFDARIL BEOES/ AL

/ﬁ‘ﬂ?ﬁ ’;iﬁ'_\\ /Tv_\\

{ERAR LoD SRV LCD/SRIL R v STk AR LoDy i R uwaSq b V=2 —B

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

NTT:Spacelllusion
DFDAR  B2SDELSRA— D KOEGEERTRTT S&, RITEBEBLON S



B ET.

(md

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

1LV %~ Using Motion Parallax

i3D — Head Tracking for iPad: Glasses-Free 3D Display IVRC2003 DIMENSION / B BFEMiTKZE, RRKF

s fRAEMNEICEHLETCEBREZELSEAEETERAHAEIZKLS
« IVRC2003 DIMENSION BOOKIZEFIRE+HR—FTILTARAT LA DA EHEEL
TIZFEDELD . N EINSDTA T4V T PRICERIGT AEHEAFHF->TLV -,

\\:‘%‘
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(SIGGRAPH2001, Etech) lllusionHole
Y. Kitamura. T. Nakashima, K. Tanaka, T. Johkoh

DY

A's view .

e
B'§ v1ew ‘C's v1ew

https://www.youtube.com/watch?v=Hnlh3u6hNsQ

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




Lum|S|ght Table (Kakehl et al., 2003- )

meor— 452

¥
N

jector i Projed

Camera

Users, SIGGRAPH 2004 E-Tech

8 https://www.yamahira.com/prod
B ucts/lumisty/

e
3 =
User B's view | User C's view
i User B User G

uwfr'

User A S view

User D's vnew

o
D

—

« BHREMIANININL BBEOAEIZISCTHRANZIOITTRASDAFIqILL,

Light control film works as diffuser from specific angle.

o« AADFIRDIIEZEEIEL Different images for different user
- BHAMEFIALTFOEIEHFEITE Simultaneous motion analysis is possible

Y. Kakehi, M. Iida, T. Naemura, Y. Shirai,
M. Matsushita, T. Ohguro: Lumisight
Table: Interactive View-Dependent
Display-Table Surrounded by Mutiple
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AR Bk & 5 D F1| FH.~ Using eye movement

A A
Object motio
Object motion
Eye movement Eye movement

time

movement
movement

time_

=y

e |

« (B) X221 DAREKE &)
— Smooth Persuit GEEITEEEEKES))
oY EENK/INSE R Z BT AMEE E DR EKES).
— Saccade(BkE T4 (EE) %) IR BKIEE))
ATYTIKDIREKES). AR FEE.



AL—X/N—R—+kDFIA .~ Using Smooth persuit

R—NEvariifielx
BEBRFR R e T & PR LED, A — )L s T 3 3R Gl 3R B TH 275 & - i (OiteEE A JF
FRLTLVETOT, IFErlEEFes T oz TEE .
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COES TR ENERL oA T R LR RS TR N ENR A TEE T

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

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

o TEYYRHR—ILEDaVE,
o BiRICESIL-ERIBTRIR FHLTLAERTABTNHMLIEL,

Very sparce LED message board. Cannot see the contents if you gaze at.
o REKZPKYEREISHAERIRESAAITEOTTERT 5,

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






Saccade Based Display (Watanabe et al)

http://www.junji.org/saccade/index.htmi 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 BEEIMICKEBET S5y —FOBERBICHRIRICEZT AL LT, —ARDLED
5| CHE{E%EIRRTE 5% / Present image at the instance of saccadic eye
movement, using linear LED array

 Hob—RERRTIEERRERND, REERHEEA S HES

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




INT AR/ Mini Test R[BIFIRE T

UTDOETIZ100F LIATEE THEZH &~ Answer all questions within 50 words

1. ARZZEHIHHMDD R KRG DD AKZLZAEESL
What are two types of HMD for AR?
2. ARIZBEITHEAFRETDOMEEIC DL TEHEAE &
Explain problem related to focal distance in AR system
3. ARIZHITHERKMBEIZOVTEHAE L
Explain problem related to occlusion in AR system.

4. BEI«NEZAWEERIIARTIINAT—ZEER]TE5AEICOVNTEHAE K
Explain how to realize full-color stereoscopic display by wavelength filter.

5. SDEREIZHIFTAFRDMEREIC DN THRAE &
Explain problem related to caption in 3D theatre.
6. ERORYECDOEBAASEHRER T RTILATRRLEZEEOMERICDOVWTHRBAE L,
Explain problem when using robotics two cameras for ground-fixed screen.
7. LoFFa5—ICkYBREZERT DA EITOVTEHBAE &
Explain how to achieve parallax by lenticular lens
8. NITZVANITFICKYREZERT AAEICDOVNTEHRAE &
Explain how to achieve parallax by barrier.
9. TILITVYEMRIZDOWTEHBAE &
Explain Pulfrich effect



