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Outline of the lecture

© N Ok oODd =

A EEHBIF %~ Measuring Human
f8&_Human Vision System
REt 2% ~Visual Sensing

HE T AT A~ Visual Display

e, R 271x—X ~Auditory Interface
e fiE A 4271 —X ~Tactile Interface
HE. HEASR2TT—X “Haptic Interface
BERE A2 4T —X ~Locomotion Interface




« 3D:EITEDIET
Stereoscope display can present Depth

. =HEERROEHDIRT
Distance between image and myself is perceivable.

¢+ DFEYIDTARTLAERERZRT [EMNYTLE BEZEALERE
TTHEES
The image is not only a thing to view and appreciate, but it
becomes a world in which “I” am included. N




TODAY’s TOPIC

« 3DT4RTIL 473D Display

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

— IRIER “Environmental Display

« AHRHY . With Eyeglasses

« IREFERILHAS ~Environmental Display & Camera

« AHRAEL.Without Eyeglasses
— EEDBIZESHEE ANS. Input Different Images to Two Eyes
— RYa—AR)v O BRERK.~ Volumetric Reconstruction
— RO FEIZ KD LR R M{E. Ray Reconstruction
— BBRZH AT 5.~ Using lllusion

« ZTDDEERE
— NEREEH|E A SCSCWA ~From Ray Control to CSCW
— RIREER A FHIEA SRR FHIfEH~ .~ From Ray Control to Eye Control



Two types of 3D displays

y 4\
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
« ZERE “Ground-Fixed Display



Head Mounted Display (HMD)

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

http://worrydream.com/refs/Sutherland%20-%20The%20Ultimate%20Display.pdf




B [FE & 35 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

« Grand-Apprentice

— Jim Clark: Founder of SGI and
Netscape

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




TODAY’s TOPIC

« 3DT4RTIL 473D Display

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

— IRIER “Environmental Display

« AHRHY . With Eyeglasses

« IREFERILHAS ~Environmental Display & Camera

« AHREEL.Without Eyeglasses
— EA®OBITESKEE ANS.Input Different Images to Two Eyes
— RYa—AR)v O BRERK.~ Volumetric Reconstruction
— RO FEIZ KD LR R M{E. Ray Reconstruction
— BBRZH AT 5.~ Using lllusion

« ZTDDEERE
— NEREEH|E A SCSCWA ~From Ray Control to CSCW
— RIREER A FHIEA SRR FHIfEH~ .~ From Ray Control to Eye Control



HMDEOEHRAASEIE ? ~Camera for HMD?
TELESAR | (1989)

8 1] e =
""
Al
" A

—

el

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.



Torso (Watanabe et al. 2007)

TORSO

Completion of
egocentric telegnosis system




SEER[EER 2 RREARL
Head Rotation”? No problem!!

Robot Camera HMD




ZTOMDFE R (1) IRFE EEEE R Er A DR RE

Other concerns(1) Eye distance & view angle

- BRMEIEEEE (D ASREEERE) DA —BU MRLIAREETSIEBE S HE Aor
INKIZIEST=DD LSRR, GLARBLL 2D FEER )
Difference of eye distances generate odd size feeling (miniature garden)
. - f;”:;.'-..-_- N .

] -
\ ... ’ \/ y W
Vlew Master (Wikipedia)

https://en.wikipedia.org/wiki/View-Master

- HREFA DI —EDifference of viewing angle
— BFENEMLLLES. Distance is changed
— ERAREIEREF DR, Eﬁ@%ﬁm\ﬁﬁ%‘&%@j( <DLV TEIKAY, 1*577‘['1

[Zik414. When head rotates, objects “move”.

— BREBEHHTHIF-LEDERH W W




(CHI2019) Egocentric Smaller-person Experience through a Change in Visual
Perspective Jun Nishida, Soichiro Matsuda, Mika Oki, Hikaru Takatori, Kosuke Sato,
Kenji Suzuki

H

https://www.youtube.com/watch?v=ZkZifqo6h3|

« JTIVRCHE&. FH DR R & KER



ZTDMDEE R (2) FFRELEN D RE
Other concerns(2) Time Latency
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mge transfer 0‘?'
\ 4
o BEDENEHOIRMIEE TIZERLEN.
Latency between head motion and image display
. HZEIR-OT-L£ZE When the head rotates: I
— HMD: W
o EEMEDEERIZFFINTLS
The image moves 4
— E £ Ground flxed dlsply W
l UTH”&EL%

The image does not move, but distort.



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

HVMDDBFEBIED, TR B TIULRITAFRVIICEZHEEZRNT-. ELDOEHE=TEHAL
FFEBIENRKEWNEERELGHIENRON, RPTERRZHPLE(FRILZHETETELY A
DEHMEM.

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. SN



HMD D F| &

AMZUsers

1TENERE 75\1'"L\Users canwalk freely
§ PTDARZREL-HO B ECEHFMENELGS, FEEN., BET nisxLTan

5 &R 5 Pros & Cons of HMD

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

can hide their bodies, meaning they can “deceive” themselves.

Becomes robust to latency and coordinate distortion

R=ROR YR (HAD) EDOEEMRLY.Easy to design distance robot camera.
XEITDHDTE

5\, FAZERX.“Heavy and feeling of being caged

EAMNEINSI=ONARIAZT 2= — a3 IZIEA M. ~Face is hidden, meaning

two way communication is difficult.

REFAERECEDHEETMEELLY.Design of large field of view is quite diffituit.



HMD®E & Oculus Rift(2013~)

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

« F{FBHIk (to make it cheaper)
— EROMERIZHIGELIZZEDTARATLATIFEGL, —DDTARTLAIHRMGEHE
- EELYXTEAEHET HDTIFEL, TARTLAIZHE T SR THEDEAETRT
Single display is used for two-eyes images. Anti-distortion image is calculated in realtime.
o FEIE®DIX (to make it stable)
— BIRYEEICHT AHEZITL, [BEZEMNT EEZENA DTS IHEZ A
Head rotation is cancelled in realtime.
© ZDSZATHEBHLAE BHBBERA AR

(%) KBfth, Reflex HMD : Bl R 54#& 8% 2 -HMD DB F A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex = %
BARN—F )L 7 TERHIEE 6(2), 107-114, 2001




(IEEEVR2021) Kiseung Bang, Youngjin Jo, Minseok Chae, Byoungho Lee:
Lenslet VR: Thin, Flat and Wide-FOV Virtual Reality Display Using Fresnel Lens and Lenslet Array

Display panel _
S
Polarization-based __,_.f“ 2 == Thin air gap

| optical path folding = (3.3 mm)

Lenslet array /
Collecting lens

Lenslet VR :Thin, Flat and Wide-FOV Virtual Reality Display g—

- - —-“‘—~—:—v«:;

Using Fresnel Lens and Lenslet Array | i |

8.8 mm

| Field of view (FOV): ).4
! 102°%102°

I E E E Seoul National University @ /é&wm @'EEE

2021 VIRTUAL Kiseung Bang, Youngjin Jo, Minseok Chae, and Byoungho Lee SOCIETY

\ https://www.youtube.com/watch?v=8tw8mSYuqgX8 )
o LUXHICLHERBRMOERERLZFA LT:#E%%&IEI&%W)*UH%'C*%L\HMD%‘!;E@'D :




EEM R AR\ EZ#ER 9 5 / Show your face!

FaceVR: Self-Reenactment for HMD Removal

[nput 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

}\SI) Avataér By Elmbedded Photo Reflective Sensors in Head 9* 'EB (:Eﬁﬁ L,T: RG B-Djj)(akH MD EI:' D J'-'|'
ounted Display, Katsuhiro Suzuki, Fumihiko Nakamura, Jiu Otsuka, _ y
Katsutoshi Ma%aiYYuta ltoh, Yuta Sugiura, and Maki Sugimoto E Fﬁ |Rﬁ}7®'léﬁz$&€%ﬂﬂébﬁfj7j' I‘U 7

https://Iclab.org/projects/affectivehmd

HMDRE A D IA )T I ZRN—REEREE
TFE@%E IIEI n:b\nﬂz NNTrL—Z= -/7

VATV IIEEED B,



HEMNRZGVEREZ#EIRT S / Ground is important

Head-Mounted Displays with Increased
Downward Field of View Improve
Presence and Sense of Self-Location

Vertical Viewing Ang"ie &
Humankii35 [deg]
HTC"VIVE 70 [deg]
igSystemEN0LEE0(gap) + 50 [d€g]
Klzashl Nakano Naoya Isoyama,
Diego Monteiro, Nobuchika Sakata, |
Kiyoshi Kiyokawa & Takuji Narumi

Cybernetics & ﬁ
Reality Engineering A\ Cyher Interface Lab.

Head-Mounted Display with Increased Downward Field of View Improves Presence and Sense of Self-Location
Kizashi Nakano, Naoya Isoyama, Diego Monteiro, Nobuchika Sakata, Kiyoshi Kiyokawa, and Takuji Narumi
https://www.youtube.com/watch?v=T1hjYtyncRQ

ERE XX ->HEREHFZIRTT 8827 ZHMDIZNE




TODAY’s TOPIC

« 3DT4RTIL 473D Display

— HMD

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

— IRIER “Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHRAEL.Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— ARYa—AN) OB~ Volumetric Reconstruction
— SR DOFIEHIZ KD LR A& “Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o ZTDMDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



Augmented Reality (AR) and See-Through HMD

HMD EEFHDER

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

Ivan Sutherland, Sword of
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 overiad -



Video see-through HMD (Canon, MREAL

www.diginfo.tv

MREALIZMREALT A R 7 LA il BRSEHM AT L
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PCOBRERTTITHET, 8
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>,
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@ MREME MREALSRE? )
FARIAICET
MREAL N
e —

[z
BEOFHEREORE LY
BREMOBBERE

D RRTAE
EFANASTRE
DURNESR
(e Eathl famEitg MR HEREDE 4

ZEREMREALT 1 2T TR EE—HOETZAH XS TR, TORBERERG) EPCAEYET.
NASHRA TR —N— P8 - ORER CRREMOFREB T —OREERaUTI—- i = RHRIL,
KRB ECGEARLET.
@ SRENEZBBEMREALT 1 AT LI CRRLET. T/ D OBRG RIS UEBDDEUE SRS M= e

s://www.canon-its.co.

!

/solutionsmr/




(IEEEVR2021) Leonardo Pavanatto, Chris North, Doug Bowman, Richard Stoakley, Carmen Badea:
Do we still need physical monitors? An evaluation of the usability of AR virtual monitors for productivity
work

&

* e
B
200
= 500
£
3 300 -
200
10a
i}

Physical  Hybrid Wirtual 1 2 3
Condition Order

Figure 3: Total time in seconds fo complete the expernmental task
on each conditicn (left) and order (right). Emor bar represenis the
confidence inerval ($5%5).

Figure 2: (a) Physical condition had three monitors side-by-side;
(b} Virtual condition had three monitors rendared through HoloLans,
{c} Hybrid condition combined a central physical monitor with two
peripharal virtual monitors.

https://youtu.be/Ag3LRcaxpo4?t=2824

https://leonardopavanatto.com/wp-content/uploads/2021/01/VR21_Do_we_still need physical_monitors__An_evaluation_of the usability of AR_virtual _monitors_for productivity work.pdf

« See-through HUD TEZ=AZRTRI SE—FTHETEZIOIN ?=>EHETES,
« Hololens{f£ A, N



ARDIRE

(UIST2023) RealityLens: A User Interface for Blending Customized Physical World View
into Virtual Reality

Chiu-Hsuan Wang, Bing-Yu Chen, Liwei Chan

RealityLens

A User Interface for Blending
Customized Physical World View
into Virtual Reality

Chiu-Hsuan Wang
Bing-Yu Chen
Liwei Chan

National Yang Ming Chiao Tung University

National Taiwan University .

https://www.youtube.com/watch?v=RGGkWFHLUxM&list=PL
ghXYFYmZ-VdaPIMTFVH5K5brMDJCIfAn&index=20

VRZEMDHE T, WEEHDBEL VXD ESTEDHRAL , BL2EINFETEESAR
Images of real space are embedded like lenses in a VR space.




ARMDEZE / Issues of AR

® £ i FR &

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

- EHROWIK: FERtIEIFELFESL / Distance of real world object is arbitrary.
o R EF

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

- EHFOWE:IEFEICIEL / Real world has wide field of view.
®;E#& (Occlusion)

« (A)BEDHMD. Ordinary HMD (B)EErI75ERRIKEE. Ideal occlusian

(C)See-Through HMD. (D)ix &%~ Ground fixed display. U



£ AR~ DX BEEEAHAEHMD / Retina scan display

Image of Pixel

C&D Electronlcs

Red Laser Delj v C
Dloe ‘j

.,’

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

« Washington university, HIT Lab(‘99)
o L—URRICLIPEERESAH
Direct writing to retina by laser beam
— BREDOLUXIZLBEEBNTE
Image focus by the eye lens is unnecessary
o ISV —IXDWPIREEETARATLA(2008-)
Retina Scan display by Brother Inc.
— MEMS+L 2 XIZEWYGERIRIZIRE

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

HEEV 2 —LESL
TEA w92 i

a
FEREa—L

[ [

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
PRESBYOPE:

@

" Progressive Glasses

https://www.youtube.com/watch?v=JYw6zIlmeS38

- ZIRARE. RXOBREFENRASDRITENATIZEST, FREIELTNHXREO
BRATEEEUA, ZDOEBEISELIE LV MAZEEBMIZITS.




(UIST2022) Look over there! Investigating Saliency Modulation for Visual Guidance with

Augmented Reality Glasses
Jonathan Sutton, Tobias Langlotz, Alexander Plopski, Stefanie Zollmann, Yuta Itoh,

Holger Regenbrecht

Look over there!
Investigating Saliency Modulation for
Visual Guidance with Augmented Reality Glasses

Jonathan Sutton, Tobias Langlotz, Alexander Plopski, Stefanie Zollmann, Yuta Itoh, Holger Regenbrecht

_4? OTAGO ACM UIST 2022

https://www.youtube.com/watch?v=92j6ncPG_D8&list=PLghXYFYmZ-
VdaPIMTFVH5K5brMDJCIfAn&index=37
AFEBBREANYEIDNTARATUAZFEALTEREOMADEEHEEHL. ARG
BMERBLENS A ——DBRKRESE

Modulates the prominence of real-world objects using an optically transparent head-
mounted display to guide the user's gaze while reducing visual crowding




(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

\ % B{ Cflf Eye Focus Plane
i \ | Jfl /x'

Pinlight Plane

Modulation Plane

EVSA MR+ BRRBNARIVEFRORICEE. Lo XEFEALGWLEESR, >4

WEFZEER
ELSAFDERIZIZFTIRMAEFE EZNATRSNATLNS,



Transflective Mirrors

RS

@ Geometric Waveguide with g
Transflective Mirror Array

Hololens (Microsoft)

Planar waveguide (reflective surface)

@ Diffractive Waveguide with
Surface Relief Gratings

()
. et Planar waveguide (eflective surf ace)
: nwwm:-mcwc;wm) vy v Vv
@ Diffractive Waveguide with '

Volumetric Holographic Gratings

https://en.wikipedia.org/wiki/Microsoft HoloLens

ROT 5749V EIFEFICKDBITTHREEE |
BE.BEVARTSRELGWVREFAZER,

FEL—RIL—HMDD/NEEE L,

l-dz‘o &J:L\ﬁ’q’:éﬂ' (E%) L,EFS'B:{Q‘C'*/\J) Understanding Waveguide: the Key Technology for Augmented

Reality Near-eye Display (Part I1)
https://arvrjourney.com/understanding-waveguide-the-kevs
technology-for-augmented-reality-near-eye-display-paifisiis
fe4bf3490fa o

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




JAavxzyiarEHMD(1)
BIFHERSMER-ESESEH A4S

Head Mounted Projector by Retroreflector

http://projects.tachilab.org/rpt/
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JEN Model 1: 1998




Optical Camouflage by RPT (Inami et al.)

real scenery

observer half mirror _
‘ retro-reflective cloak

video camera

/ computer
/

projector

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







a3 EHMD(2)
(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 Suaimoto

DS T-HMD

Cbsarvar = -
g g [w] -
H 1 Projector

+—— Progectad image
“ Ermvircmemient hight
— HMD imaga

P pearanceieprodiead
F EEEI.EIEI‘_-:'I EEF F’_ﬁgﬂ}:ﬂ ) E-Il'l_l:lll ST e 'h"'

JRixyi a3 EOptical See-Through HMDZ# A EHHES. TRV aVIEIRGAE
2L TAREDME RO E) 1%12R, OST-HMDIX R B E IR FEL=M4E (551D
RET R RGE) 1ZR=. '\



a3 EHMD(3)
(IEEEVR2021) Yuta Itoh, Takumi Kaminokado, Kaan Aksit: Beaming Displays

Optical layout

Steering Mirror Projection Optics

-
-
-
‘f

Pro;ectlon -
Lenses

Spatlal nght
Modulator

helps us to align a wearable headset with the projector
https://www.youtube.com/watch?v=TKI113b-LDs&t=13s

BEICIZROY—2 L XDIHEEHL, IS mh‘fﬂﬁm:"%émjn/1/7975\1959&127&&?;9“@%
BE20 (ARHMDMEN S =



(&%) MEEETH~NYRF A /Smart Headlight

44

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

Making Rain Disappear (90mm/h)

.-
|

Imaging

: - N System
’ latency

Beam splitter

Projector Reactive

control

\\a B

< » Standard headlight Smart headlight

Camera

Operating range



TODAY’s TOPIC

« 3DT4RTIL 473D Display

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

— IRIERY_“Environmental Display

« A RHY.~With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHRAEL.Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— R a—AN) OB Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o ZTDMDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ 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
» EXEE! ~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) >



Filter (1) Color Filter

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

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

— $$Cheap!$$
— Color is strange.

Jovxs A

-

ZY—
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Filter (1.5) Full-color “color filter”

e ‘L;‘
Projector / https://en.wikipedia.org/wiki/Dolby 3D
Q Screen

| | | |
* Very narrow band-pass filters \ iyt A
» The same “red” for right-eye and | LIl

left-eye red have slightly 1 oo
different wavelength. \ \ il A

* Dolby 3D employs this method |

wavelength

A wavelength

>

>



Filter (2) Polarization Filter

Projector /
ZEHZET S .
. (Ul

A )—L
Screen

L~

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

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



Filter (3) Time-multiplexing

I *";‘“IJ {i . i
* 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) 4>



AVATAR(2009)

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

Showed problem of “caption™. Equal to AR problem

Avatar (Wikipedia)
https://en.wikipedia.org/wiki/Ar3tar
(2009 film)
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« 3DT4RTIL 473D Display

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

— IRIERY_“Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHRAEL.Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— R a—AN) OB Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o TDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



HMDRADAASZERBER T ATLAIZfESE
If we use HMD camera for Ground fixed Display

HMDcam Ground fixed Display

Head rotation change position and distance
= The world is twisted



Virtual Screen

 Treat the Video stream in
CG world.

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

« "Texture map” the video
stream.

« Conversion of HMDcam to
IPT is possible.




ZTOMDEER

= (2) FREN OB E(FE)

Other concerns(2) Time Latency(rep)

mge

« BHDBEM
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Latency between head motion and image display

¢ BZIR-1-EZF When the head rotates: ]\

— HMD:

« EEAEDEERIZFFNTLS W

The image moves
— R &2 Ground fixed disply:

o BEMRIEEL

[COTHEELS.

The image does not move, but distort.

VTOAL. UL RRISEL TR, Beaaskm © ¢

awl |



TODAY’s TOPIC

« 3DT4RTIL 473D Display

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

— IRIER “Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHFREL.~Without Eyeglasses
- EADBIZESHEE A NS Input Different Images to Two Eyes
— R a—AN) OB Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o TDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



Control Rays

Normal Lenticular Parallax Barrier

Pixels Pixels

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

NYT7RDBE 2D 3DVIVEZ, RELAIE,

RAASHTETET AL —RIL—EB DAREATEE,
LCD layer for parallax barrier:2D/3D mode change

Y Wm

mﬂxixmu | | f—Temiea— | [ . IJI/I‘.I!I\I'.I
|/}"Lf‘)l\F\L‘i\ | | Fatormm{

SOV W . ¢ | 1y [ [ -
A A A A ore A/ \UP on| A A A A

| o o] [————rhetey [ hittp:/www.sharp.co.jp/products/de
- i vice/about/lcd/3d/index.html




TWISTER: Use Moving Parallax Barrier

LED array  LED array
for left eye forright eye

’

I's
\ /
T I ""M!"!H i
i : [ Ef b ',f:
’ ||
parallax barrier | = hd ge it il
= 1 EHITY i
—— g . —TWISTER:
, ?}qir " Telexistence
w i 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

« 3DT4RTIL 473D Display

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

— IRIERY_“Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHFREL.~Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— R 2—AN) D7 BH AL~ Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o TDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ 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=FVYoWsxqK8

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




Volumetric representation by layered LCDs

@ LightSpace

Technologies

Licjuid-crystal

Computer ——"‘ S 4 screen driver
Three-chip
@Dfame ——  Digital Light
buffer Processing Bounce mirror
projector

e https://www.youtube.com/watch?v=RAasdH10Irg
« LightScape Technologies, DepthCube Z1024

+ AV -V DEREET HBRAAFY R G S xyR—208, DLPZ O S
A—TEMEEF, 20 LCD shutters are stacked as layered screen.

o 20MDA. BITIHFEEITO vy Z—D LD, B&EICRI)— /75\@](0)&%’“%
One shutter works at a time, equivalent to moving screen.




(IEEEVR2021) Ray Asahina, Takashi Nomoto, Takatoshi Yoshida, Yoshihiro Watanabe
Realistic 3D Swept-Volume Display with Hidden-Surface Removal Using Physical Materials

‘ \‘\‘

Realistic:Volumetric 3D,-f[/)isplay
Using PhysicaliMategials

1/400 speediplayback

https://www.youtube.com/watch?v=Cm_PKSPoctk&t=2s

« BHOITIT7ILESEBE+SERITOADIIIAVICEIYMERER,
o  [EEADIEBIRO TR TIRTHIRERI, IS
s BERETIHFEFTTEMRATLEIINEZ. ARUEIZHHELUA)VTIZKYRERR,



TS5X<TT ;(7 LA (2006 )~ Plasma dlsplay

http://www.aist.go.jp/aist j/press release/pr2006/pr20060207/ r20060207.htm

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

RN ——FZR P TA—HR BRETIRXALTHELSES
Focused IR Laser beam generates plasma light spot




horetic-trap volumetric dis

https://www.youtube.com/watch?v=1aAx2uWCcENc
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 ERFEDN—T4IIILEL—YTRATENT




Luciola (2018) #8 & K%k * ZHHGE

Luciola
A Light-Emitting Particle Moving in Mid-Air

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 Taka i

\a‘




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

ool windshield (fragment)
G

s S ™ mage
Yy, Virwal Cabie” I

_xg\_\\.
= 1 M

{1} Covering filter
{2} Eye lens group
{3} Folding mirror
{4} Relay lens group
{5} Projection screen
t5a} Path of laser spot
{6} Projection screen
actuator

{7} Laser besam

{8} Scanner

{9} Beam focuser
and profiler
{10} Lager

{11} Circuit bosard

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

o EIS—HIREIFICKABIRTEEZTOAVCASATHEED SN IZHRIX T ., —FEDvolumetric
xIF, —FEDAR U™




Pioneer AR HUD (2011-)

———mm

http://www.youtube.com/watch?v=koEyBO RxZE
EEROREIZTERHREZERTERRT HIAR HUD] #Diglnfo




3D LED matrix display

https://www.youtube.com/watch?v=TRGdirni5Y8
3XRTHIICEEE SN T-LED T ARKIT




Drone Display

https://www.youtube.com/watch?v=ead2Efblvxk
REDFO—2%Z3DANIRELTHIAH, 202154 AR A T30008 KL E,




Kinetic Screen (PJ-Link, 2020)

PPl R o027/
https://www.youtube.com/watch?v=5FwejErDWcE

ZEDOLED/ARILHFTZIZEIK http://www.pi-link.com/en/news/show2-68 .htm!|




TODAY’s TOPIC

« 3DT4RTIL 473D Display

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

— IRIER “Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHFREL.~Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— R a—AN) OB Volumetric Reconstruction
— SR BOFEIZ XS LR R {E.“Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

o TDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



l//7371/475‘t/U3|ng lens array

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

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

LoFFxa5—L 2 RXE2RTITHRR
gCubik (Yoshida et al.(NICT), SIGGRAPH2008) LIS




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

8K Immersive Display#

15.8” Development Kit

(credit: Simulia)

*8x the size

and resolution
of the 8.9”"
Development Kit.

8.9” Development Kit

(credit: Algae by Marpi)

LKG-2K-02950

L FFa5— 4588 =



elf-sr1(Sony, 2020) https://www.sony.jp/spatial-reality-
display/products/ELF-SR1/

. &
. 1N

Press Escape€ to exit the ai

Lo FHa5—A+HEREICEDRBKEFEAICKY, — NRLEAEHHEARIR IR



ZHRARZRZTERE

| -

S #M TR

REFABIR
A=)

TG 207
https://pc.watch.impress.co.jp/docs/2004/0224/hitachi.htm

BiRTERFAMZRAN -2

+H

A

BRB3DT A AT LA (H3IL., 2004)

O[EE R V)=, AR RIE-BREERT

Images from different direction is projected on rotational screen.
O RV )= IFKEA MDA BIFERSFEZFED

Screen is retroreflective only for horizontal direction N



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

— fmirror
high-speed crasm i vertically polarized
prajector :]: S beamsplitter
/ / T

reflected camera § . 7
position

spinning display
surface

horizontal

remote )
polarizer

participant

audience

http://vimeo.com/581264 3

B2 5—FREITRAY 3749971V L, BEARICHIEL. KFE AR IFEFEE RS
—>IT—OIEAMNSLMRENRZ

Rotational mirror has holographic film, enabling vertical diffusion and hOFIZOﬂtc_
reflection X



RePro3D (TYoshida et al. 2010)

7OV 58 —T Lo

e IR D

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

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)

O TN I IAT LA ERERBE=F+L X T LA THEMIZHERK
OHIFMHERFMICLDSZRANDER
Projector array and retroreflector generate eye position dependent images.




Seelinder (Yendo et al., 2005)

LED arrays move relatively slow

According to the barrier
rotation, LED changes its
luminance.

LED array

Barrier rotation

&

Barrier moves VERY fast i

’ \
PEAEITTTTINNASN
'//’/I“”\‘\\‘\\\

PO N N R RN
AR R R RN NN

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

-

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

N

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

ING RSBk EE E SR B, SR T AV VA E SR RILRERT
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« 3DT4RTIL 473D Display

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

— IRIERY_“Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHFREL.~Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— R a—AN) OB Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— $ERAEFIFAT 5. Using lllusion

o TDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



3BDTARTLAILHED
Is 3D display really necessary?

« Maybe, but 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{%(Z kS8R~ lllusion by floating image

http://www.fogscreen.com/

o« ZER(ZUHD X ZAHE) BRENZENTNSHE,
ANEBEFICTIiLAR 1 EFIET S
When the image is floating in the air without
anchorage, we feel it as 3D




A\
00®‘\

BHNEYZERELTEHE, FEEEGHERLY,




J0—T 4> E23Y [Floating Vision (/s44=7, 2008)

— 20O XICLVESRL - RIGEME

d

Graphic Virtual Graphic
(image)

Lens

A 3DAL X
f(-rfri:rr:u.f;.«:{ﬂ.-af}

i L DR

\

ﬁﬁﬂl:%ﬁf;h fBR AR

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




() BIREBI=EFF / Micro Mirror Array Plates (MMAPS)

image formation

viewed from above viewed from the right
G T
[
ASKA3D plate
3 @
actual image
glass
mirrored surface
https://aska3d.com/en/technology.php https://www.youtube.com/watch?v=KgAvRtpPY-4

DS976 - ASKA3D

« EXTHIEMKRIS—OESHAZHYEDHLELD,
o OA—F—F1—TLEKRICBIRRIT T HEEFE BT 58],
o FADLTWNEDREG (EBR) EEHELEYNTYIT TEHATRE,

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




MARIO (2014)

Depth data R
Shadow projection
A
sDeenToI} Projector Real imaging
optics
op o e
R _
Physical Display
objects
[ 30cm
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).

e« MMAPSIZEYTARTLUAMBEZRRIZ, TARTLADEBENTIREEE,
Combination of monitor mounted on linear actuator and MMAPSs.

o hHIZZEHMMAPSIZES 9 AH12% (EnchanTable(2015), SkyAnchor(2017)%5)
F v —https://www.youtube.com/user/NaemuralLab 4o




J)IL2)vyEeshE ~Pulfrich Effect

. TEORENEIYUISAENTTRD
Put eyeglasses with two different darkness for each eye

¢ BHLZEDEWVCI > TRHRADHARIFHRIEEICHREEZELS.
Different brightness genertates temporal difference

© FEOEOHSICEIOTHENEL., BITENMERSIND

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



JI)L2V)yEeshE ~Pulfrich Effect

\..'f.
&

P Sy "

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




AREEIRIR S . “Pseudo 3D by 2 stacked images

S (a7) R (iE7)

RN y i
f/{ /
R =Rk R
M EEIDFD ARl BEOES/ AR

/}'ﬁﬁ?ﬁ i;ai'_\‘\\ /Tv_\'\\

E¥E LoDASRIL LCDATRIL ERE Sk B LoD FRE oM b =2 N8

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

NTT:Spacelllusion
DFDAR B3N ELIE—D_KOEGEERTRTT S BRTEBERLLNSG



B EIfREZ L5~ 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 / BB EF£ffi KE, RREKE

+ RRAMNEICELETERZEILSELHERITEREABICRELS
* IVRC2003 DIMENSION BOOKIL:EEHRE +R—F2TILTARTLADHAEHEEL
TIEHMEDID, NEDSDFA T4 T PRICELRIGT HiE AT OTLV -,
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— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
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« ZTDDEERE
— JLEREEHIEH A SCSCWA_~From Ray Control to CSCW
— JeREER S HITEH SR EEHIE ~ .~ From Ray Control to Eye Control



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

B! s v1ew = C's view

https://www.youtube.com/watch?v=Hnlh3u6hNs0

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



.....

¥
N

. mm o= s el em mm sl Em

Jector i FProje
Camera |

HSREM I ILL RBEBOAEICIGCTHANZIZPITTRADLFEIT(IL L,

Y. Kakehi, M. Iida, T. Naemura, Y. Shirai,
M. Matsushita, T. Ohguro: Lumisight
Table: Interactive View-Dependent
Display-Table Surrounded by Mutiple
Users, SIGGRAPH 2004 E-Tech

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

—— e
3 PEs
User B's view User C's view
i UserB User C '

}
Fo N ——

D

s

Light control film works as diffuser from specific angle.

A NDVRI R DIR{EZEIER  Different images for different user E
FERMZFALTEOHZEFRTE Simultaneous motion analysis is possible -~
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« 3DT14ARTLA.73D Display

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

— IRIER “Environmental Display

« AHRBY.With Eyeglasses

- IRIERILHAS ~Environmental Display & Camera

« AHRAEL.Without Eyeglasses
— EAEDHIZESHEE ANS.Input Different Images to Two Eyes
— ARYa—AN) OB~ Volumetric Reconstruction
— SERBEOF|HIZ KDL R R {E . Ray Reconstruction
— EBRZFFIAI 5.~ Using lllusion

« ZTDDEERE
— JLEREEHIEASCSCWA_~From Ray Control to CSCW
— SRR A FIE A SRR HIfE~ . From Ray Control to Eye Control



AR BKE &) D F|FH.~Using eye movement

Object motio
Eye movement

Eye movement

time

movement
movement

time

-_—

=

e (B)X(22FF5DERBkIEE)
— Smooth Persuit GEEITEIREKEE))
PoKY EEIKINSHE R F BT DREE T DERBKEE).

— Saccade(BkrEE (FEIE) BBBKIEE))
ATYTIRDIREKEE). FEE . HEE.




AL—RX/\—ZX—+rDF|FH.~Using Smooth persuit

= Fad e
A arHigirllx
SRR L T RS LED, H—)LETa s Tl 3 DB R THA R & B DRSEES (%
BT ETOT, TR CERERED SRR TEET,

g

iR R WEOEAETRS

L

EECNREIITIIE AT an TOadinthUE B4 80T, EREEA—AEI R E 50—

=PA S SAGE
e |

|
|
| e ! 1 I ‘ | l ‘ T ApacHIis T BRIDNTLAEAI R AR I E ST AR TL BT
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I EEEE - . . _BEe B
I“‘ I“. - L ] L
'-.' '.' . L ] L

—Zo0-

SO TEEEERL SO T (ERT D aEER SRS TR ENA LIS TEE T,

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

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

o FEYORHAR—ILEDIVE,
o BimlZEEIW-EXRIB TR ERLTOSERTHENHLMLIELY,

Very sparce LED message board. Cannot see the contents if you gaze at.
o RIRZWKYLEBENSELHEMIRE S AAITEOTERT %o

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






(VRST2019) H. Ikeda, T. Hayakawa, M. Ishikawa Bilateral Motion Display :
Multiple Visual Perception Using Afterimage Effects for Specific Motion

Ishikawa{Group fab)
The University,of, Tokyo

AN
Y
Bl Iate Ia | MOthn DiIE\ lSL% Using Afterimage Effects for Specific Motion

(1) Target image

(Z)g-de lines fro ly-shifted
mﬁﬂp
W< B B
https://www.youtube.com/watch?v=BhRZDjrL BKE oA ok /// D
https://dl.acm.org/doi/10.1145/3359996.336424 1 S S——
. —RLTEROBTNMES QEEI=E % 5408 5 (8 S ;j// i //’//j:
RETEKEMR LTRESN TERDHHERIZ, d //// Vg -
« BEARICE>TEROEBZREIEDRAL ZEMTTEE, S AV 2a1%- IS




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 MREINICKEKHET 52Uy r—FOBRMEICHRIRICESTALIET, —ARDLED
H| CE& %R < TE% / Present image at the instance of saccadic eye
movement, using linear LED array

o YuT—rEFRIOSARRNB=RANS REGEEETAEHAEHNES

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




INT R — BRI UAICIRH
Mini Test: Submit in one week

UTOETIZ1I00FLLIRNTEE THEEE K Answer all questions within 50 words

1. ARZZEHRITHHMDD KRG DDA XZETAEMESH
What are two types of HMD for AR?
2. ARIZHITHERFAEOMREIC DOV TERAE &
Explain problem related to focal distance in AR system
3. ARIZHITHERKMBBEICDOVTEHRAE &
Explain problem related to occlusion in AR system.

4. BEIAIWAERAV-HERILABFTINAT—EER]TLHEICOVTERAE &
Explain how to realize full-color stereoscopic display by wavelength filter.
5. SDRREIZHEITAFEDEBIC DL TERAE &£
Explain problem related to caption in 3D theatre.
6. EEORYCDOABAASERER TARTLATRRLIZIGEDRERIZOVWTEHRBEE K.
Explain problem when using robotics two cameras for ground-fixed screen.
7. LUFFXaT5—ICKYREFERTHAEICOVTERAE &
Explain how to achieve parallax by lenticular lens
8. NITZVANIFIZKYREZERTHAEITOVTEHRBAE &
Explain how to achieve parallax by barrier.
9. TILTVYEMMRIZDONTERBAE &
Explain Pulfrich effect



