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Outline of the lecture
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AMET:HIFE %~ Measuring Human

#8285 Human Vision System
HBEt> 4 ~Visual Sensing

RE T4 AT A~ Visual Display

e, R4S 427—X 7 Auditory Interface
e e 4271 —X_Tactile Interface
hE . hEA 42T —X ~Haptic Interface
BEIRE A 27T —X ~Locomotion Interface




Mechanical - Mechanical

| A - =
Photocell Neon Tube
HXOBBEESR BRESEX

EBICER MDIRFTFIZEM

Photocell

1877 Proposed Mechanical Scanning
1884 Invented Circular Mechanical Scanner

1925 Mechanical TV system was achieved
1897 Cathode-ray tube (CRT) was invented

1911 Cathode-ray tube was used to display a
simple image.




Electrical - Electrical

i o

miRE (742

1927 All electrical system was
achieved.

1929 BBC starts experimental TV
broadcast.

1935 Germany starts first
periodical TV broadcast, and
was used for Berlin Olympics




Electrical - Electrical
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. 3D:ETEDRT
Stereoscope display can present Depth
. —HELRBROEEDIRT

Distance between image and myself is perceivable.

o DFEYIDTARTLAERERZRT MY TEL BEZEATZRE
TTHEES
The image Is not only a thing to view and appreciate, but it
becomes a world in which “I" myself am included.




TODAY’s TOPIC

« 3DTA4ATL 473D Display

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

— IREER “Environmental Display

« AHAdHY.~With Eyeglasses

- IREEEILHAS Environmental Display & Camera

« AH AL~ Without Eyeglasses
— ERE®OBIESEE AN S Input Different Images to Two Eyes
— R a—AR) v o7 B .~ Volumetric Reconstruction
— FCERBEDFIEIZ &S 2R R R{E.Ray Reconstruction
— #BEZEH A9 5.~ Using lllusion

¢ ZTDDEERE
— JLREEHIEIAVSCSCWA .~ From Ray Control to CSCW
— JCIREELR S IO SRR FIE~ ~From Ray Control to Eye Control



Two types of 3D displays

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

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

L
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Head Mounted Display (HMD)
« Sutherland "The Ultimate Dlsplay” (1965)
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The Ultimate Display (Sutherland1965)

We live in a physical world whose properties we have come to know
well through long familiarity. We sense an involvement with this
physical world which gives us the ability to predict its properties well.
For example, we can predict where objects will fall, how well known
shapes look from other angles, and how much force is required to
push objects against friction. We lack corresponding familiarity with
the forces on charged patrticles, forces in non-uniform fields, the
effects of nonprojective geometric transformations, and high-inertia,
low friction motion. A display connected to a digital computer gives
us a chance to gain familiarity with concepts not realizable in the
physical world. It is a looking glass into a mathematical wonderland.

The ultimate display would, of course, be a room within which the
computer can control the existence of matter. A chair displayed in
such a room would be good enough to sit in. Handcuffs displayed in
such a room would be confining, and a bullet displayed in such a
room would be fatal. With appropriate programming such a display
could literally be the Wonderland into which Alice walked.

A B35 T 17 KR



B[E & B F
Master and Apprentice

e C. E. Shannon

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

« Apprentice

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

« Grand-Apprentice

— Jim Clark: Founder of SGI and
Netscape

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

A B35 T 17 KR




HMDIZ HBR$%. HMD as a magnifying glass
» MRICELSIRE

Two separate images are displayed to each eye.

« BAEPLALERTAIWIE
Head position is tracked by,
Mechanical Link,
Gyro
Acceleration Sensor
I\/Iagnetic Sensor
etfc..

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




TODAY’s TOPIC

« 3DTA4ATL 473D Display

— HMD

« HMD&EAAS HMD & Camera
« HMD&EAR HMD & AR

— IREER “Environmental Display

« AHAdHY.~With Eyeglasses

- IREEEILHAS Environmental Display & Camera

« AH AL~ Without Eyeglasses
— ERE®OBIESEE AN S Input Different Images to Two Eyes
— R a—AR) v o7 B .~ Volumetric Reconstruction
— FCERBEDFIEIZ &S 2R R R{E.Ray Reconstruction
— #BEZEH A9 5.~ Using lllusion

¢ ZTDDEERE
— JLREEHIEIAVSCSCWA .~ From Ray Control to CSCW
— JCIREELR S IO SRR FIE~ ~From Ray Control to Eye Control



HMDRB O AHAS &L ? ~Camera for HMD?

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

A5 T 47 Kifihsm



TELESA_R(Tachi etal., 1989)

l /' ’
s = "~



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

TOrso (Watanabe et al. 2007)

position&posture

head sensor

Network

¥ Control | H,COI“rOI Camera
Display PC . pC
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http://tachilab.org/modules/projects/torso.html

TOrso (Watanabe et al. 2007)

TORSO

Completion of
egocentric telegnosis system

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



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

BEER A &R ? BREZEL
Head Rotation? No problem!!

Robot Camera HMD

Seems obvious??



ZTOMDFEE R (1) IRMEIERE SR EF A DHRE
Other concerns(1l) Eye distance & view angle
« ARFEIIERE (DASMREEERE) DA —E: MERIAREZTIEASHE Aor

INNIZTED =D D ESHEE. GLARRBIE DI FEER])
Difference of eye distances generate odd size feeling (miniature garden)

\ 1
.0 0
AT
@ “’

VAVA v

- REFA DT —EDifference of viewing angle
— BITEMNEMLLAS. Distance is changed
— BEEEEREF DR, ERDOYMENBTEB DRI oDV TEKD, FHR

(27414 . When head rotates, objects “move”.
— REBZHOHTHIT=EZTDEFIRK

A



ZTOMDFE R (2) FRLENDMHERE

Other concerns(Z) Time Latency

Imge transter . ®

« BEDBESHOWEETICERHEEMN.
Latency between head motion and image display

(o
swi |

« B#EIR-T-EZ When the head rotates: f\

— HMD: \&/
o ERAEDEERIZFFINTS

The image moves

— REH Ground fixed disply: w
o ERIEFFOTIAL. LHALIZARIZEL TR, BiFesm © O

The image does not move, but distort.

owl |



Effect of HMD Latency on Human Stability during Quiescent Standing on one Foot
Soma Kawamura, Ryugo Kijima, IEEEVR2016
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Figure 2: The FOV of DK2 and FOV Limiter (L: The Picture of Qutput Figure 6: Example of Center of Pressure Trajectory
to DK2, R: The Image of FOV Limited-Glass(Taken with Wide-angle
Lens))
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HMDDF| & &R 5.~ Pros & Cons of HMD

o 1TENEEH LY.~ Users can walk freely

« BoORKRZEREL-OECEFAMENELLS, FE
En., EET hZxLTA/NAKMMZ ~Users can
hide their bodies, meaning they can “deceive”
themselves. Becomes robust to latency and
coordinate distortion

« EfEARYN(HAZ)EDOBEMNRLYEasy to
design distance robot camera.

- HEETHDTEL, FER Heavy and feeling of
being caged

« BENEINA-OMNARIAZ2 = —2a I ERMF
/Face is hidden, meaning two way
communication is difficult.

o RBFAZREEHHRFTMELLY.“Design of large
field of view Is quite difficult.




E X RHMD® & 58 Oculus Rift(2013~)



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

Oculus RIft(2013~)

— HEEDQIERIZHIELIEZEDTARATLAITIFEL, —DDOT4RATLAIZHH,
£ B R FtaiE

— WHEDOIEEELUXRIZE>TREDEAZHIET HIDTITHL, TARTLAIZ
HET AR THEOEAZTDITTERR

« BFEADI=HNDIEK
— BHIRYEFIINTSEEZITL, [BEZEINT EEENDINTLS IMEXEE

K Efth, Reflex HMD : Bl R S AEZ s 2 I=HMD D B 5¢
A Development of - Reflex HMD - Head Mounted Display with Vestibular Reflex
BARN—FvIILITIT4ZRHXES 6(2), 107-114, 2001



TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IRER Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



Augmented Reality (AR) and See-Through HMD

« Overlap CG image and the real world

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

— AT FT4hIL—XJL—Optical See-Through:use half-
mirror & optically overlap

B30T 4 TR MR



See-Through HMD (video see-through)




ARMEIRE (1) &£ RN
Problem of AR (1) Focal dlstance

OHMD1E : FEE I E A RFEOTLV
HMD image is always at the same distance.
OSEHFDYK IEREXFELFL
Distance of real world object is arbitrary
MAZREFICOYTICRAZENTELL
User can’t clearly observe the two simultaneou
ET4Y—XIL—TIEBBIZELENA ERRE
NILBETEHRLILESTLS

Video see-through partially solved the problem,

sly.
EDENAAS

but the real

world image is different due to large depth camera.



ARMDEIRE (2) HE Rk
P

STECAVE

LX)

(A) EE DOHMD. Ordinary HMD

(B) BRI ERRIKEE. Ideal occlusion
(C)See-Through HMD.

(D)% E & ~Ground fixed display.




MR EZAAEIHMD Retina scan display

« Washington university, HIT Lab(‘99)

o L—HHRICKOMIEEZESEIAH Scan retina by laser beam

s Sy S | f Pixel

— REKDL U XIZLDEEENTE o
Image focus by the eye lens is unnecessar

» Problem of focal distance is solved.

Red Lase

Dloe

".‘.
; i

- - '\0

- ® +

v

$

1 4 ;“ N

L ,

Scanner Intensity ' I
1/60

Time

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



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

IO —IXDBEEETARATLA
Retina Scan display by Brother Inc.

NP it == . MR LI
N%h%lﬁfgﬁcanﬂng Device U I__/__T__'ﬂ/:/x E ﬁ?éhf: "ﬁ‘{g
(@ﬁnortiihiﬁ—) \
FAES, b e S

http://www.3dc.qgr.jp/jp/act rep/090612/Sato.pdf



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

IS —IXEDWMEEERETAATLA

lha scan display. by Egptr.ler Inc.

www.diginfo.tv

http://www.youtube.com/watch?v=0IlAZpmaYic8



BlRERFHMERAWN-BEIREH IO IS
Head Mounted Projector by Retroreflector

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

BIRTE ST #
What Is retro-reflector? _
e Glass bhalls with index of refraxtion=2

* Or, Cube type (Corner Cube)
« Any incident beams will come back to the same direction.

A5 T 47 Kifihsm




RPT: Retro-reflective Projection Technology

RNV N

specular reflection diffused reflectlon retro-reflection

*Use retroreflector and projector
Problem of focal distance is solved.
Problem of occlusion iIs solved.

*Stereoscopic image can be presented



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.jp/projects/MEDIA/xv/oc-|.html



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




Robot surface becomes screen.
(Aichi World Expo 2005)

A5 T 47 Kifihsm






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

Pinlight Displays: Wide Field of View Augmented Reality ! ; FRARCE
Eyeglasses using Defocused Point Sources
Andrew Maimone™  d | /

Douglas Lanman' " T

Kishore Rathinavel”
Kurtis Keller®

David Luebke"
Henry Fuchs™

Pinlight Plane

“The University of North d,
Carolina at Chapel Hill

‘— Modulation Plane

'NVIDIA Research

\ ! Pupil Plane

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

EfR—ILIZEKBARER+HTTRY T, LOXZEFRALBEVLWAEER. COE=HLX
DEEDISHEADBIENELLENSLELVREFZER




Hololens(Microsoft)

NIR sensor Microdisplays

Goggles
Substrate

Freeform
prism

Exit pupil

— IR RFE—RIL— Hololens (Microsoft)
(BREBRETAITE)

RO STy IR FIZLBEITTLUOXADRE
Y2, — X JL—HMD D /ML EEIR.
MG RIITEESE (HALEINRTA)

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

//f

H1
\ Microdisplay
&

i 'y ﬁ Y Mirror
| Optically ' :
y Tihed
' Vietual : i 15
" Ul 2 ' L Ew
; O =S H2

holographic optics

)
multi-layered
electronically switchable \ \ \ \ \
. ics

ssssss

i
\ i
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blue & gréen waveguide / \ 71\



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

(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 lwai, Maki Sugimoto

Appearancelreprodiced
By ewr gysiam

QST-HMD

- JAP x5 3> ,0ptical See-Through S
HMDZ#A#EHhE5. TadzoiaviEl .0
BWEMEICHL TR EDME (HEHDE) !
1%187R, OST-HMDIEI R A& ITIREFEL
B (BEE RSN EE) 17w

Projector

«—— Projectad image
= Environment light
«—— HMD image



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

AUTOFOCALS
PRESBYOPE:

I Progressive Glasses

- ZIRARE. IRIKOBEEE LN ESDRITESHAS
[2&>T, SREFIELTVEORRDETEZEE, £
D IEREITEL-E MABZEIRIIZITD.



TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHARHY.~With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



Two types of 3D displays

« HMD.”Head Mounted Display
« EREZE “Ground-Fixed Display

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




Ground Fixed Display

SMHEICAVE

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

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

A5 T 47 Kifihsm



LCD shutter type IPT system: CABIN @ U-Tokyo




Filter (1) Color Filter

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

— $$Cheap!$$
— Color is strange. Snszns

?' Ao )—L




Filter (1.5) Full-color “color filter”

* Very narrow band-pass filter
— Field of view becomes narrow

* Right-eye red, and Left-eye red
IS slightly shifted, but we can not

kn OW| A wavelength
* Most beautiful 3D display for |
current technology. :iﬁgh’t‘E ’y‘i‘Fmer
~ “Dolby 3D” employs this method i
>

A wavelength

Projector / H
” Left Eye Filter
EET741L3

:
W T e

—




Filter (2) Polarization Filter

Projector /

Jao oA

A9 Y=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)




AVATAR(2009)
¢ LMD DAATRIFLRESNT-

— XpanD: Time multiplexing

— RealD: Polarization filter (circular)

— Dolby3D:Full color “color filter”

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

« 3ADDIFH IBBEZRHSE - ARDEBIZFLL
Showed problem of “caption”: Equal to AR problem

XpanD RealD Dolby3D IMAX3D
4 N B | 2=\



http://itsa.blog.so-net.ne.jp/2010-01-15

TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFHEILHAS Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



HMDADHASZEHER TARATLAIZESE
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

\
1
%
L]
|
]

L]

!

 Treat the Video stream In
CG world.

 Conversion of HMDcam to
IPT is possible.

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

« “Texture map” the video
stream.

A B35 T 17 KR



TDMOEE R (2) RRIENDEEFE)

Other concerns(2) Time Latency(rep)

Imge transfer

« BEDBESHOWEETICERHEEMN.
Latency between head motion and image display

« B#EIR-T-EZ When the head rotates: f\

— HMD: \&/
o ERAEDEERIZFFINTS

The image moves

— REH Ground fixed disply: w
o ERIEFFOTIAL. LHALIZARIZEL TR, BiFesm © O

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

v

swi |

owl |



TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— EADBIZESEE ANS . Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



Control Rays

Pixels

‘Put different rays to different direction

Normal

enticular

°
°

Pixels

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

°
°

Parallax Barrier

“M=M=D-1-

Pixels




Y:Aono (2010)



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

EXE3DS

(AL E)
:I i ,""‘, :.-'-. i I% & Jr ;-’-L ;ﬂ‘-. |L
e« « CFOXINTN - o o | | TF8— | [ . . « CZE TSI . .
.--"I,-'_T.-"‘L-’__‘-.rl‘-.ilh .
.& .f A L Toe quiuy.aﬁ - % .f A A
N |55 -

« NYTHD®E&ERE 2D 3DYIYEZ
LCD layer for parallax barrier:2D/3D mode change

http://www.sharp.co.jp/products/device/about/lcd/3d/index.html



http://www.sharp.co.jp/products/device/about/lcd/3d/index.html

TWISTER: Use Moving Parallax Barrier

LED array  LED array
for left eye forright eye

N\

parallax barrier

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

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



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

TWISTER-IV

14
I
]

L

-

o

‘E SN Eiigt'llzi‘ 1 r;:u

B2y

TWASTER:
Telexistence
Wideangle
Immersive
STEReoscope

A B35 T 17 KR


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

TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YO BRER .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



Volumetric Representation

 Rotate or vibrate the screen or mirror

« “Cross-section” image is projected
according to the motion.

Rastenzation System and
Graphics Memory

Actuality Systems, Inc. 58

A B35 T 17 KR
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Volumetric representation by layered LCDs

« LightScape Technologies
DepthCube 21024

¢ ZHY—VDBREES BRBRAT VY
BN -y 32—20M, DLPZO
VIOQ_—G%E?§$2O
20 LCD shutters are stacked as
layered screen.

« 20DA., BICIKEF vy —n
@&éo SIRICAD)—=h KD E

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

A5 T 47 Kifihsm



TS5XITA4ART LA Prasma display

o FHL——E—LZZEMFPITTA—HAL. EX
TR IELTHEILIHES Focused IR Laser
beam generates prasma light spot

. TSXTHLE

TR INILAL—H—

X-Y~-Z AF¥+xF—

r20060207.html


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

horetic-trap volumetric displa

R EDN—T4VIWEL—FTRATENT

IR TIE, NN—T1O LI T RENEON TN =ORELNMER TEXR
WZEHSUA—MLDINSTTEHE LN E R TELLY

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


https://www.nature.com/articles/nature25176

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



https://dl.acm.org/citation.cfm?id=3161182
https://www.youtube.com/watch?time_continue=2&v=w3GnzpdsWUs

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

i windshield (fragment)

(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 beam

(8) Scanner

(9) Beam focuser
and profiler
(10) Laser

(11) Circuit board

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



INAAZ=ZT7DAR HUD

http://www.youtube.com/watch?v=koEyBO RxZE&feature=player embedded



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

TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— SR EBFOFHIZ LS LR AR “Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



Lo X745~ Using lens array

e LUFFaT5—L 2 R%E2RITIZHLR
gCublik (Yoshida et al.(NICT), SIGGRAPH2008)

Rays for reproducing

Rays produced Out of

by certain pixels viewing angle
A A A

\ @ P: Virtual light source

Lens array c::?::x.—:j::x:::—_:::cf;‘:_v -

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

Pixels for foaming an elemental image

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



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

gCubik (voshida et al)



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

Bt RNMZAV -2 FE B RIEEI3D
TAATL A (HiL. 2004).” Rotational 3D
display using Retroreflector

O[RIEL RV ) —VIZ FHAENIL R -BRRZTRE

Images from different direction is projected on rotational screen.
OR V)=V KEA R DHHIEHE R FEZTEFED (COFIEHIE
LEREMTES D)

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

7R7x 7271

OO I IRAT LA IEE
BRE=F+LVATLAT
HELA | ZHE AR

OHIFIE RFAMICLDLRA
DES$L]

Projector array and
retroreflector generate eye

http://www.ist.go.ip/pr/announce/20101012/index.htm! ~ POsition dependent images.



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

RePro3D (T. Yoshida et al. 2010)

s

<

N
y

4

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



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

LED array

.. Barrier rotation

According to the barrier rotation,
LED changes is luminance.

Barrier moves VERY fast

Omni—directional rays
are constructed

L
P, N

BOASITITIANON
AN EEELARRNN
VRN FEERRA AN

)y AR

A5 T 47 Kifihsm



SeelLinder (Yendo et al., 2005)



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

-Rendering for an Interactive 360° Light Field Display

-Head SPIN (A. Jones, 2007, 2009)

A §nI T —
IKEAMIEFEARFN >IT—DIEENSLMNREN R Z 0

reflected camera . 7
position

spinning display
surface

remote
participant

_ —\mirror
high-speed el o vertically polarized
i% peor :]‘ - = e
-~

/beamsplltter

i‘%ﬁkrkl:l’] 5749974 L, E

|
| |
L |y 4
‘ “J/ LN
audience
Lﬁﬁtmﬁ~

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



Head SPIN (A Jones et al., SIGGRAPH2009)

R J;'\

http://vimeo.com/5812643



http://vimeo.com/5812643

TODAY’s TOPIC

e 3DTA4ATLA.73D Display

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

— IREER “Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— R ZF I 5. Using lllusion

« TDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



BDTARTLAITHED
Is 3D display really necessary?

« Maybe, bu not for all works
— Yet too expensive, and contents are limited.

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

« However,

— To handwork in a virtual space, “distance” perception
between myself and the CG object is critically
Important.

A B35 T 17 KR



Zeh{%(Z &k AEERE ~lllusion by floating image

+ ZRICHIDOZZANROBRENFNTNSGE,
MNIBFICTIL A1 EHIETT S

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

B59T 17 BT R



Fog Screen

http://www.fogscreen.com/




JO0—T42JE Ay
Floating Vision(ss4#4=7, 2008)

—DDALY XICLYRBBULERBERE

Graphic Virtual Graphic
(image)
#un EDER{R $5 %2 3DHL X

Lens \ /(?470&‘17(7!14)

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

2 :gAm;am


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

JO—T 429 ESaY s44=7,2008)

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

¢« EBBEODTOTARATLAZLTICEINT LT,
ADTART LAZBA-BEITEREIAIEE
==L, LR 2RITTARTLADI=ORTTELHDIETEETDIREEER

Depth data
Shadow projection

A
S[;enzghr Projector Real imaging
optics

® [N /
F::Fi L

Physical
objects 1

User Linear actuator

Hanyuool Kim, Issei Takahashi, Hiroki Yamamoto, Satoshi Maekawa, and Takeshi Naemura: “MARIO: Mid-
air Augmented Reality Interaction with Objects,” Elsevier Entertainment Computing, vol. 5, issue 4, pp. 233
— 241 (2014.12). 9



EnchanTable

Projector (P) -

Mid-air image (1)

Half mirron

(HM) I

e T—JILLEIZEREERT

- T—JILEORFEFH. 2R T—JILE
_ BAEOTF—JILICERTES

Hiroki Yamamoto, Hajime Kajita, Naoya Koizumi, and Takeshi Naemura: ~"EnchanTable:
Displaying a Vertically Standing Mid-air Image on a Table Surface using Reflection", 92
ACM Interactive Tabletop Surfaces (ITS2015), pp. 379 -- 400 (2015.11).



http://dx.doi.org/10.1145/2817721.2823476
http://www.its2015.org/program/demos/

JIL7Y)vENE ~Pulfrich Effect

- MEORENESYLISRENTTRS
Put eyeglasses with two different darkness for each eye

. BHBZIMENICE>TINADEEEREZICHHEEELD,
Different brightness genertates temporal difference

- BEOEOHE(CLoTHEENEL, BITENEKEEIND
Horizontal motion of the movie causes disparity, generates 3D
feeling




EVWIDIFT

IO JOFHEOIA ¢
MBHTENMNMETHI:

[ZO=OFE QA NE I AR TENMNE THI=]
http://blog.mobilehackerz.ip/2010/02/blog-post 17.html



http://blog.mobilehackerz.jp/2010/02/blog-post_17.html
http://blog.mobilehackerz.jp/2010/02/blog-post_17.html

WREEIRIR S~ Pseudo 3D by 2 stacked images

 NTT:Spacelllusion

— DFDAX BASSDELLR—D _MOEGRZERTERRT HE.
HTERERLLN S (FREREPhantom Sensation?)

&man7n) R (#7)

| |
5 s
RIT =Rt Rt
BREEIDFD/ARIL BEEOBR AR
@ ..... >
e
4 4 _ R
il & \V\
@ %48 LCD/{&RJL LCD/ SR di:Hﬁ 13954+ ﬁi’tt& Lco, uwb AR uOS4t 32 —B

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



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

BBt E% FHLV5.~Using Motion Parallax

"
s RN EICEHLETEZREZZ{IEIESE, MAEIL
ARRAZL TV THRITERZABEISREL S



http://www.youtube.com/watch?feature=player_embedded&v=bBQQEcfkHoE
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http://www.youtube.com/watch?v=k07VmPeY2-U&feature=youtube_gdata_player

TODAY’s TOPIC

« 3DT1RTLA.73D Display

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

— IRER Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« ZTDDEERE
— JLEREEHIEIAVSCSCWA .~ From Ray Control to CSCW
— R EELR S HIE A SRR FIEI~ .~ From Ray Control to Eye Control



lllusion Hole (Kitamura et al., 2001)

mask

display surface

(a)
user's eye point (b)
user's A user's
eye point ¢ eye point
[G} .\:;:.“'1‘-;‘_-\ w by . ,,-j,'.'«'-"."::-v {C)

A5 T 47 Kifihsm



lllusion Hole (Kitamura et al., 2001)



Lumisight Table (Kakehi et al., 2003)

s EFRILZDEERMIL
SATA RO AR|C
WECTHRANTYHS
AIDEDTIFZRITTHR
ZBDIINIEBHIF T4
IWET AL L,

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




Lumisight Table (Kakehi et al., 2003)

o ANDVEI R DGR ERES
Different images for different user

- BRAEZFALTFOEIE
z A7

Simultaneous motion analysis
IS possible using transparency

S a ; > e
[rr— -.l e |
|
| -
f
|
| v
' User A's view ‘ User D's view
|
l]( tor i Pre J(-(\_! ’?’;«?\1 - &

I Camera I




TODAY’s TOPIC

« 3DT1RTLA.73D Display

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

— IRER Environmental Display

« AHR&HBY.With Eyeglasses

- IRIFAILH AT Environmental Display & Camera

« AHREL.~Without Eyeglasses
— ERE®OBIESEE A NS Input Different Images to Two Eyes
— R a—AR) YOI B .~ Volumetric Reconstruction
— FRBEOFEIZ KD Z R A& Ray Reconstruction
— FREZFIAT 5.~ Using lllusion

« ZTDDEERE
— JLEREEHIE A SCSCWA .~ From Ray Control to CSCW
— JLEREEER MO SR ERFI 1~ From Ray Control to Eye Control



AREKZE END FI .~ Using eve movement
- 2FESEMERIKES) RN

— Smooth Persuit GEE 418 B

PREREE))
HoKYLBICNSG AEBIT ey 8
BREE I DIREES. s

— Saccade(BkIE IR Bk IEE))
ATv7 LDIRIKES). FHEE.

A BT T A7 T +Fam



AL—X/\—X—FDF| B~ Using Smooth persuit
R—WEVarHiielx

BRRAREIRIGE L TERDEFUL LED, A —)LEV 3 TII3R GEO3RETH LI & HoOEmiEE I %
FRLTOLETOT. TFrEFEsF N IRIRTIXT,

iR R DB HR TR B OB/ RRZ

OO0 GS 400 S0 °0 S0
LA A A L L N L N s S0
2000000 S80000000
00000 B0 0 » LA L A L L R L L K J
S0 0000 800 0 » LA L R L L L 0 X
LA AL L X a

P00 088 209000 o>

00080 40000 400 »

ILICONZII T 3E AR RN TLDOIMOMUEE A. EE T EBESLN— AR IRFRZE A0
DS TE ST s i TSR IR ERZUMMRER TS TS T,

- RDD_)IJ

C DI TERIENER DT, (AT 28w iein SESL TR E A& TEE T,
http://www.avix.co.jp/service/billboard/pole vision/index02.html
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http://www.avix.co.jp/service/billboard/pole_vision/index02.html

TEVYORX(#K)R—ILES 3y

i

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



Saccade Based Display (watanabe et al)

o Hwh—K BEBENICKEEKET S

o ZTOBEMICHIEIZEZTALET, —ARDLEDFIT
E{RZIE R~ TES
— (AERTEBREM BB ATAT7—Pa5F Y —IH9RTO—FH (AT RX)

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

r

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



Saccade Based Display (watanabe et al.)

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



INT A/ Mini Test R[EIFIEE T

UTOETIZI00F LURIEE THEE L~ Answer all questions within 50 words

1.

HMDDERHEAZRICE T AL ADFEENZ DL TERAE &

Explain the role of convex lens in HMD.

ARZRI T HHMDDRKRHGE = DDA XELRAEFESH

What are two types of HMD for AR?

ARIZHEITAHE RFAFTDORBRBIZ DOV TEHAE K

Explain problem related to focal distance in AR system

ARIZE T ER BRI DL TEREAE &

Explain problem related to occlusion in AR system.

BRI EEAWRERBRILARTINAT—EEEH]THIHEICOVTEHALE &
Explain how to realize full-color stereoscopic display by wavelength filter.
3DIREZHTHFHEDEBIZ DL TEHAE &£

Explain problem related to caption in 3D theatre.
LoFXao—ICEYRETERTHAEICOVTEHRBAE X

Explain by figure how to achieve parallax by lenticular lens
INGDDRN)TICEYREZERT B EICDONTHAE &

Explain by figure how to achieve parallax by barrier.
TIWT)VEMRISONTERAE &

Explain Pulfrich effect



