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o 3D Depth Cues 3XH Z10| Q14| BN F)

o 3D Stereographics Terminology (3XH X HA &0
ge)

o 3D Display Xt XG4 CIAE20])

3D Depth Cues

Visual Depth Cues

- Perceiving “depth” with one eye closed

o CHAHS M EFME (Object-centered cues) or 2|3HA THA]
(Pictorial cues):
m Linear perspective (2|4 Z=@)
Mol st AMHoZ

Size of known objects (Z2 % 2HE2| &CHX 7))
7ttol e EMZEH A 2

Detail (texture gradient) (RlAX H3})
7bt0| e BHC| AKX O MESHA 2L

Occlusion (hidden surfaces) (C2 SX|0f 2|3t X

Lighting and Shadows (20f| 2|t BEAL T 2IXAH0| 2foh 2.1}
7tnte 287t H $a, H ENE g0 2 Y
A2XHs LE9| occlusions 2O F= HEY

Relative motion (motion parallax due to head motion) (& A|A)
Hals M7t 7Ht0] e HECH O MM 2E Y
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Perspective

02 Hzot Z2 AW HOE 5 StLto| ~4F
(Single vanishing point)2 £ =&

o ok d &0 0= =X (O: 2E, 7I=2+)2 Z20
#=0| (Height)7t 20tE == 2| Y= A2z 2 Y

Size
o 227t & L3 e EMEQ 37| (Size)E HIWBHA, 0=
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Occlusion

Detail

o QZFel &2 7t7t0] Q= Aat HlwsiAM He| J= =K 2
AN 7|27 4ME (Details in texture gradient)=
ATHSHR] g

o E2O| B S8t 20| f&RlAMo|D =4S 7|9 A7}
UHSHA HHE = BAXNI EESHH £ =5 He| U=

o OtX[ZO| EE= QHHQL 22 &7| T2| & o| Ateh IfZ0f
5% HT (Atmospheric perspective)Of| 2|siiA], HE| U
X7t § 3|0|5HA 2 ¢




Lighting and Shadow Motion Parallax l
®

o &2 (Brighter) M7 E| 7b70] 9= 22 25 o BEXILOIAS HOAM O[T e . A s
0 offel XO| /IS 8%, 2 ABAE o SR 93 CHAYS © CHARCH G| 30| £0 B3 MojA 74X
o 20| {[o| A H|ECtD 75| 20 SX2| ofzf F-&0i 0|2 2% AlXt (Motion Parallax)2} g
LEAL RS HojLE A2R 27 o 7|XHE EfD 7lCH 28 B A2 Xp7|S ete D Jpite
o Y3 AR ojstol & S| 7he| ATHH Ol QXIS LRI LIRE W27 5|2 7 2K 3 B0|s 1o, BAKIY)
oIX|ef Chat 2] HTHZ{QI 9|X|o] sl Olsh 47|
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o 7MEHA S A LHAIKL (Stereoscopy)ELF o SR

o MZ2 A8M E0|= F g2 EBAM 35Y [ Y
et 5% Cfef o] HHO|A 4K 54| (Deletion &
Accretion)0| 0]

o O thM= SHI 2F AL Z2gEl A2 A

’ BMEoMe SN A2 S Feto| HEStEHrEY

Visual Depth Cues

- Using both eyes Stereoscopy
o e EHAf (Binocular cues): “ o YOLAIRF A2} (Binocular vision)2 F
m Binocular disparity (Stereopsis) g (D ﬁ Fixation point T':O|_‘_9|tl_7ni CH2 I:g;)toj“ O &S =
OIZto] &= & AFO| AH2| (Interocular distance)?t 2 6cm EO{ A AN A vl o QIX|St= _‘Z_'JEE T =0 7 CHE
@5 £ 391 By 47 G2t 0IF FoIT Bnocar 5 Jae W
disparity) E= A|Z} (Stereopsis)2tdl ofH, O| {20 HZ|e ey oS o
BUT QHPE A B SGe) oA T X BeS
o
o ¢t 2&& EhM (Oculomotor cues): = ._E'A olo] Falol olalo] or= L
. ot o 5+ &= AO[2] AZ[0f 2|5t0] FF =0
= Accommodation (Focus) (Z2/Z=H) OFZt C}E HALO| QHS| A &= A S
S872/0) e e =H-S x| 5t (5, =M Q| 2|0 w2t Ok A|X} (Binocular disparity)2t 22
ZEE SO T 42 %A Y] 2ot =2 2|00 UYE = . ol " . L oFO =
oy - o" o YHA|Z (Stereopsis)E L HAIXLO
= Convergence (T 3@) o|5}0] AHZI ZIo| X|Ztel
CHerof 2 S W37 21810 £ £0| e 2ehA =H3HA &[0f Lefteye Right eye =1° e w1
£o| 280 1% & o 2HENZEEH £ M7 MZE CHE
= Accommodationit Convergencer= §78 7{2|0f & CiAtof AHelof Qo™ O CHE FEo e &+
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Accomodation
In Real Workd In Terminal 1n Head-mounted
[d: sccomodation Environment Display*

diatagoe)

d
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* For HMD, d is a fixed valie depeadent npon sycism's optics
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Convergence (Stereo)

In Real Word
@ : Vergence angla}

Filters

In Elead-mounted
Display

HD

8Y Screans YO
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o Horizontal Parallax / Binocular disparity (=3 A|X})
ClAZg 0] 238 ol SYH (5, F 712l EX5t= X|F) Atole
+E2)

o Stereo Window/Plane (AH|2|2 EH)

F o=z HEe= A 7H0 Xo|7t gle X|IE
Yprroz EYNO| RUE/ZRMM A28 22 O

o Homologous Points (& 27H)

QIZtO| A2t A|AE Zf, @ FO0|AM L= 40| A3 2 &0fAM
wxtst= H

o Vertical Displacement (=& A|Xh
ClaZSeo] 23 2de sYH (5, F M2l EX[5t= X[F) AO|<]
+53{2)
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o Interocular Distance (Z9+ZH 7{2|) P
eIZkol zf, 2 & AtO[e] AHe|

O Hypostereo/Giantism (&
QOotZH0| 6.5 cmo| EEX| O/
O|O|X|E ot HAtz HAFE 2%

o Hyperstereo/Lilliputism (= & A))
QOLZH0] 6.5 cm EEX|E X1t
O|0|X|E ZotDq 3ktE YUMZ &
of &
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FYO| CHE & =0 20jX|= A
nz#as gey

O Positive Parallax (ZX|E|E M A|XH
AHY L HHO 9ol £ HOo| Z4Z4 A 22 {1, KoM
SHLIZ St MA AH ML HHECL S0{7F 20|l= A

o Negative Parallax (WA E[E LA AKX}
AHYR HHO Wol & MOl 4 B XL @ L2 S0{1
L O SHLIZ MM AHML BEHELCH FO 2 F oLt}
2ol & 7

o Zero Parallax (M2 M A|XH

AHHL ™ (stereo window)0f| ot 2™ S oy QFot
AX7E Sl A
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Positive parallax Projection
Flli;'lnE

(screen)

L

R

Foint being proj
is behind the
projection plane

The left and right eye images projected on the screen
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Negative parallax Projection
plane
(screen)

Faoint being projected
is in frent of the
projection plane

o If Obf'ects are too close in front of the projection plane, negative
parallax will increase.

o If negative parallax is wider than eye separation, then result is pain.
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fero parallax Prajection
plane
creen)

Point being
projected is at the
projection plane
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Viewing a point in
a scene from two
difference camera
positions produces
differing view
planes
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Using parallel views

~ (i.e. symmetric

= view frustums)
produces a single
view plane, but

> images must be

—+ trimmed to area of
overlap - Projection
) Planes are not the
same
SAHOM =K 7}

o 2L, SX|7F HF Zt710] /IS E2
2o 20N 20 T[2E 222 = U
o OjZte| Xto[E Hol® 22X 7 HS d4sid

o
o
=
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Projection
[EL T
(screen)

eye

separation

T

right

The correct
approach using
parallel views
and asymmetric
view frustrum
produces a
single viewplane
and overlapped
image
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Stereo Images on the GeoWall

Off-axis Perspective Projection in a CAVE

o 1712] 2048x768 =t HO|| =, 2 O[O|X|E E0F£& 2719
%‘r E (viewports) S QﬂéoF
o Zt HIZEOQ| O|EI|X| 2700 —mE2HMEHZ LfEH

25

o CAVE A|AEIS[ BL, ZFA| R (view frustum)7f off-axis
prOJectlonE _|_E1 oHO|t =13 p

K
o
.
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Making the virtual world look true to
size

How to Generate Stereo Images

Left
Eye

!

O Set camera properties to be the same as real world
properties:
m Set user’s distance to screen (i.e. focal length d)
= Measure the screen’s height (h)
m Compute the field of view (f = 2*atan(h/2d))
m Use real world eye separation distance (2.5 inches)
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Present a distinct image to each eye:
O Free-viewing

o Optics (lenses)
o Chromadepth
o
o

Pulfrich Effect
Anaglyph (color)
o Polarization
o Active Shuttering
o Autostereo




Free-viewing

o Free-viewing (§QF Z4)
= QHZO[L} 2l &
HHH S st

|
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o
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o
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Optics

o Optics (YA &3t7])
m SC|HCE X, @ E2|E HZE ALESI0 242l =0f Zf, ¢
dd2 E0E

Stereoscope, invented by Charles Wheatstone in early 1800s
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Optics

Viewmaster Slidemaster
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Optics

HMD
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Chromadepth Pulfrich Effect =

0 Chromadepth 21K[2FZ 2 LEHH Q1 2K O|O|X|Of M &= o Pulfrich Effect (2Z2|5| 2= MESHA} Carl Pulfricho
LN 2E & + UAZE NotE E tZe R 0| ¢+E 9 ols LHE YT
Exct EHZI MZ 82 Zo[dS =AE HE0 F o SCX SR DE SHN OFA X0 Enrgo| CH2 "W E
O WZMO| 7t A2 2 FOjLIR= RutE FO, It 0| A0l 220l U= BH oS 2HESHH, FE9)
7t el e AXH =914 Xtofl & X|2f AlZtel xto|2 QI8 UM A0 =7|A &
w WZLZO SIOEZO| QUCH WIHZ2 O 9D SHE 2 [ E
=20|1 QUL OBH FAFKE SO WSS EL| 512k50| fS
J2/of £ QUCL O|RE? BAIMKE 20l 32 =2 £H =2
DHECH O Za 22lE 3o M2 CH2 48 = =iCt o] HEE
HE 30| Y8 12|06 £ HOR SABiC)
St ChE

O Pulfrich Glass (EZ2|5| ¢td)2 ot == EQS
Zo oL TER 5|0 Y HoZ Zma|s| EHE

S8 LS YAS ZHASH=H| AL

o O|EL =2 2 0|0|X|7} EH HXE E3f =2
O|0| K| 2 Ct |0 SAH =gst )

EEEEEE
EEEEEE!

=2
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o UYHOR X 0| WIHMT O2F o TR (Ei
A2M S HEM cyan) TEJ EAE ofd 22T
OIHS Aroto] YHiE ZarE

o OfLZ2|Z A MxT} 2t =0 Sof7te 0|O|X|Z Tt
Zo bloh 6fS FEXIA LIEHO Qx2S 1A
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Passive Polarization

GeoWall

Passive Polarization

IDesk4 - Linear Polarization 38

Linear Polarization

Circular Polarization

O

O

GAZ| MHOM LIR= 8l2 7|25 o2 MEtd Y (5,
2= gdoz TSst= 850 40UZ

= Qo) £xt=l M3 T H (polarization filter)= o
o2 Tsst= SlEhE SaA

T HE HE I A4V SA7|= 2 TE Weko|
ME X2 (5, dE & 0|0|X|= =3, QE B &
O|0|X|= =822 ME &Z0| L[ 4%

HE otE0e 22 HE ZHE RFASI0 YHE =7A
St ¥ Trasuailtting

e | Unpodarized | dals

=A|: head-tilting problem

o MY HE (Linear polarization)Ofl 1/4 ThEh 2|4

N
(quarter-wave retarder)E AFESIH | HE (Circular

polarization)2 Bt= &= US

o 28 HZ2 head-tilt problem”t 8-S

o 2N B2 T2HMM AJE0| HEZ ABA7|= XY
AR S I HSE FA| HEZS ABAIY, LCDE
WHEHoZ HEAS FAT i
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Linaat Polarizes Layar + Quarier Wi Ratarder = Circular Polariner




Active Shutter Glasses

Auto-stereoscopic

o “Active stereo”
o Liquid crystal lenses otgo| o2 WEAH 2 55 1
OlgA siM YHZS =7A &

o O] ¢H8 2 H|C|R C|AZg 0|2 57|t
(synchronized)|0{Of gt - 1% 2 2+ Zggl2 £
) 5

|: -

QEZ Lo ma mp Qg HA B
o
°

o LCD Z2HME{ =
DLP T2 ME{= i

O Auto-stereoscopic2 FtZA! KA Y (Glass-free
stereo)2 2 Ol2| A|FHO|A & O|0[X|7} =% AEREE
LHE A A& &
o Auto-stereoscopic
= Parallax barrier (A X} Hi2|O{): Barrier strip (PHSCologram,
Synthagram, etc) separate layer with strips that block all but
one image from any viewpoint

= Lenticular (HE|Z21): lens like stripes

= Lenslet (A Z=2): Integral photograph or integram

o 3D displays (3XH C|AE20])

X & N -
C[X] G423 = Holography (22121)
= Volumetric (FEI]ghA)
= Stereoscopic: Active stereo (UE|E ME| B 4]), Passive stereo
(H2HEHAD, Autostereoscopic (FOHA A -
Hologram Volumetric Display

0 MARK-II @ MIT Media Lab

o Spinning Screen Display o Slice-Stacking Display

Actuality Systems LightSpace Tech




Autostereo 3D D|splay

Autostereo 3D Display

Philips, 42" WOWvx 42-3D6C01
-Lenticular, support for multiusers

- Pavonine, 177/19” Dimen
-Backlight switchable barrier

Sharp, Actius RD3D Notebook
-Backlight switchable barrier

o Integral-Imaging System

Parallax Barrier

OX S2& g2

E __I.I.A'i (=1

r|o
A
=
to
!
B
o

o 2% O|0|X| EE
Z0| IOh2 LFEFLF A
o $& &8 (Vertial slit)0| Y=

A E&l (Barrier Strips)
7H= O|0|X|Qt QEZ o2 Jh= 0|0|X|2 280

UHHOZ 2 & AU

i
Ot
i
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w
>
o J
o
=
ﬁ

ru|o
ofm %
=
_O'_I- —
r|r

S g
rlo rot
1oty

(i ﬁﬁ @ ™ Parallax Barrier

a7

Pickup Display
.
N
Pick up device
Object Display panel | Integeated image
Lenticular
o H 740 O|O|X|E =ZEO =2 OfF ZH Eetstn 2=
X7IS siLpY SOP7IBIA| HiX|S 5 uF ASH A=
2™ (Cylindrical lenses strips)& S3lAl 3k
AMOZ 5 £+ U2
view informahon
Altemnating ;le"?T‘iC”l""'
Left ang )‘L’hLLt -
Right Eye Right Eve
e [maoe S O Left Fye

lenslet

' I image data
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Lenslet

Reference

o 2t ¥ #H= (Spherical lenses)E At
AIX} O|O|X| (Full parallax image)&

spherical
lenslen

image data
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http://www.mlab.uiah.fi/nmc/stereo/masters/eng/vocabulary.html
http://www.3dnshop.com/dic/list.php
http://local.wasp.uwa.edu.au/~pbourke/projection/caev/

ht;c’p://lweb.cs.wpi.ed u/~matt/courses/cs563/talks/stereohtml/stere
o.ntm

James Helman SIGGRAPH’93 Applied VR course notes

Dennis Proffitts SIGGRAPH94 Developing Advanced VR
Applications course notes

Lou Harrison SIGGRAPH’97 Stereo Computer Graphics for Virtual
Reality notes
http://www.siggraph.org/education/materials/HyperVis/virtual.env/
percept.iss/percept.htm
http:/é¥vww.wmin.ac.uk/ITRG/IS/DPI/HIW/Human%ZOVisuaI%ZOSyst
em.p
http://web.media.mit.edu/~halazar/autostereo/autostereo.html
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