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3D Depth Cues

Visual Depth Cues

- Perceiving “depth” with one eye closed
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Perspective
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Lighting and Shadow
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Motion Parallax
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Visual Depth Cues
- Using both eyes
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= Binocular disparity (Stereopsis)
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Stereoscopy

Fixation point

Lefteye Right eye
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Accomodation
In Real Workd In Terminal 1n Head-mounted
{d: mecomodation Environmest Drisplay™
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Convergence (Stereo)

In Real Word
@ : Vergence angla}

Filters

In Elead-mounted
Display
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O Horizontal Parallax / Binocular disparity (=% A|X})
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o Interocular Distance (ZQtZH 7 2])
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Positive parallax Projection
plan&

(screen)

|
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Foint being projectec
is behind the
projectien plane

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

R

Foint being projected | L
is in front 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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Projection
plane
(screen)

Zero parallax

Foint 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

Y~

/
same
J1710) U2 B2 BARAN 2
m2g ASH = 9lg

| J(1|7f|3 CREEF

23

Projection
plane
(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
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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
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Optics

o Optics (A &st7]))
= =22Hoz xf, 2 ZE|E HZE AMESHA 44| =0 =,
qddE BAE

Stereoscope, invented by Charles Wheatstone in early 1800s
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Optics

Viewmaster

Slidemaster
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Optics

HMD BOOM
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Chromadepth

Pulfrich Effect
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Passive Polarization

GeoWall

Passive Polarization

IDesk4 - Linear Polarization 38

Linear Polarization

Circular Polarization
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Active Shutter Glasses

Auto-stereoscopic

O “"Active stereo”

o Liquid crystal lenses QtZ0| Of2 WE2A %2 =2
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m 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 (M E|Z2]): lens like

stripes

m Lenslet (Al=2ll): Integral photograph or integram

o 3D displays 3K} ClAEg
= Holography (22 12fX)
= Volumetric (S x|gtal)
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m Stereoscopic: Active stereo (ME|E ME| HtAl), Passive stereo
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OFZA Al
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Hologram

Volumetric Display

0 MARK-II @ MIT Media Lab

o Spinning Screen Display

Actuality Systems

o Slice-Stacking Display

LightSpace Tech




Autostereo 3D Dlsplay Autostereo 3D Display
o Integral-Imaging System
Pickup Display
— o o Ak B,
Philips, 42" WOWvx 42-3D6C01 \ !- K
-Lenticular, support for multiusers Pick up device .
Ehice! Display panel Integrated image
Lens array Lens array
.Pavonine, 17”/19” Dimen
-Backlight switchable barrier
Sharp, Actius RD3D Notebook
-Backlight switchable barrier
Parallax Barrier Lenticular
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grHe=z = 5+ US
O Left Image Right Eye N Right Eye
R— E,-::'\I:-III“I“I O lcﬁ Hyc
. Left Eye
B Right Imag
V e . ' I image data
it ﬁﬁ ) ™ Parallax Barrer
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Lenslet

Reference

o B 1Y 2= (Spherical lenses)E A3}
A|X} O|O|X| (Full parallax image)& 2ts

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 SIGGRAPH'94 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

50




