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Introductien o Displays

DJsp/ay: device WhiCh presents
perceptualiinfermation

Ofiten ‘display” usedito mean ‘visual
display’

Goal: display devices whichr aceurately,
represent perceptions inisimulated
werld
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_ecture Outline

Visual System
Depthr Cues
Visual Display: Characternstics

Visual Display: Examples
MOeRItors
surround screeni displays
workbenches
headl mounted displays
arm-mounted displays
virtual retinal displays
autostereascopic displays
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\/ision

Stimulus: light off wavelengths —350-750 nm

Visualldominance: 50% of brain involved in

processing!
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Eye Physielogy

Camera metaphor:

n lensi (can change)

a film (retina)

m amoeunt of expoesure
(Pupil)
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Retina

Photereceptors: rods & Cones

Distinction off function
u rods: perphery, motion, B&W, sensitivity.
m COnes: fovea, static, color, acuity,
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Rod/cone Distribution

#rods/cones

position on r‘é@a

“blind spot”
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Depth Cues — How Do We See 3D7

Moenoecular/static CUES
Occulomotor CUeS

Vietion Parallax

Binecular Dispariiy: and Stereepsis
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Monocular/Static Cues

Relative: Size

Height relative ter herizen
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Monocular/Static. Cues

Occlusien and Linear Perspective

——

R

Spring 2008 CAP6938 — 3D User Interfaces for Games and Virtual Reality: ©Joseph J. LaViola Jr.

Monocular/Static Cues

Shading, Lighting,, and Tiexture
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Oculomotor Cues

Accommodation — physical stretching and! relaxing
ofi eye lens

Convergence — rotation of VIEWEr’'s eyes so Images
can be fuseditogether at varying distances
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Motion Parallax

Stationany VIEWer: VS, moving| Viewer
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Binecular Disparity. and Stereopsis

Each eye gets: a slightly,
different image

Only effective Within a few,
Teet off viewer

Many implementation
schiemes
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Accommodation-Cenvergence
Mismateh

Standard stereo displays confiuse: the lhrain
ased on oculemotoer cues

right-eye image
left-eye image

Only “true 3D” displays can provide these
correctly
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Visual Display: Characterstics

Field off View (FOV) and Field off Regard (FOR)

= FOR — amount of physical space surreunding viewer in whichivisual
IIMagesiappear

m FOV — maximumjvistial' angle seen instantaneously.

Spatial Resoelution

m number of pixels andl screenisize

Screen| Geometry,

s rectangular, hemisphericall, etc...

Light Tiransfer: Mechanism

= front projection; rear projection, laser light, etc...

Refresh Rate

= not the same as frame rate

Ergonemics
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Stereo Monitor

Ordinany/ werkstation
eguipped with emitter
and shutter glasses
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Stereo Monitor — Advantages

LLeast' expensive ini terms of: additienal
hardware ever other eutput devices

Allews usage of virtually:any: imput device
Gooed reselution

User: canj takeradvantage of keyboarnd and
Meuse
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Stereo Monitor — Disadvantages

NGOt Very Immersive

User: really’ cannet meve areund

Doees net take' advantage: of penpheral
visien

Stereo cani e preblematic

Occlusioni fromi physical olhjects can be
problematic
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Surround Screen VE (1)

Has 3/ to 6/ large
SCreens

{h‘— [
PuUts USer in a room “F 11

for visuall immersion el

Usually: driven by a
single or greup of

powerful graphics ]
engines E \
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Surround Screen VE (2)
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Surround Screen VE (3)
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SSVE — Advantages

Provides; high reselution and large EOV.

User only needs a pair of light weight shutter
glasses for stereo viewing

User has freedom to move about the device
Envirenment IS not evasive

Realland virtual ehjects cani e mixed i the
envirenment

A group of people cani inhabit the space
simultaneously:
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SSVE — Disadvantages

Very expensive (6-7 figures)
Requires a large ameunt of physical space
Projector calibration must e maintained

Nor more that twe Users can be head
tracked

StENEn Viewing can be problematic

Physical elhjects can get in the way of
graphical olhjects
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SSVE — Interface Design

Do not need to represent physical ehjects
(I'e. hands) as graphicall ehjects

Can take advantage of the user's
peripheralivision

Do net Wani the user to get teo) clese: to
the sereens

Develeperican take advantage: of the
space forf using physical preps (I.e. car,
motien platfierm)
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Woerkibenches and Vamrants (1)

Similar'te SSVE but
one display: (two: at
MOost)

Can be a desk or a
large single display,
(re. PowenVall)

Traditionally: a table
1op metaphor
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Woerkibenches and Vamants (2)

Spring 2008
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Workieenches and Varants (3)
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\Workihenches — Advantages

IHigh reselution

Eer certain applications, makes: for an
Intuitverdisplay;

Cani be shared by several users
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Werklenches — Disadvantages

Limited moevement
At moest twoe Users can he head tracked
NG surreunding SCreens

Physical olbjects can get in the way: of
graphical ohjects

Steneo cam e preblematic
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Werkienches — Interface Design

Ergenomics are impoertant especially when
designing Interfaces; for table displays

User can takeradvantage off direct pen-
ased Input IiFdisplay; surfiace: permits

NG need ter make graphical
representations; of physical olhjects
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IHeadl Meunted Displays

[Device has either twe
CRT or LCD screens plus
special eptics In front of
the users eyes

User: cannoet nattrally
see the real world

Provides, a stereescopic
View! that moves relative
to the user
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HMDs — Advantages

Prevides an Immersive experience: by:
blecking eut the real world

Fairly easy: to set up

[Dees| net restrct User firem meving areund
I the realwerld

Averagerguality: HMDris relatively.
Inexpensive

Can achieve good stereo guality
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HMIDs — Disadvantages

Average guality: HMDs' liave: peoy
reselution and field off view: (EGV)

[Dees| net take advantage: of perpheral
Vision
Iselation and fiear of real wWorld events

Goeoed quality: devices, cost in the 100,000
dollar range

Heavy and! do not fit well
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HMDs — Interface Design

Bhysical olhjects require: a graphical
representation

Limits the: types of mput devices; that can
perused
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Arm Mounted Display: (BOOM)

Like a HMID: but
mounted; onran
articulated amm

Mostly use CRT
technoloegy

NGt really: used
anymore
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BOON — Advantages

Provides better resolution than HMVDs and
genernally a higher FOV.

LCight welght relative te the user
Excellent tracking with minimal lag
Easy; te) set up and switchi Users
Goed stereo guality,
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BOOM — Disadvantages

Limited user moevement

ke leoking through bineculars

Dees net take advantage: of perpheral
\/iSIon

Requires the user to heldionto the BOOM
oK contrel
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BOON — Interface Design

Must:haver at least one hand on the device
which limits; twoe-handed interaction
Physical oljects require: graphical
representation
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Virtual Retinal Displays (VRD)

Scansi images directly;
ento the retina

Invented at the HIT
Labin 1991

Usedifor hoeth virtual
and augmented
reality

Commercially being
developed at
Microvision, Inc.
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VRDs — Advantages

Lightwerght relative: te) the user

Ability for high reselutioniand FOV.
Potential for complete visual immersion
Can| achieve good stereo guality.
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\/RDs|— Disadvantages

Currently has low resolution: and EOV IS
small

[Displaysi are currently menochrome
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VRIS — Interface Design

Avenue: ofi research
QUestions' alise apout eye movement

Spring 2008 CAP69388 — 3D User Interfaces for Games and Virtual Reality: ©Joseph J. LaViola Jr.

22



AutoStereoscopic Displays

Lenticular
\/olumetric
Holegraphic
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Which Visual Display: te Use?

Consider lists of pres and coens
Consider depth cues, supported
Consider level ofi visuallimmersion

BUt this isi a very: hardiguestion te answer
empircally
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Next Class

Auditery andf Haptic Displays
Readings

s 3DUI Book — Chapter 3, pages 29-59
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