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Virtual space: what it is!

Real Image
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Virtual image

Virtual image x 2
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Virtual image x 3

Virtual Images

Visual, auditory, tactile andVisual, auditory, tactile and
olfactory stimuli whicholfactory stimuli which
are transmitted to theare transmitted to the
sensory sensory endorgans endorgans suchsuch
that they that they appearappear to to
originate from within theoriginate from within the
three dimensional spacethree dimensional space
surrounding the user.surrounding the user.
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Definition: interface

inter = 
between faces

between 
faces

Types of Interfaces

R= real content world  C=computer-generated content



MMVR Keynote
1/25/2001

Point of contact: tfurness@u.washington.edu 6

Virtual interfaces

A system of transducers,A system of transducers,
signal processors,signal processors,
computer hardwarecomputer hardware
and software thatand software that
create an interactivecreate an interactive
virtual spacevirtual space

Virtual interfaces

ll Information isInformation is
transmitted to the sensestransmitted to the senses
in the form of virtualin the form of virtual
imagesimages

ll Psychomotor andPsychomotor and
physiological behavior isphysiological behavior is
monitored and used tomonitored and used to
manipulate the virtualmanipulate the virtual
imagesimages
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Virtual Interface Concept

Head-Mounted
Display

Spatial Audio

Tactile 
Feedback

Fcrce Feedback,
 Full-Motion

Display

Visual

Aural

Tactile

Proprioceptive

Position
Trackers

Exo-
skeleton

Data
Gloves

etc.
Speech

Recognition EEG, EMG, etc.

Body Movements Voice Autonomic
Nervous System

Sensory Modality

hand 
designation

space 
stabilized
virtual image

binocular virtual retinal displayhead 
position/orientation
tracker

hand/finger 
position/orientation

tracker with force feedback

speech input eye tracker/
designator

Virtual WorkStationVirtual WorkStation
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Virtual environments/Virtual Reality

ll The representation of aThe representation of a
computer model or databasecomputer model or database
in the form of a system ofin the form of a system of
virtual images that createsvirtual images that creates
an interactivean interactive
circumambiencecircumambience which can be which can be
experienced and manipulatedexperienced and manipulated
by the user.by the user.

Simulated Experience

HumanHuman WorldWorld

MediationMediation
display

measured
action

SimulationSimulation
ModelModel

Adapted from Robinette, 1992
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Cyberspace

A network of users and/or
autonomous entities interacting
through virtual interfaces.

Virtual Cockpit

A control/display medium which organizes
and fuses information from aircraft
subsystems and portrays this information
in the form of a virtual visual, auditory
and tactile circumambience for rapid
assimilation by the pilot.
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Recorded Experience

HumanHuman WorldWorld

MediationMediation

-filter-filter
-record-record

sensordisplay

measured
action

Adapted from Robinette, 1992

Transmitted Experience

HumanHuman WorldWorld

MediationMediation

-transmit-transmit
-filter-filter

direct action

sensor

actuator

display

measured
action

Adapted from Robinette, 1992
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TYPES OF VIRTUAL VISUAL DISPLAYS

occluded
see-thru

multiplexed

OCCLUDED VIRTUAL DISPLAY

collimating lenses

opaque image sources

apparent virtual 
images

virtual wand
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Immersive VR Architecture

Head
Tracker

Host
Processor

Data Base
Model

Rendering
Engine Frame

Buffer

head position/orientation

to network
Display
Driver

Non see-thru
Image source

& optics

 

virtual
object

Virtual
World

SEE-THRU VIRTUAL DISPLAY

95°

partially transmissive combiner

mirror

lens
image source

lens

real worldvirtual objects sumperimposed 
on real world
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Augmented Reality

l The superimposition or
compositing of virtual images
in combination with real world
images.

Image Courtesy of Kaiser Aerospace

Augmented Vision

HumanHuman WorldWorld

MediationMediation

-transmit-transmit
-filter-filter
-model-model

direct perception

direct action

sensordisplay

measured
action

Adapted from Robinette, 1992
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See-thru AR Architecture

Head
Tracker

Host
Processor

Data Base
Model

Rendering
Engine Frame

Buffer

head position/orientation

to network
Display
Driver

see-thru
combiner

 

Virtual Image
superimposed
over real world
object

real world

Image source

Virtual images in real space
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Video AR Architecture

Head
Tracker

Host
Processor

Graphics
renderer

Digital
Mixer Frame

Buffer

head position/orientation

to network
Display
Driver

Non see-thru
Image source

& optics

 

Head-mounted TV
camera aligned to

display optics

Video
Processor

Video image
of real world

Virtual image
inset into
video of real
world
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Mixed Reality

A person in your hand
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Virtual space: what it does!

The ‘message’

message

medium

& the ‘medium’
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Human

‘mindspace’

Human sensory & psychomotor processes

Human interaction with message
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What is the bandwidth of the
information transfer?

Bandwidth = f (             ,           ,          ,             )

Old Way
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Immersive VR

Implications of VR
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Implications of AR

Milgram’s Continuum (1994)

Reality VirtualityAugmented
Reality (AR)

Augmented
Virtuality (AV)

Mixed Reality (MR)


