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“Ultimate display”
Sutherland 1965:
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* “One must look at a display screen as a
window through which one beholds a
virtual world.

» The challenge to computer graphics is to

make the picture in the window look real,
sound real and the objects act real.”
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Virtual Reality is a way for humans to $
visualize, manipulate and interact with v.cauanie

—CAD model
—Scientific simulation

—View into a database

* VR hardware maps natural behavior onto digital streams
« VR software provides tools for construction of, management of, and
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interaction with digital environments surrounding a user.
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Characteristics of VR M
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* Immersion / Visualization:
« Immersion is maintained at least in one sensory
modality (vision)
— The computer generating visual, auditory
or other sensual outputs to the user of a
world within the computer.

« Interaction:

— The user can interact with this virtual world,
directly manipulating objects in it.
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Types of VR systems i
Desktop VR M
— Window on a world e el
Artificial Reality (Video mapping)

— Window on a world merges a video input of the user’s
silhouette with 2D computer graphics.

Immersive VR
— The user becomes fully immersed in an artificial, 3D
world that is completely generated by a computer.
Telepresence
— Links remote sensors in the real world with the sense of
a human operator.
Mixed Reality

— Computer generated inputs are merged with
telepresence inputs and/or the user view of the world.
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‘Virtual Reality' (VR) M

MACQUARIE

‘Virtual Reality' (Jaron Lanier) (1989).

« 'Artificial Reality' (Myron Krueger, 1970s),
* 'Cyberspace’ (William Gibson, 1984),
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— Originally, the term referred to
'Immersive Virtual Reality.'

 'Virtual Worlds' and 'Virtual Environments' (1990s).
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Virtual Reality

¢ a medium composed of
interactive computer
simulations

UNIVERSITY

¢ sense the participant's
position and

* replace or augment the
feedback to one or more
senses

¢ giving the feeling of
— being immersed or

— being present in the
simulation.
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Link Trainer

1929 N
SOMPANY INC., Binghamton, N Y. Floar Space 1267 x 81 8

After several years of flight training via "penguin” trainers
(aircraft with shortened wings,
unable to generate enough lift to get off the ground).
Edward Link develops a simple mechanical flight
simulator using his father's piano and organ to train a
pilot at a stationary (indoor) location.
The trainee can learn to fly and navigate using instruments via
instrument replicas in the cockpit of the Link Trainer.
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Head-
mounted
display
1965 - 1968
Evans and Sutherland demonstrated an HMD.
Ivan Sutherland develops a tracked stereoscopic
head-mounted display at Harvard University.
The display uses miniature CRTs
is interfaced to mechanical and ultrasonic trackers.
It took more then 20 years before VPL Research
introduced a commercially available HMD.

« the famous "EyePhone" system (1989)
« sense attention through eyetracking (2003).

UNIVERSITY
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&
VR Instructor e
H 1955
E RAAF uses Link Trainer for Aeronautical
Z training.

VR Instructor gave orders over the radio and
monitored the pilots’ progress.

The jet's virtual route was traced out on a map
by the “bug” on the instructor’s desk.
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» Device has either two CRT or
LCD screens plus special optics
in front of the users eyes

» Provides

— an immersive experience by
blocking out the real world

— a stereoscopic view that moves
relative to the user

UNIVERSITY
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¢ does not restrict user from
moving around in the real world

« relatively inexpensive
can achieve good stereo quality
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drawbacks

-Most displays are only about 640 pixels across,

-which is a tiny fraction of what a normal human can see over
the same angle of view.

« poor resolution and
field of view (FOV)
does not take
advantage of peripheral
vision
isolation and fear of real
world events
heavy and do not fit well
physical objects require
a graphical
representation
limits the types of input
devices that can be
used
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drawbacks

Limited user movement
Like looking through
binoculars

Does not take
advantage of peripheral
vision

Requires the user to
hold onto the BOOM for
control

Must have at least one
hand on the device
which limits two-handed
interaction

Physical objects require
graphical representation
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1989

Fake Space Labs

e Like an HMD but mounted on an
articulated arm

¢ Mostly use CRT technology

* Provides
— better resolution than HMDs
— Light weight relative to the user
— Excellent tracking
— Easy to set up and switch users
— Good stereo quality
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1991

HIT Lab

¢ Scans images directly onto the
retina

« Two prototypes developed:
— portable and
— desk mounted system

¢« Commercially developed at
Microvision, Inc.
— Lightweight relative to the user
— Ability for high resolution
— Potential for complete immersion
— Can achieve good stereo quality
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drawbacks

Currently has low
resolution and FOV is
small

* Has along way to go
before they become
commercially viable and
inexpensive enough for
mainstream use
Physical objects require
graphical
representations

Limits the types of input
devices that can be
used
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1990 Virtuality
— We-Industries launches the first public venue VR system.
— Itis a dual-player VR arcade system that
— includes an HMD, hand-held prop, and ring platform for each
participant.
« The initial game -- Dactyl Nightmare —
« involves two players in a simple multi-level world
« where they attempt to shoot one another.
— In 1993, W-Industries changes their name to Virtuality PLC, and
— in 1997 they sell their assets (Bankruptcy).
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1989 Power Glove

Mattel designs Power Glove.

combined with Sega 3D glasses for
Nintendo.

« ahandtracking device based on aglove.
« can track motion of the glovein 3D and finger position
« hasaset of buttons/switches on the top of the wrist.
¢ hastwo modes "hires" and "lores":
* In"hires’ mode, the PG reports the position in threespace, the
orientation, and configuration of fingers.
* Inlores mode the glove reports position on the hand on the x
and y axis and the buttons.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Ordinary workstation equipped
with emitter and shutter
glasses

Least expensive in terms of
additional hardware over other
output devices

Allows usage of virtually any
input device

Good resolution

User can take advantage of
keyboard and mouse
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drawbacks

« Not very immersive

¢ User really cannot
move around

» Does not take
advantage of
peripheral vision

« Stereo can be

problematic

Occlusion from

physical objects can

be problematic
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1853-1986: evolution of stereo images
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The CAVE

- Instead of using a HMD

- imagine a room

- where output of computer
displays

- is projected onto the walls

. The projected images are in stereo

- by rapidly alternating between the two eye images.
- You stand somewhere near the middle and
- wear shutter glasses for a 3D effect.

. This concept was first developed in 1991 in Chicago

. atthe Electronic Visualization Lab of the University of
lllinois.
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Surround
screen
systems
1993

* CAVE
e Carolina Cruz-Neira at the Electronic
Visualization Laboratory at the University of

lllinois at Chicago.
« the term CAVE is copyrighted by Pyramid Systems.
* These systems also go by other names (C2 and VR Cube).
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Characteristics of a CAVE

Provides high resolution and large FOV

User only needs a pair of light weight shutter glasses
User has freedom to move about the device

Real and virtual objects can be mixed in the environment
A group of people can inhabit the space simultaneously
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CAVE (Cave Automatic Virtual Environment)
¢ provides the illusion of immersion by projecting
stereo images on the walls and floor of a room
sized cube
e ( % % 0
. ( . $
— Several persons wearing lightweight stereo glasses can
enter and walk freely inside the CAVE.

— A head tracking system continuously adjust the stereo
projection to the current position of the leading viewer.
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drawbacks

Very expensive (approximately 1 million dollars)
Requires a large amount of physical space
Projector calibration must be maintained
No more than two users can be head tracked
Stereo viewing can be problematic
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Drawbacks:
Update Speed

" %
/
% /
% + $

— Most VR displays are updated at 30 Herz (30 times per second).

« This requires a large amount of computation,

« just to maintain what looks and feels like "nothing is happening".

« The amount of computation required also depends on the scene

complexity.
— VR is therefore limited to relatively "simple" scenes that can be
rendered in 1/30 second or faster.

— This currently procludes any of the rendering methods that can
provide shadows, reflections, transparency, and other realistic lighting
effects.

Desk-top VR:
ActiveWorlds
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Game engines
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1998

— Disney opens the first of their
— DisneyQuest family arcade centers

« which feature numerous VR attractions using both HMD, and
projection-based visual displays.
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V-Cave
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Trackers

» Measure position and/or orientation of a
sensor
» Degrees of freedom
— Position (3 axis):
* XY, Z
— Orientation/Rotation (3 axis):
* Roll, Pitch, Yaw

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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» Tracking methodologies
» Electromagnetic

« Mechanical

e Optical

« Videometric

 Ultrasonic

* Inertial

¢ Neural

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Mechanical

Very accurate and precise.
Very fast.
Mechanical linkage
— places an unnatural inertia
on the user.
— can prevent the user from
moving to some locations.
Force feedback can be

integrated into the system.
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Electromagnetic

« Relationship between
— alarger transmitter and
— smaller receiver.

« No line of sight restriction.

« Multiple receivers allow tracking
of several body parts.

« Generally wired.

¢ Certain metals in the environment
can reduce accuracy.

« Only useful up to about 6 feet.

% iSVR: Interactive Systems and Virtual Reality Research Group 2005

Optical

« Using video cameras or other light sensors,
user/object position can be tracked.

« Generally wireless (though not always).

« Multiple sources can provide a 3D fix.

« Line of sight required.

¢ Often uses “markers” to aid computation.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Videometric

« Mount the camera on the object rather than on the real
world.

¢ Can use reference points in the real world to determine the
location of the camera(s).

* Some AR systems already use a camera for input, so no

added hardware required on the user.

« Requires extra computational resources.
'e
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Inertial

¢ Uses instruments that can detect and measure change
in gyroscopic forces (acceleration and inclination).

¢ Generally inexpensive.
» Doesn't require a reference point.
— need to set one arbitrarily.
¢ Can lose accuracy over time.
* Works well in combination with other tracking systems.
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Ultrasonic

« Uses high pitched sounds.

¢ Multiple sources and

microphones are used to

measure the different times

it takes for the sounds to go between each pair.
« Not good in a noisy environment.

« Requires line-of-sight.

% iSVR: Interactive Systems and Virtual Reality Research Group 2005

Neural
(muscular)

¢ Means of sensing body

part movement relative

to other body parts.

(e.g. curling the hand into a fist).

» Has not been explored to a large degree in VR systems.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Head
Tracking

< A motion tracker continuously

— measures the position and orientation of the user's
head and

— allows the image generating computer to adjust
the scene representation to the current view.

* As aresult, the viewer can look around and

» walk through the surrounding virtual
environment.
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Force
Feedback

- Suppose the special

glove could not only
sense joint angles, but
also had actuators that
could push back at you.

- The actuators could

present the illusion of
hard objects at particular
locations.

- Note that force
feedback is currently
limited to “pushing
back" to simulate the
existence of a object. It
does not provide other
parts of what we call
tactile feel, like texture,
temperature, etc.
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Hand
Tracking

. We can use
- motion sensors and
- track the position and orientation of
- other objects, like your fingers.
. Just like a mouse or joystick,

- your finger actions could be used to control a program.

- This might take the form of pushing virtual menu buttons, or
maybe grabbing an object and moving it around with your hand.
- Hand and finger position and orientation is typically achieved by

wearing a special glove that has a position sensor on it and can
E . sense the angles of your finger joints.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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— Generally this is done to give the user a means of interacting
with the world.

— In multiple participant spaces, it also provides a means of
communication between users.

— Tracker may be mounted on the hand/wrist or glove, or may
be mounted on a hand-held device.

» Gloves are generally less convenient/useful than a
wand with buttons.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Space
Pad
Motion
tracking

- Imagine that you are in a computer game with
computer generated players and/or other real
players.

» A SpacePad motion tracker is being used in
conjunction with a head mounted display and
hand buttons to implement a gaming station.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Our Research &
Infrastructure Grants

2005-2007  Australian Research Council Discovery Grant
(Richards, Kavakli, Dras)

Risk Management Using Agent Based Systems, Macquarie University ($410K)
2005 Australian Research Council Linkage International Fellowship
(Kavakli, Pelachaud, Szilas)

Interactive Drama Engine in Virtual Reality , Macquarie University ($71K)
2003-2005  Australian Research Council Linkage Grant

(Kavakli, Bossomaier, Cooper)

Cognitive Modeling of Computer Game Pidgins ($75K)

2005 Macquarie University Research Infrastructure Block Grant
(Kavakli, Watters, Richards, Burke, Szilas, Leslie)

Virtual Reality Engine($58K)

ICS Major Equipment Grant ($90K)

Virtual Reality Lab

2005 Safety Net Grant, Macquarie University (Kavakli)

Face Detection Through Sketching in Virtual Reality ($19K)

2004 ICS Research Startup Grant (Kavakli)

Interactive Sketching in Virtual Reality, Macquarie University ($6K)

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Division of Information &
Communication Sciences

Department of Computing
Interactive Systems &
Virtual Reality
Research Group

» Virtual Reality LAB
— Virtual Reality
— Interactive Systems
— Computer Games
— Computer Graphics

29 active members including:
12 Full-time staff members
8 Full-time Postdocs and Postgrads
4 Part-time research associates

5 Honours students

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Our VR
Infrastructure

# 3

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Our Research Projects

« Training Simulations for Risk Management

« Virtual Reality Systems for Crime Prevention

« Virtual Reality Engine

« An Interactive Drama Engine in Virtual Reality

« Interactive Storytelling

« Rehabilitation in Virtual Reality

« Virtual Sketchpad & Interactive 3D Sketching in Virtual Reality
« Face Recognition and Reconstruction

« Gesture Recognition

« Behavioral Modeling and Simulation

« Behavioral Biometrics

* Animations

« Cognitive Modeling of Computer Game Pidgins

« Risk Analysis and Decision Strategies in Gameplay
« Game Master

« Game Engineering

« Agent Interaction in Games

o Usgbility Analzsis and User Interfgce Design

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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ARC Discovery Grant 2005-2008

DP0558852 Risk Management using Agent-Based Virtual
Environments (Richards, Kavakli, Dras)

aim: to develop techniques in the areas of knowledge
acquisition, cognitive modeling and language generation to
enable building training simulations that will assist the transfer of
tacit knowledge in the area of risk management.

we focus our scenarios in the Police domain considering risks
associated with crime and terrorism.

The training environment will be created using game and virtual
reality technology.

— Using these virtual environment technologies we are able to
produce less expensive and more accessible systems that allow
increased control of the environment together with increased
ecological validity (degree of relevance to the real world).

iSVR: Interactive Systems and Virtual Reality Research Group 2005

ARC Linkage International Grant 2005-2006

LX0560117 An interactive drama engine in virtual reality
(Kavakli, Pelachaud, Szilas)

Aim: building an Interactive Drama Engine that will provide the
user with an interactive dramatic experience in a virtual world.
In hypertext and computer games, although the narrative is
generally limited to a graph of possibilities predetermined by an
author in the storyline.

In this project, we explore the theories and the techniques to
improve the characteristics of interactive narrative in the delivery
of arts and provide a fully immersive experience to the user.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Interactive Drama

¢ Macquarie University RIBG Grant 2005-2006

« Virtual Reality Engine (Kavakli, Watters, Richards, Szilas,
Burke, Leslie) 2005-2006

« The requested virtual reality equipment will be used in the
development of a Virtual Reality (VR) Engine.

* The researchers from various departments (e.g., Computing,
Psychology, Statistics, and Media) will have access to the
infrastructure located at the VR Centre.

« The VR Engine has a modular system architecture to connect

VR hardware and software in a very flexible way, to provide the

proper setting for each individual project.

It integrates a projection system, game engines, motion tracking

system, CAD packages, and databases with project-specific VR

infrastructure.
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* ARC Linkage Grant 2002-2006

« LP0216837 Cognitive Modelling of Computer Games -
Pidgins (Kavakli, Bossomaier, Cooper) VR Englne

» This project models the way human users exploit languages in
virtual environments and develops a pidgin language for

computer games. . o ) .
« The proiect phases consists of: The System consists of the Visualization Engine (client) and Image Database
" proj i p L ) . . (server), asshown in Figure 5. They are communicating via Hyper-Text Transfer
~ investigating semiotics in verbal expressions by analysing the Protocol (HTTP). The business end of the Visudization Engine s the Projection
cognitive activity of game players during game-play by means of Sphere, which comprises a 3D image via dataprojectors, aspherical projection

protocol analysis methods. surface and avideo tracking system
exploring cognitive actions involved in game-play .

exploring the interdependency between cognitive actions

— modelling cognitive processes to implement artificial agents in
computer games

=[]
— developing a pidgin language for communication based on this
cognitive model
— developing markup for this language to include emotional states < Q @

(agitation, anger, exuberation).
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Macquarie University Start Up Grant 2004

HANDS AS DYNAMIC INPUT DEVICES FOR INTERACTIVE 3D
SKETCHING & MODELLING within Virtual Reality (Kavakli)

« Aim: to develop a prototype for a Virtual Reality (VR) interface to
recognise simple hand gestures and build an interactive 3D
model of a sketch drawn by the user.

« The VR system provides a "3D sketch pad" and the designer

has the benefit of a stereo image.

— The interface to be developed will recognize hand-gestures of the
designer, pass commands to a 3D modeling package via a motion
recognition system, produce the 3D model of the sketch on-the-fly,
and generate it on a head mounted display.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Projection
cube

“VR Engine” will develop a 3D
projection system. This comprises
two data projectors, with the images
overlapped to create a 3D effect.
Through “key correction” software
we are able to project this onto a
curvilinear space. This can either
be linked to the projection “cube”
model, or by designing a spherical
projection room in which the viewer
inferacts with the objects in the
eum.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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VIRTUAL HAND

The proposed VR system provides the user with the ability of

using his/her hands as dynamic input devices for interactive 3D

sketching within virtual reality (VR).

The project describes a novel user interface in which a designer

defines the contour of a sketch by controlling a pointer using a

pair of data gloves in 3D space.

Both the data gloves and the pointer incorporate 3D position

sensors so that drawing primitives entered are recreated in real
_time on a head mounted display worn by the user.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Face Detection and Reconstruction Using Forensic Arts and
Virtual Reality Technology (Kavakli & Watters) 2006-2009
Some of the proposed post-Septemberl1 uses of facial
identification systems in immigration and airport security have been
welcomed without clearly evaluating their effectiveness and without
weighing the potential harms involved with its use.

Aim: to improve the accuracy rate in face identification with different
facial expressions and features.

Combining 2D and 3D face data and finding the primitives of a
generic face, we will develop novel face identification techniques
based on visual cognition and test their performance with the
implementation of an intelligent virtual reality interface in the
detection of criminals based on forensic evidence.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Macquarie University Safety Net Grant 2005

Face Detection through interactive sketching in virtual reality
(Kavakli)

« Aim: developing and testing the 3D sketchpad prototype for the face
detection of criminals in a Police database using sketches.

« the grammar of sketches: facial features.

« Thus, the proposed VR system will allow a police officer to sketch the
face of a suspect from the verbal descriptions of eye-witnesses and
generate the 3D model of the suspect to be displayed on a head
mounted display worn by the officer.

— The model produced will be projected to a computer screen or a digital
wall to get the eye-witness’ comments on the facial features of the
suspect throughout sketching.

— The completed model of the suspect will be fed to a criminal database to
find a match.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Macquarie University New Staff Research Grant 2005-2006
Gesture Recognition and Motion Capture as a Precursor for
Behavioral Biometrics (Kavakli)
Behavioural protocols require the presentation and recognition
of cues that express social relations between humans. Any
intelligent agent must be able to detect and process the social
cues to be able to operate in a social context in a virtual
environment.
Aim: to explore how to produce realistic representations of
avatars simulating natural motions based on behavioural
protocols, investigating social cues, and then, to produce
personality and emotion models in order to use them in personal
identification as a part of behavioural biometrics.
We will specifically focus on the representation of the manner of
walking and gait recognition, since gait information is one of the
ost appropriate methods in behavioural biometrics.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Future Projects:
Telepresence

« The ability to directly interact (often via computer mediation)
with a physically real remote environment from the first or
second person point of view.

« There are no restrictions on where the remote environment
can be, or how large the remote interface device is.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Augmented
Reality

%
% /

¢ A type of virtual reality in which
— additional information,
— otherwise imperceptible to the human system
— is made perceptible and

— registered with the display of the physical
world.

iSVR: Interactive Systems and Virtual Reality Research Group 2005
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Future Projects:
Augmented Reality

» Focuses on enriching the natural environment open e Soeser Fe o el
« Extra information is displayed on a HMD ﬂx ("
% 9 ( Plyer 1 .

I+ ( / /3
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Future projects:
Military/Space Sims

*VR provides the potential for completely
customized, individualized learning.

l ¢ VR is already being used in
sohe - to teach people how to use
- expensive equipment, or
- when the cost of a mistake in Reality
- is very high.
T « aircraft simulators to train pilots.
« military applications.
— current hardware for VR and
— simulation makes the experience
— seem more real or plausible.

Gowesor
Controser
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Future Projects: Remote
Robotics

- Suppose you had a robot that had arms and hands modeled after
those of humans. It could have two video cameras where we have
eyes.

- You could be wearing a head mounted display and see what the
robot sees in real time. If your head, arm, and hand motions are
sensed and replicated in the robot, for many applications you
could be where the robot is without really being there.

- This could be useful and worth all the trouble in situations where
you can't physically go, or you wouldn't be able to survive.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

Future Projects:
Distributed collaboration

— VR is being employed to allow
geographically distributed people
to work together than simply
hear and see each other as
allowed by telephone or
videoconferencing.

— For example, the military is using
VR to create virtual battles.

- Scientists at NASA/Ames

- Imagine being able to walk
around a new aircraft design as
it's in a simulated a wind tunnel.

- VR can be used to "see" things
humans can't normally see, like
air flow, temperature, pressure.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

The robot also doesn't need

to model a human exactly.

It could be made larger and stronger to perform more physical
labor than you could, or it might be smaller to fit into a pipe you
couldn't.

Remote robotics could also be a way to project a special
expertise to a remote site quicker than bringing a person there.
Sqn&e law enforcement and military applications also come to
mind.

iSVR: Interactive Systems and Virtual Reality Research Group 2005

« three networked users at different locations (anywhere in the
world) meet in the same virtual world by using a BOOM
device, a CAVE system, and a Head-Mounted Display,
respectively.

— All users see the same virtual environment from their points.
— Each user is presented as a virtual human (avatar).
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Conclusion

VR carries the risk of changing our mental models making the
borders between virtual and actual unclear.

Research on VR systems requires a deep knowledge of human
physiology, perception, and cognition, as well as computer
engineering.

Regarding the interface design, a shift from the needs of symbol
processors to the needs of humans is essential to be able to
understand the cognitive and behavioral effects of virtual reality.

http://www.comp.mg.edu.au/~isvr
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