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» Convince the participants that they are in another
place
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* Participants' sensory inputs are replaced with
synthetic information

» Participants are put in the loop of a real-time
simulation
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» Participants' tasks are shifted from cognitive to
perceptual activities

* The correlation between manipulation and effect
on manipulated information is increased
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* Input devices

- Sense participants motion
» Output devices

- Replace participants' sensory input
* Reactive applications

- Immediate response to participants' action
- Simulation of the virtual world
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SENSORY FEEDBACK
SENSING REACTIVE
—— ENGINE

VIRTUAL WORLD
MODEL
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* lvan Sutherland, 1965
+ Alan Kay, 1969

* The DeskTop is a virtual environment!
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The DeskTop Virtual :
Environment
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The Desktop Virtual "
Environment

+ 2D motion sensing
* 2D image, visual feedback

+ Continuous two-way man-machine
communication

* Physical metaphors, visibility of operations
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+ eed for temporal-spatial realism
+ eed for new input devices
- motion sensin
+ eed for new output devices
- epth cues to help perception
» eed for new interaction metaphors

- anipulation of information
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» Head tracking for viewpoint specification
* Hand tracking for manipulation
A Virtual Reality Cookbook

J.F. Balaguer, E. Gobbetti




+ Absolute position and orientation
tracking

* Magnetic tracker
* pdate rate
- with one sensor
* Accuracy
- decreases with sensor-emitter distance
-at cm from source
cm in translation

°in orientation
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* Polhemus tracker

* Finger fle ion sensors
- °resolution

* pdate rate
- in erdata

- in er and transform data
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NOISE
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» Measurement: 0-150 ms
* Transmission IPC : 10-50 ms

* Processing and feedback generation delays are
dependent on the application
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+ ittering of images

* Lag between participants' motion and sensory
feedback
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* se better trackers
* Smoothing

* Speed-up applications
- aster trac ers
- aster machines
- arallel processin pipe-line

* Prediction
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» Simple low-pass filters increase delays
» Simple predictors increase noise
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FILTER A LICATION

NOISE 41

NOISE
MODEL
SYSTEM MODEL
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» Ma imum likelihood estimates for Gaussian
noises

+ eigthed least s uare estimate for non-Gaussian
noises
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ESTIMATION REDICTION

—=X X K.Y hX ti—sX X fX tt

1 !

OBSERVATION SYSTEM
MODEL MODEL

* The Kalman gain determines the influence of the
residual in updating the estimate
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» Choose state variables
* Define the random process models

- System process
- servation process

» Find optimal values of the model parameters
- easure device noise

- inimi e filter's error on trainin data
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* Their behavior is variable and depends on the
tasks
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» Each state represent a particular well-defined
behavior

-loo in -around o servin manipulatin etc
» Each state has its own filter

* The correct filter is chosen based on the
prediction error
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» Compute longer output generation delay
* se longest delay for input prediction

» Compensate difference in output delays by using
lead times
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+ isual feedback
» Sonic feedback
* Force feedback
» Tactile feedback
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» Should provide cues for depth perception
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* Help reconstruction of shapes

* Perceived image changes when the viewer
changes position

* Images perceived by left and right eyes for a
given point differ in their horizontal position

A Virtual Reality Cookbook J.F. Balaguer, E. Gobbetti




41

* Far ob ects appear smaller than close ob ects

* Far ob ects are hidden by closer ob ects on the
line of sight
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» Coordinated rotation of eyes when focusing on
an ob ect in space

» Muscular tension needed to ad ust the focal
length of the crystalline lens to focus on an
ob ect in space
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* Perspective
* Hidden surface removal
+ asic shading
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» Compute the left and right images from different
positions

» Allows the simulation of relative motion

* Decoupled accommodation and convergence
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» Difference between the vertical coordinates of
homologous points
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* Rotate scene around  a is to simulate eye
convergence

it
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Rotations and Perspective

* Introduces non constant vertical paralla

v
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Rotations and Perspective

—
»
»
* on planar stereo o
window introduces
distortion
"
o
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* 0 vertical paralla

« Stereo window is planar and
coincides with pro ection plane
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» CrystalEyes

* EyePhones
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« indow s fi edin space e m——
« Software must precisely V
model hardware
configuration

« Software must take into
account user's IPD

A Virtual Reality Cookbook J.F. Balaguer, E. Gobbetti




57

—\

» Software must take
into account l

observer's motion ‘

* iewing volumes

must be
recomputed
continuously 7
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Distortion caused by
head motion and fi ed
horizontal paralla

Paralla changes
with head motion
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+ on see-through HMD
* Polhnemus magnetic tracker
* LCD screens
- color pi els
* LEEP optics

- ori ontal field of view
Sin le eye verlapped inocular
- ertical field of view
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» Provide a basis for constructing R applications

* Allow e perimentation of D interaction
techni ues
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ARTICI ANT
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ARTICI ANT
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-

* Encapsulation of input devices
- ata love Space all ead rac er
* Filtering of device data
« Generation of event messages at specified rates
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ARTICI ANT

* Encapsulation of output devices

- Renderin on raphics wor stations | | output play ac
of prerecorded sound

* Qutput is triggered by messages from the
application process
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A LICATION
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VIRTUAL WORLD
MODEL
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« Simulation of the evolution of the synthetic world
- Immediate response to events from input processes

- ust ensure world's model coherence
* Providing of interaction metaphors
* Generation of appropriate sensory feedback
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ARTICI ANT A LICATION

o —pe

* The virtual world model is updated in response to
events coming from input processes

* A change propagation mechanism is responsible
of obtaining a coherent evolution
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» should allow the specification of general
dependencies between ob ects

- multi-way relationships

» should permit triggering of output operations

» should ensure the responsiveness of the
interface
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» Constraints are used to maintain relationships
between ob ects

- eclarative
» All computation is performed by constraints
- §Si nment is also a constraint

* The evolution of the model is obtained by adding
or removing constraints

- Imperative

A Virtual Reality Cookbook
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* Active ariables
- store the state of the system

* Hierarchical Constraints

70

- declaratively represent multi-way relationships etween

active varia les introducedin hin a |l

» Daemons

- react to varia le chan es for imperatively se uencin

etween system states
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* Maintains its value

» Maintains a lists of dependents

* Keeps track of its state changes

» Can maintain the history of its past values
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* Declarative part
- the set of constrained varia les
* Imperative part

- the set of methods that could e used to enforce the
constraint

* Priority

- defines the order in which constraints need to e satisfied in
case of conflict
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» Declarative part
- the set of varia les thattri er the daemon's e ecution
* Imperative part

- the code that has to e e ecuted when a varia le chan e
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* E ample
- pper lo al transf parent lo al transfor else Identity transf

» Allows the definition of indirect constraints and daemons
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« State: active variables
 ehavior: constraints
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* Keep the constraint network up-to-date
» Trigger daemon e ecution
* Maintain indirect paths and variables' history
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« Activation and deactivation of constraints
- pdatin of the constraint raph
* Activation and deactivation of daemons

- Re isterin of dependencies
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* Sky lue algorithm Sannella, 199
- ocal propa ation
heuristic search of the est constraint raph

ethod selection purely ased on constraint priorities

imited to acyclical constraint raphs
- Separate plannin and evaluation phases

* Lazy evaluation
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* Mapping between sensor measurements and

actions in the virtual world

* Defined using constraints and daemons
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ARTICI ANT

A LICATION

* Interaction constraints relate sensors' active

variables to variables in the model
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* The mapping is learned from e amples
* Increases device e pressiveness

* The mapping can be adapted to preferences of
the user
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* The adaptive pattern recognizer is a constraint
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* Preprocessing
- ilterin accumulation
« E traction of a feature vector

- eatures reduce varia ility within a class and enhance
separation etween classes

« Classification

- omparison with e amples parametric and non-parametric
statistical classification neural networ s
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* Important mean of non-verbal communication

* Allows the simultaneous specification of
categorical and uantitative information
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* A posture is a stable hand configuration
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* A gesture is a path of the hand done while
maintaining the fingers in the same posture
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» Gestural input and direct manipulation
- artial solutions to the interaction pro lem

- articipant must now what can e manipulated and how to
manipulate it

*» Mediator ob ects

- elp understand a model's ehavior and interaction
metaphors

- resent a selective view of model's information

- ffer the interaction metaphor to control it
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* Provide information about the tool's behavior

» Offer visual semantic feedback during
manipulation

* Articulated structure
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+ Maintain consistency between visual appearance
and manipulated information

+ Allow information editing through a physical
metaphor

* Internal constraint network
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* Manipulation of different parts of model's information

» Manipulation of same parts of model's information
with different interaction metaphors
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* inding

- ound active varia le

References the manipulated >
model F
- indin constraints
1

ulti-way relations

se indirect path to reference

model's varia les N\

1
« Second order control — —
- ensure simultaneous
activation deactivation of indin
constraints
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» Gestural input
- initiate and terminate manipulation
selection deselection of tool's parts
activation deactivation of a motion control constraint
* Information transformation

- evice sensor values propa ate throu h the tool's
constraint networ

- articipant's motion results in model's information chan es
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» Definition of more comple tools
- reuse of a straction
» Enforce interface consistency

- rapid perception of possi le actions
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» Ob ect-Oriented, written in Eiffel, composed of
more than 500 classes

* Runs on Silicon Graphics workstations

« Comple applications with thousands of
variables and constraints can run at interactive
speeds
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» lvan Sutherland, The Itimate Display, 1965.
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