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Presentation OverviewPresentation Overview

•• Working in a virtual worldWorking in a virtual world

•• Interaction principlesInteraction principles

•• Interaction examplesInteraction examples
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Why VR in the First Place?Why VR in the First Place?

• Direct perception and manipulation of three-
dimensional virtual-objects

• Intuitive view specification via head-tracking

—Decouples view-point specification

—Kinetic depth effect (Hans Wallach)

• Immersion within the virtual space

•• Direct perception and Direct perception and manipulationmanipulation of three- of three-
dimensional virtual-objectsdimensional virtual-objects

•• Intuitive view specification via head-trackingIntuitive view specification via head-tracking

——DecouplesDecouples view-point specification view-point specification

——Kinetic depth effect (HansKinetic depth effect (Hans Wallach Wallach))

•• Immersion within the virtual spaceImmersion within the virtual space
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Immersive Virtual EnvironmentsImmersive Virtual Environments

• Head-mounted display

• Tracking System

• Image Generator

• Additional sensory feedback

—Haptic displays

—2D or 3D localized sound

•• Head-mounted displayHead-mounted display

•• Tracking SystemTracking System

•• Image GeneratorImage Generator

•• Additional sensory feedbackAdditional sensory feedback

——HapticHaptic displays displays

——2D or 3D localized sound2D or 3D localized sound
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Technological challengesTechnological challenges

• Display resolution/field-of-view

• Real-time tracking

• Real-time image generation

• Ergonomic Issues

•• Display resolution/field-of-viewDisplay resolution/field-of-view

•• Real-time trackingReal-time tracking

•• Real-time image generationReal-time image generation

•• Ergonomic IssuesErgonomic Issues
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Less Obvious FactorsLess Obvious Factors
• The precise manipulation of virtual objects is hard!

—Lack of haptic feedback

—Limited input information

—Limited precision

• IVEs lack a unifying framework for integration

—Not the real world

—Not for WIMPs

»(Window, Icons, Menus, Pointing devices)

•• The precise manipulation of virtual objects is hard!The precise manipulation of virtual objects is hard!

——Lack ofLack of haptic haptic feedback feedback

——Limited input informationLimited input information

——Limited precisionLimited precision

•• IVEsIVEs lack a unifying framework for integration lack a unifying framework for integration

——Not the real worldNot the real world

——Not forNot for WIMPs WIMPs

»»(Window, Icons, Menus, Pointing devices)(Window, Icons, Menus, Pointing devices)
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What can you do?...What can you do?...
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Pick the right application!Pick the right application!

• Best suited for visualization of, and interaction
with:

—Complex three-dimensional data

—Models of what is, or could be

•• Best suited for visualization of, Best suited for visualization of, andand interaction interaction
with:with:

——Complex three-dimensional dataComplex three-dimensional data

——Models of what is, or could beModels of what is, or could be
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Compensate for the LimitationsCompensate for the Limitations

• A relatively new medium—treat it as such

• Take advantage of natural forms of interaction

• Explore the “supernatural”

• Minimize user energy

• Use what you have, e.g.,

—physcial objects

—your own body sense...

•• A relatively new medium—treat it as suchA relatively new medium—treat it as such

•• Take advantage of natural forms of interactionTake advantage of natural forms of interaction

•• Explore the “supernatural”Explore the “supernatural”

•• Minimize user energyMinimize user energy

•• Use what you have, e.g.,Use what you have, e.g.,

——physcialphyscial objects objects

——your own body sense...your own body sense...
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ProprioceptionProprioception & Body-Relative & Body-Relative
InteractionInteraction

• Take advantage of a person’s body sense

—Physical real-world frame of reference

—More direct and precise sense of control

—“eyes off” interaction

• Three forms of body-relative interaction (Mine, 97)

—Direct manipulation

—Physical mnemonics

—Gestural actions

•• Take advantage of a person’s body senseTake advantage of a person’s body sense

——Physical real-world frame of referencePhysical real-world frame of reference

——More direct and precise sense of controlMore direct and precise sense of control

——“eyes off” interaction“eyes off” interaction

•• Three forms of body-relative interaction (Mine, 97)Three forms of body-relative interaction (Mine, 97)

——Direct manipulationDirect manipulation

——Physical mnemonicsPhysical mnemonics

——GesturalGestural actions actions
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PrinciplesPrinciples
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How do we interact with virtualHow do we interact with virtual
environments?environments?

• Basic forms of interaction with a virtual environment:

—User movement

—Object selection & manipulation

—Menus/Widgets/Controls

•• Basic forms of interaction with a virtual environment:Basic forms of interaction with a virtual environment:

——User movementUser movement

——Object selection & manipulationObject selection & manipulation

——Menus/Widgets/ControlsMenus/Widgets/Controls
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What can we use to implement theseWhat can we use to implement these
forms of interaction?forms of interaction?

• Direct user interaction

• Props and controls

—Physical

—Virtual

•• Direct user interactionDirect user interaction

•• Props and controlsProps and controls

——PhysicalPhysical

——VirtualVirtual
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Direct User InteractionDirect User Interaction

Specify type of interaction and its parameters
through:

• Head/hand (feet...) pose (position and orientation)

• Relative position and orientations of head/hands

• Gestures

Specify type of interaction and its parametersSpecify type of interaction and its parameters
through:through:

•• Head/hand (feet...) pose (position and orientation)Head/hand (feet...) pose (position and orientation)

•• Relative position and orientations of head/handsRelative position and orientations of head/hands

•• GesturesGestures
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Tradeoffs (Direct User Interaction)Tradeoffs (Direct User Interaction)

• Most effective when the relationship between the
action of the user and the result in the virtual
environment is intuitive

• Accurate precise interaction limited by:

—Lack of haptic feedback

—Tracking noise, or geometric sensitivity

—Limited input device design

•• Most effective when the relationship between theMost effective when the relationship between the
action of the user and the result in the virtualaction of the user and the result in the virtual
environment is intuitiveenvironment is intuitive

•• Accurate precise interaction limited by:Accurate precise interaction limited by:

——Lack ofLack of haptic haptic feedback feedback

——Tracking noise, or geometric sensitivityTracking noise, or geometric sensitivity

——Limited input device designLimited input device design
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Props and ControlsProps and Controls

• Physical

—General: buttons, dials, sliders, joysticks

—Specific: steering wheels, fire extinguisher

• Virtual

—Almost anything goes

•• PhysicalPhysical

——General: buttons, dials, sliders, joysticksGeneral: buttons, dials, sliders, joysticks

——Specific: steering wheels, fire extinguisherSpecific: steering wheels, fire extinguisher

•• VirtualVirtual

——Almost anything goesAlmost anything goes

Overview Principles ExamplesOverviewOverview PrinciplesPrinciples ExamplesExamples



Johns Hopkins Department of Computer Science
Course 600.460: Virtual Worlds, Spring 2000, Professor: Jonathan Cohen

Tradeoffs (Props and Controls)Tradeoffs (Props and Controls)

• Physical

—Haptic feedback, precise control

—Can get “lost”, may not facilitate natural
interaction, requires the real device

• Virtual

—Flexible, reconfigurable, can simulate anything

—Difficult to interact with w/o haptic feedback

•• PhysicalPhysical

——HapticHaptic feedback, precise control feedback, precise control

——Can get “lost”, may not facilitate naturalCan get “lost”, may not facilitate natural
interaction, requires the real deviceinteraction, requires the real device

•• VirtualVirtual

——Flexible,Flexible, reconfigurable reconfigurable, can simulate anything, can simulate anything

——Difficult to interact with w/oDifficult to interact with w/o haptic haptic feedback feedback
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Movement: why is it difficult?Movement: why is it difficult?
What can we do about it?What can we do about it?

• We usually don’t move about freely in 3D

• Constrain motion as appropriate

—Translation only

—Sliding only

—Terrain following

—River metaphor

•• We usually don’t move about freely in 3DWe usually don’t move about freely in 3D

•• Constrain motion as appropriateConstrain motion as appropriate

——Translation onlyTranslation only

——Sliding onlySliding only

——Terrain followingTerrain following

——River metaphorRiver metaphor
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Typical Methods (Movement)Typical Methods (Movement)

To move around we need to specify a direction and
a speed.  Straightforward methods include:

• Walk in place or within a limited volume

• Use an appropriate, intuitive physical device

—Bike, treadmill, wheelchair, steering wheel and
accelerator, etc.

• Joysticks or mice

To move around we need to specify a direction andTo move around we need to specify a direction and
a speed.  Straightforward methods include:a speed.  Straightforward methods include:

•• Walk in place or within a limited volumeWalk in place or within a limited volume

•• Use an appropriate, intuitive physical deviceUse an appropriate, intuitive physical device

——Bike, treadmill, wheelchair, steering wheel andBike, treadmill, wheelchair, steering wheel and
accelerator, etc.accelerator, etc.

•• Joysticks or miceJoysticks or mice
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FlyingFlying

Most often used method of movement is flying.
Direction can be indicated by:

• Pointing

• Crosshairs

• Gaze-directed

• Two-handed (later)

Most often used method of movement is flying.Most often used method of movement is flying.
Direction can be indicated by:Direction can be indicated by:

•• PointingPointing

•• CrosshairsCrosshairs

•• Gaze-directedGaze-directed

•• Two-handed (later)Two-handed (later)
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Speed ControlSpeed Control

Speed can be:

• Constant or accelerating over time

—Proper rate of acceleration

—Cap on speed

• Related to head/hand/chest-to-hand distance

—Linear

—Zones: decelerate, constant, accelerate

Speed can be:Speed can be:

•• Constant or accelerating over timeConstant or accelerating over time

——Proper rate of accelerationProper rate of acceleration

——Cap on speedCap on speed

•• Related to head/hand/chest-to-hand distanceRelated to head/hand/chest-to-hand distance

——LinearLinear

——Zones: decelerate, constant, accelerateZones: decelerate, constant, accelerate
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Novel Methods of MovementNovel Methods of Movement

Innovative techniques that lack real world
equivalents:

• Scaled-world grab

• Orbital mode

• Worlds-in-Miniature (WIM)

• Dynamic scaling

Innovative techniques that lack real worldInnovative techniques that lack real world
equivalents:equivalents:

•• Scaled-world grabScaled-world grab

•• Orbital modeOrbital mode

•• Worlds-in-Miniature (WIM)Worlds-in-Miniature (WIM)

•• Dynamic scalingDynamic scaling
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Object SelectionObject Selection

We want to be able to select a specific object or
objects to interact with in a VE.

There are usually three stages to selection:

• User indicates which object is to be selected

• VE system indicates what object it thinks the user
wants selected

• The user confirms the selection

We want to be able to select a specific object orWe want to be able to select a specific object or
objects to interact with in a VE.objects to interact with in a VE.

There are usually three stages to selection:There are usually three stages to selection:

•• User indicates which object is to be selectedUser indicates which object is to be selected

•• VE system indicates what object it thinks the userVE system indicates what object it thinks the user
wants selectedwants selected

•• The user confirms the selectionThe user confirms the selection
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Indicating Which ObjectIndicating Which Object

The most difficult part of selection is providing
the means for easy and accurate indication of
the desired object.

• Voice commands or menus

• Grabbing locally or in a World-in-Miniature

• Action at a distance (AAAD)

—laser beam or spotlight

—occlusion selection

The most difficult part of selection is providingThe most difficult part of selection is providing
the means for easy and accurate indication ofthe means for easy and accurate indication of
the desired object.the desired object.

•• Voice commands or menusVoice commands or menus

•• Grabbing locally or in a Grabbing locally or in a World-in-MiniatureWorld-in-Miniature

•• Action at a distance (AAAD)Action at a distance (AAAD)

——laser beam or spotlightlaser beam or spotlight

——occlusion selectionocclusion selection
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Manipulating an ObjectManipulating an Object

We want to be able to efficiently and intuitively
manipulate objects in the VE.  Among other
things, we want to change an object’s:

• position

• orientation and center of rotation

• scale and center of scaling

These are all often done with direct interaction.

We want to be able to efficiently and intuitivelyWe want to be able to efficiently and intuitively
manipulate objects in the VE.  Among othermanipulate objects in the VE.  Among other
things, we want to change an object’s:things, we want to change an object’s:

•• positionposition

•• orientation and center of rotationorientation and center of rotation

•• scale and center of scalingscale and center of scaling

These are all often done with direct interaction.These are all often done with direct interaction.
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Considerations (Manipulation)Considerations (Manipulation)

Although it is intuitive, accurate, and efficient,
direct manipulation of objects is still very
difficult.  Designers must consider:

• Lack of haptic feedback

• Objects outside of reach or view

• Lack of precision (tracking data noise, whole hand
input, etc.)

Although it is intuitive, accurate, and efficient,Although it is intuitive, accurate, and efficient,
direct manipulation of objects is still verydirect manipulation of objects is still very
difficult.  Designers must consider:difficult.  Designers must consider:

•• Lack ofLack of haptic haptic feedback feedback

•• Objects outside of reach or viewObjects outside of reach or view

•• Lack of precision (tracking data noise, whole handLack of precision (tracking data noise, whole hand
input, etc.)input, etc.)
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Two-Handed ManipulationTwo-Handed Manipulation

VE systems often track and use only one hand, but
we are finding that two can be useful.

• Scaling

—Intuitive and proprioceptive

• Rotation

—How we rotate large objects in the real world

—Constrained manipulation via widgets

VE systems often track and use only one hand, butVE systems often track and use only one hand, but
we are finding that two can be useful.we are finding that two can be useful.

•• ScalingScaling

——Intuitive andIntuitive and proprioceptive proprioceptive

•• RotationRotation

——How we rotate large objects in the real worldHow we rotate large objects in the real world

——Constrained manipulation via widgetsConstrained manipulation via widgets
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Menus and WidgetsMenus and Widgets

Menus and widgets allow us to perform complex
functions and select between alternatives.

In designing these tools we should consider:

• Lessons from 2D menus

• Menu dimensionality vs. interaction task

• Menu and widget placement

• Technology limitations

Menus and widgets allow us to perform complexMenus and widgets allow us to perform complex
functions and select between alternatives.functions and select between alternatives.

In designing these tools we should consider:In designing these tools we should consider:

•• Lessons from 2D menusLessons from 2D menus

•• Menu dimensionalityMenu dimensionality vs vs. interaction task. interaction task

•• Menu and widget placementMenu and widget placement

•• Technology limitationsTechnology limitations
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Direct ManipulationDirect Manipulation

Distance and Body-RelativeDistance and Body-RelativeDistance and Body-Relative
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Action-at-a-Distance (Brown &Action-at-a-Distance (Brown &
others)others)

• Purpose: Remotely manipulate objects using a “laser
beam” for selection/interaction

—Interaction without movement

—Hand or object centered

—Optimal for motions perpendicular to beam

»other requires grab/drop sequences

—Inherent ambiguity in position specification

—Amplifies tracking system noise

•• Purpose: Remotely manipulate objects using a “laserPurpose: Remotely manipulate objects using a “laser
beam” for selection/interactionbeam” for selection/interaction

——Interaction without movementInteraction without movement

——Hand or object centeredHand or object centered

——Optimal for motions Optimal for motions perpendicular to beamperpendicular to beam

»»other requires grab/drop sequencesother requires grab/drop sequences

——Inherent ambiguity in position specificationInherent ambiguity in position specification

——Amplifies tracking system noiseAmplifies tracking system noise
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VideoVideoVideo

Bowman and Bowman and HodgesHodges, “An Evaluation of, “An Evaluation of
Techniques for Grabbing and ManipulatingTechniques for Grabbing and Manipulating
Remote Objects in Immersive VirtualRemote Objects in Immersive Virtual
Environments,” Environments,” Proceedings of 1997 SymposiumProceedings of 1997 Symposium
on Interactive 3D Graphics.on Interactive 3D Graphics.
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Working Within Arms Reach:Working Within Arms Reach:
Automatic ScalingAutomatic Scaling

Use for object manipulation and navigation

—Takes advantage of proprioception

—More direct mapping between hand motion and
object motion

—Stronger stereo & head-motion parallax cues

—Finer angular resolution

Use for object manipulation and navigationUse for object manipulation and navigation

——Takes advantage ofTakes advantage of proprioception proprioception

——More direct mapping between hand motion andMore direct mapping between hand motion and
object motionobject motion

——Stronger stereo & head-motion parallax cuesStronger stereo & head-motion parallax cues

——Finer angular resolutionFiner angular resolution
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Worlds-in-Miniature (UVA)Worlds-in-Miniature (UVA)
• Purpose: Move objects in immersive world by

manipulating miniature representations

—Brings virtual objects within reach

—Gross motion of objects through virtual space

—Multiple, simultaneous representations

—Does not solve problem of precise positioning

—Does not solve problems of visibility

• Combine with orbital mode for greater power

•• Purpose: Move objects in immersive world byPurpose: Move objects in immersive world by
manipulating miniature representationsmanipulating miniature representations

——Brings virtual objects within reachBrings virtual objects within reach

——Gross motion of objects through virtual spaceGross motion of objects through virtual space

——Multiple, simultaneous representationsMultiple, simultaneous representations

——Does not solve problem of precise positioningDoes not solve problem of precise positioning

——Does not solve problems of visibilityDoes not solve problems of visibility

•• Combine with orbital mode for greater powerCombine with orbital mode for greater power
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Orbital Mode (Chung)Orbital Mode (Chung)

• Head-pose interaction control

• Rapid orbital motion about a single object or groups
of objects

—Object of interest remains in front of the user

—Head rotation causes the view to orbit about the
object of interest

—No real-world analog yet highly effective

•• Head-pose interaction controlHead-pose interaction control

•• Rapid orbital motion about a single object or groupsRapid orbital motion about a single object or groups
of objectsof objects

——Object of interest remains in front of the userObject of interest remains in front of the user

——Head rotation causes the view to orbit about theHead rotation causes the view to orbit about the
object of interestobject of interest

——No real-world analog yet highly effectiveNo real-world analog yet highly effective
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Using PerspectiveUsing Perspective
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Image Plane Interaction (UVA,Image Plane Interaction (UVA,
Brown, UNC)Brown, UNC)

• User interacts with 2D projections of 3D objects

• Multiple applications

—object selection and manipulation

—navigation/motion

•• User interacts with 2D projections of 3D objectsUser interacts with 2D projections of 3D objects

•• Multiple applicationsMultiple applications

——object selection and manipulationobject selection and manipulation

——navigation/motionnavigation/motion
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The “Head Crusher” TechniqueThe “Head Crusher” Technique
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The “Sticky Finger” TechniqueThe “Sticky Finger” Technique
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The “Lifting Palm” TechniqueThe “Lifting Palm” Technique
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The “Framing Hands” TechniqueThe “Framing Hands” Technique
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VideoVideoVideo

Pierce, Pierce, ForsbergForsberg, et al., “Image Plane Interaction, et al., “Image Plane Interaction
Techniques in 3D Immersive Environments,”Techniques in 3D Immersive Environments,”
Proceedings of 1997 Symposium on Interactive 3DProceedings of 1997 Symposium on Interactive 3D
Graphics.Graphics.
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Scaled World Grab (Mine)Scaled World Grab (Mine)
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Interactive Numbers (Mine)Interactive Numbers (Mine)

• Alphanumeric input difficult in VE

—Chord keyboards: hard to learn and retain

—Virtual keyboards: lack haptic feedback

—Speech recognition: almost works

• Technique for numeric input from within

• Doubles up on control-panel space usage

• Susceptible to tracking-system noise

•• Alphanumeric input difficult in VEAlphanumeric input difficult in VE

——Chord keyboards: hard to learn and retainChord keyboards: hard to learn and retain

——Virtual keyboards: lackVirtual keyboards: lack haptic haptic feedback feedback

——Speech recognition: almost worksSpeech recognition: almost works

•• Technique for numeric input from withinTechnique for numeric input from within

•• Doubles up on control-panel space usageDoubles up on control-panel space usage

•• Susceptible to tracking-system noiseSusceptible to tracking-system noise
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PhysicalPhysical Mneumonics Mneumonics
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Pull-Down Menus (Mine)Pull-Down Menus (Mine)
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Pull-Down Menus (continued)Pull-Down Menus (continued)

• No need for a dedicated menu button

• No ongoing scene occlusion

• Uses a common operation (grab) for activation

• Menus are easy to find/remember

• Experimental success with 3

—up left, center, and right

•• No need for a dedicated menu buttonNo need for a dedicated menu button

•• No ongoing scene occlusionNo ongoing scene occlusion

•• Uses a common operation (grab) for activationUses a common operation (grab) for activation

•• Menus are easy to find/rememberMenus are easy to find/remember

•• Experimental success with 3Experimental success with 3

——up left, center, and rightup left, center, and right
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Interactive Numbers (Mine)Interactive Numbers (Mine)

• Alphanumeric input difficult in VE

—Chord keyboards: hard to learn and retain

—Virtual keyboards: lack haptic feedback

—Speech recognition: almost works

• Technique for numeric input from within

• Doubles up on control-panel space usage

• Susceptible to tracking-system noise

•• Alphanumeric input difficult in VEAlphanumeric input difficult in VE

——Chord keyboards: hard to learn and retainChord keyboards: hard to learn and retain

——Virtual keyboards: lackVirtual keyboards: lack haptic haptic feedback feedback

——Speech recognition: almost worksSpeech recognition: almost works

•• Technique for numeric input from withinTechnique for numeric input from within

•• Doubles up on control-panel space usageDoubles up on control-panel space usage

•• Susceptible to tracking-system noiseSusceptible to tracking-system noise
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Hand-Held WidgetsHand-Held Widgets

• Simplifies
interaction

• Remote control

• Visual clutter

• Obscuration

• Greater cognitive
distance

•• SimplifiesSimplifies
interactioninteraction

•• Remote controlRemote control

•• Visual clutterVisual clutter

•• ObscurationObscuration

•• Greater cognitiveGreater cognitive
distancedistance
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The Lego™ Interface Toolkit (Brown)The Lego™ Interface Toolkit (Brown)

• Inspired by UVA, ILM,
and Henson Productions

• Rotational, linear, and
push-button sensors

• Applied to air flow
simulations for NASA’s
Space Shuttle

•• Inspired by UVA, ILM,Inspired by UVA, ILM,
andand Henson Henson Productions Productions

•• Rotational, linear, andRotational, linear, and
push-button sensorspush-button sensors

•• Applied to air flowApplied to air flow
simulations for NASA’ssimulations for NASA’s
Space ShuttleSpace Shuttle
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GesturalGestural Actions Actions
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Head-Butt Zoom (Mine)Head-Butt Zoom (Mine)

• Head-pose interaction control

• Users frequently switched between
close-up detailed views and pulled-
back global views.

• Augment intuitive gesture of leaning
forward for a closer view.

• Hands free interaction.

•• Head-pose interaction controlHead-pose interaction control

•• Users frequently switched betweenUsers frequently switched between
close-up detailed views and pulled-close-up detailed views and pulled-
back global views.back global views.

•• Augment intuitive gesture of leaningAugment intuitive gesture of leaning
forward for a closer view.forward for a closer view.

•• Hands free interaction.Hands free interaction.
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Look-At Menus (Mine)Look-At Menus (Mine)
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VideoVideoVideo

Mine, Brooks, and Sequin, “Moving Objects inMine, Brooks, and Sequin, “Moving Objects in
Space: Exploiting Space: Exploiting Proprioception Proprioception in Virtualin Virtual
Environment Interaction,” Environment Interaction,” Proceedings ofProceedings of
SIGGRAPH 97.SIGGRAPH 97.
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Two-Handed InteractionTwo-Handed Interaction

• Intuitive form of interaction

—Dominant hand (DH) & non-DH (NDH)

• Proprioceptive feedback!

—Hand orientation

—Hand separation

—Relative hand position

• “1/2 the steps” of one-handed interaction

•• Intuitive form of interactionIntuitive form of interaction

——Dominant hand (DH) & non-DH (NDH)Dominant hand (DH) & non-DH (NDH)

•• ProprioceptiveProprioceptive feedback! feedback!

——Hand orientationHand orientation

——Hand separationHand separation

——Relative hand positionRelative hand position

•• “1/2 the steps” of one-handed interaction“1/2 the steps” of one-handed interaction
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2-Handed Object Transformations2-Handed Object Transformations
(Brown & SGI)(Brown & SGI)

• Translate & rotate

• Scaling

• Vertex, Face, Edge editing
and manipulation

•• Translate & rotateTranslate & rotate

•• ScalingScaling

•• Vertex, Face, Edge editingVertex, Face, Edge editing
and manipulationand manipulation
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Other 2-Handed TechniquesOther 2-Handed Techniques

• Camera Controls

—Camera and object manipulation

—Position, orientation, zoom

• Editing Operations

—Line segments, polylines

—Interactive shadows

—Grouping, ungrouping, duplication

•• Camera ControlsCamera Controls

——Camera and object manipulationCamera and object manipulation

——Position, orientation, zoomPosition, orientation, zoom

•• Editing OperationsEditing Operations

——Line segments,Line segments, polylines polylines

——Interactive shadowsInteractive shadows

——Grouping, ungrouping, duplicationGrouping, ungrouping, duplication
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Video (if time permits)Video (if time permits)Video (if time permits)

ZeleznikZeleznik, , ForsbertForsbert, and Strauss, “Two Pointer, and Strauss, “Two Pointer
Input for 3D Interaction,” Input for 3D Interaction,” Proceedings of 1997Proceedings of 1997
Symposium on Interactive 3D Graphics.Symposium on Interactive 3D Graphics.
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Two-Handed FlyingTwo-Handed Flying
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Over-the-Shoulder Deletion (Mine)Over-the-Shoulder Deletion (Mine)
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Constrained ObjectConstrained Object
Manipulation (Mine)Manipulation (Mine)
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Constrained Object ManipulationConstrained Object Manipulation

• Similar spirit as 2D draw constraints

• Purpose: Controlled object manipulation

—Allows for greater control of object manipulation

—Requires constrained motion modes or free motion
plus object snap functions

• Object’s degrees-of-freedom reduced via:

—Menu selectable interaction modes

—Widgets

•• Similar spirit as 2D draw constraintsSimilar spirit as 2D draw constraints

•• Purpose: Controlled object manipulationPurpose: Controlled object manipulation

——Allows for greater control of object manipulationAllows for greater control of object manipulation

——Requires constrained motion modes or free motionRequires constrained motion modes or free motion
plus object snap functionsplus object snap functions

•• Object’s degrees-of-freedom reduced via:Object’s degrees-of-freedom reduced via:

——Menu selectable interaction modesMenu selectable interaction modes

——WidgetsWidgets
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TradeoffsTradeoffs

• Widget design complicated by:

—Affordances, cues, feedback, etc.

—Visibility and reachability big problems

—Visual clutter

• Constraints must be overridable with reset

•• Widget design complicated by:Widget design complicated by:

——AffordancesAffordances, cues, feedback, etc., cues, feedback, etc.

——Visibility andVisibility and reachability reachability big problems big problems

——Visual clutterVisual clutter

•• Constraints must beConstraints must be overridable overridable with reset with reset
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Early VersionsEarly Versions

• Based on early widget work at Brown University

—Widgets co-located with objects

• VR Version

—Difficult to select

—Difficult interaction

—Non-intuitive affordances

•• Based on early widget work at Brown UniversityBased on early widget work at Brown University

——Widgets co-located with objectsWidgets co-located with objects

•• VR VersionVR Version

——Difficult to selectDifficult to select

——Difficult interactionDifficult interaction

——Non-intuitiveNon-intuitive affordances affordances
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