The Responsive WorkbenchPat HanrahanBernd Froehlich, Wolfgang Krueger,Maneesh Agrawala, Andrew Beers, Larry Cutler,Cary KornfeldComputer Graphics LaboratoryStanford Universityhttp://www-graphics.stanford.edu/

Copyright 1996 Pat HanrahanDisplay SystemsImmersive stereo displaysnHMDnBOOMAugmented stereo displaysnSee-through HMDnCAVEnResponsive Workbench

nHolographic displaysn�Volumetric Hyper-Reality� (Gavin Miller)

Copyright 1996 Pat HanrahanTotal Immersion: BOOM

Copyright 1996 Pat HanrahanTotal Immersion: HMD

Copyright 1996 Pat HanrahanResponsive WorkbenchA high resolution table-top stereo display system with real-time head and hand tracking to support natural interaction with 3D environments

Copyright 1996 Pat HanrahanComponentsHardware Output: 1025x768 96Hz (48Hz per eye)nHigh performance 3d graphics engine (SGI RE2)nHigh scan rate projector (Electrohome 8000)nShutter glasses for stereo (Crystal Eyes) InputnHead and hand 6d trackers (Polhemus FASTRAK)nPinchGlove (Fakespace) and stylus (Polhemus)SoftwarenPerformer 2.0nRWB library and drivers

Copyright 1996 Pat HanrahanDesign MotivationTargetted applicationsnUrban and campus planning (architects)nSurgical simulation (doctors)nScientific visualization (engineers and scientists)nMuseum exhibit spaceTask-drivennWorkbench metaphornCollaborative group situations

Copyright 1996 Pat HanrahanSpecific ApplicationsArchitecturenVirtual site model (GMD, Stanford)n4D-Cad (Fischer)nKit of partsGeographic information visualizationnDynamic mapsnAir traffic patterns (Bill Eddy)Scientific visualizationnVirtual windtunnel (NASA)nEngine combustion (Daimler Benz)nVirtual patient

Copyright 1996 Pat Hanrahan

Copyright 1996 Pat Hanrahan

Copyright 1996 Pat Hanrahan

Copyright 1996 Pat HanrahanEffective 3DnWorkbench cuesnObjects resting on surfacenTextured polygon at table surfacenCast shadowsnGravity defines up, table defines orientationnPerceptual cuesnHigh resolution (14 dpi) / flicker-freenNo motion sicknessnHuman scalenWide field of viewn

Uses stereo at effective distance (hands)

Copyright 1996 Pat HanrahanSynergy between 3 Visual Cues1. Binocular stereo2. Motion parallax3. Accomodation and convergence

stereo, without tracking

stereo, with tracking

Copyright 1996 Pat HanrahanRegistration of Real and VirtualErrorHead trackingHand trackingCRT distortionsOptical pathGlasses positionEye separationScreen refractionScreen sagMagnitudeup to 10cm +up to 10cm +a few cma few cmup to 2-3cmabout 1cmabout 1mm0.5-1.5cm

EffectView may distortInteraction difficultImage non-linearitiesKeystoningMisalignment of real/virtualPerceived distancesApparent location of pixelsApparent location of pixels

Copyright 1996 Pat HanrahanCalibration

"grid.out"

-50 0 50

-100

-50

-10 -5 0 5 10 15

"uncorrected.out" "grid.out"

-50 0 50

-100

-50

-10 -5 0 5 10 15

"corrected.out" "grid.out"

-10

-5

0

5

10

"uncorrected.out" "grid.out"

-10

-5

0

5

10

"corrected.out"