
BackgroundBackground

�� Imaging modalities (Imaging modalities (egeg CT, MRI):CT, MRI):
-- Data acquisition Data acquisition ��

�� Computers:Computers:
-- SpeedSpeed ��
-- Graphics display Graphics display ��
-- Availability from open operating systemsAvailability from open operating systems

L I N U XL I N U X ((http://http://www.linux.orgwww.linux.org))

challenging new applications



OutlineOutline

�� RegistrationRegistrationRegistration
�� WhatWhat isis AugmentedAugmented RealityReality (AR)?(AR)?

-- „„IngredientsIngredients““ of AR of AR -- SystemsSystems
-- ApplicationsApplications andand firstfirst resultsresults

�� RoboticsRoboticsRobotics
--- DefnitonDefnitonDefniton
--- TypesTypesTypes
--- ApplicationsApplicationsApplications



WhatWhat isis
AugmentedAugmented RealityReality (AR)?(AR)?

�� OverlayOverlay ofof artificialartificial„„targettarget informationinformation““
overover realreal--worldviewworldview

�� VirtualVirtual sceneryscenery adoptsadopts itselfitself toto thethe
positionposition ofof thethe viewerviewer Technology:Technology:

-- VisualizationVisualization devicesdevices such as such as headhead--mountedmounted
displays(HMDdisplays(HMD))

-- PositionPosition trackingtracking oror posepose estimationestimation
-- InterfacingInterfacing to 3Dto 3D--visualizationvisualization systemssystems



VisualizationVisualization DevicesDevices

�� Features to Features to considerconsider::
-- OpticsOptics
-- FocalFocal problemsproblems,, displaydisplay qualityquality,, parallaxparallax errorerror,,

calibrationcalibration
-- AppropriateAppropriate visualizationvisualization,, trackingtracking,, latencylatency,,

weightweight
-- AcceptanceAcceptance
-- AppropriatenessAppropriateness forfor givengiven applicationsapplications,,

acceptanceacceptance of end of end usersusers



GrazGraz
ApproachApproach

�� Features:Features:
-- NowNow fixedfixed onon

operatoroperator‘‘ss headhead
-- 2 Monitors:2 Monitors: 

800x600800x600 pxpx
((forfor everyevery eyeeye))

-- infinitelyinfinitely variablevariable
RealityReality ���� VirtualityVirtuality



QuestionQuestion??

�� CanCan wewe (as(as radiologistsradiologists))
exploitexploit thesethese emergingemerging
technologiestechnologies forfor improvingimproving
patientpatient carecare??



AttackAttack……..
�� ComputerComputer--AssistedAssisted TumorTumor AblationAblation

-- UsuageUsuage of an of an AugmentedAugmented RealityReality System (AR) System (AR) forfor::
�� VisualisationVisualisation
�� PlaningPlaning
�� NavigationNavigation
�� SuccessSuccess ControlControl

�� MultidisciplinaryMultidisciplinary TeamTeam
-- RadiologistsRadiologists
-- SurgeonsSurgeons
-- InformaticsInformatics // TelematicsTelematics
-- BiomedicalBiomedical Engineering / Image Engineering / Image ProcesingProcesing



AugmentedAugmented RealityReality SystemSystem

�� OverlayOverlay ofof artificialartificial„„targettarget informationinformation““
overover realreal--worldviewworldview

�� VirtualVirtual sceneryscenery adoptsadopts itselfitself toto thethe
positionposition ofof thethe viewerviewer Technology:Technology:

-- VisualizationVisualization devicesdevices such as such as headhead--mountedmounted
displays(HMDdisplays(HMD))

-- PositionPosition trackingtracking oror posepose estimationestimation

-- InterfacingInterfacing to 3Dto 3D--visualization systemsvisualization systems



AugmentedAugmented RealityReality (AR)(AR)













TubeTube DetectionDetection FilterFilter
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ARAR –– Advantage?Advantage?
�� 14 test 14 test casescases::

-- ArtificialArtificial objectsobjects::
�� SegmentedSegmented liverslivers,, tumorstumors
�� PortalPortal treestrees

�� TasksTasks::
-- VolumeVolume estimationsestimations
-- VolumeVolume measurementsmeasurements
-- DistanceDistance measurementsmeasurements
-- EvaluationEvaluation systemssystems

�� TIANI JTIANI J--Vision (2D, 3D)Vision (2D, 3D)
�� LiverplannerLiverplanner (AR)(AR)



ARAR -- TestTest CasesCases



ARAR –– TestTest ��ResultsResults



ARAR –– TestTest �� ResultsResults



ARAR –– TestTest �� ResultsResults



ARAR –– TestTest �� ResultsResults



ARAR –– TestTest �� ResultsResults



ARAR –– TestTest �� ResultsResults
ANOVAANOVA –– VolumeVolume ErrorError

Effect DF DF F-Value Pr > F

� Display 2 456 58.22  <.0001
� User 1 456 1.98 0.1596
� org. size 1 14 4.82 0.0455
� Display*User 2 456 1.57 0.2100
� Org. size*Display 2 4 569.13 0.0001
� org. size*user 1 456 0.29 0.5881



ARAR –– TestTest �� ResultsResults
ANOVAANOVA –– TimeTime

Effect DF DF F Value Pr > F

� Display   2  352 95.92 <.0001
� User 1 352 1.24 0.2663
� Display*User 2 352 1.86 0.1579
� User*Szene 28 352 1.58 0.0333
� Org. size*user0 . . .



AR: Tools AR: Tools forfor InteractionInteraction



AR: Tools AR: Tools forfor InteractionInteraction



AR: Tools AR: Tools forfor InteractionInteraction

�� ResektionResektion
Tools:Tools:
-- HemihepatHemihepat--

ectomieectomie



AR: Tools AR: Tools forfor InteractionInteraction

�� WedgeWedge
ResectionResection



AR: Operation AR: Operation PlanningPlanning


