AUGMENTED REALITY

One Day BMVA Technical Meeting in association with the UKVRS G and | EE/E4 at British Institute of
Radiology, London, UK on 3rd May 2000

Augmentedeality is the proces®f augmentinghe usersview of aworld with syntheticnodels
or information. This could be arything from the written annotatiorof a sceneto superimposed
3D graphicalmodels.The applicationsof AugmentedReality arein wearablecomputing HCI,
medical,constructionandvisual mediato namea few. The aim of this meetingis to bring to-
gethemnumberf talksonthecommonproblemsandsolutionsassociate@ith theseapplication
areas.

Chairpersons: RichardBowden(BrunelUniversity)
Andrew Fitzgibon(Oxford University)

10:30 Rggistrationandcoffee.
10:55 Introductionandwelcome.

11:00 A Sequential and Autonomous Hybrid Registration Method for Accurate Integration of Real World and
Computer Generated Objects, G. Simon,M. Bemer, Oxford University/INRIA.

11:40 Parametric View-Synthesis, M. HansardB. Buxton,UCL.

12:20 Augmented Reality for Automotive Visualisation, M. Lewin, R Bowden,M. SarhadiBrunelUniversity,
13:00 Lunch

14:00 Microscope-Assisted Guided Interventions (MAGI) - Augmented Reality in the Operating Theatre, P.
Edwards,A. King, D. Hill, D. Hawkes,UMDS, GuysHospital.

14:40 A Video Positioning System for Augmented Reality, D. JohnstonA. Clark, Ess& University.
15:20 Tea

15:40 Sereoscopic Augmented Reality as a Tool for Remote Scene Characterisation, S. Lawson,J. Pretlove,
A. Wheeler G. Parker, NapierUniversity, ABB CorporateResearchiJniversityof Surrey.

16:20 Interactive Rendering of Synthetic Objectsinto Real Images, S. Gibson,Universityof Manchester

17:00 Closingremarksandfinish.



A Sequentialand AutonomousHybrid Registration Method for Accurate Integration
of RealWorld and Computer GeneratedObjects

G. Smon, M. Berger
Oxford University/INRIA http://www.loria.fr/"gsimon
gs@robots.ox.ac.uk

We focusin this paperon the problemof accuratelyaddingcomputergenerateabjectsinto video se-
guencesThecurrentapplicationis post-productionbut the propertieof our method(autonomyandsequen-
tiality) allows usto ervisagerealtime applicationaisinga HeadMountedDisplay.

A two-stageobuststatisticaimethodis usedfor computingthe posefrom model-imagecorrespondences
of tracked features(free-formcurves). This methodhandlestrackingerrorsaswell asocclusionsof parts
of the features.However, a problemwhich is commonto every model-basedegistrationmethodis thatthe
accuray of theresultsdepend®n the distribution of the features.In particular if we addvirtual objectsin
a sceneareawhich doesnot contain(or containsfew) modelfeaturesthe reprojectionerrorin this areais
likely to belarge (Figurel.a,b).

In orderto improvetheaccurag of viewpointrecovery, we use2D key-pointsthatcanbeeasilymatched
in two consecutie images. As the relationshipbetweentwo matchedpointsis a function of the camera
motion, the viewpoint canbe improved by minimising a costfunction which encompassethe 3d-2derror
(reprojectiorerror)aswell asthe 2d-2derror(distancerom thekey-pointsto theepipolarlines). This hybrid
methodgreatlyimprovesthe accurag of thecompositiongFigurel.c,d).

Videosequencesf our resultscanbe seenon our website.

@) (b)

(©) (d)

Figurel: Exampleof compositiorfor the Stanislasquaresequence(a) 3d/2dmatching: eightcurvesare
matchedon thefront of the building. (b) Registrationusingthe model-basednethod: the carseemso
hover, whereast shouldstayontheground!(c) 2d/2dcorrespondenceseadded.(d) Registrationusingthe
hybrid method: the caris now correctlyadded.



Parametric View-Synthesis

M. Hansard, B. Buxton

Departmenbf ComputerScience

UniversityCollegeL London

m.hansard@cs.ucl.ac.uk

We presenta simpleprocedurdor synthesisingiovel views, usingtwo or morebasis-imageasinput. It
is possiblefor the userto interactively adjustthe viewpoint, andfor the correspondingmageto be computed
andrenderedn real-time. Ratherthanemploying a 3D model,our methodis basedon thelinear relations
which exist betweerimagegakenwith anaffine cameraWe shav how the ‘combinationof views’ proposed
by Ullman and Basri [[IEEE PAMI 13(10), 1991] can be appropriatelyparametrisedvhen a sequencef
five or moreimagesis available. This is achieved by fitting polynomial modelsto the coeficients of the
combinationwherethelatterarefunctionsof the (unknavn) camergparameters.

We discussan alternatie approachdirectimage-interpolationand arguethat our methodis preferable
whenthereis alargedifferencen orientationbetweerthe original gazedirections.

Finally, we notethateachnovel view canbe renderedwithout significantdeparturefrom the standard
graphics-pipeline.Essentially only texture-map,z-buffer and accumulation-bffer facilities are required.
The needfor densefeature-correspondend® also avoided. It is desirablefor image-basedenderingto
follow the standardipeline,in orderto exploit hardware-supporfor existing graphicsAPIs.

Our obsenrationsarerelevantto several applicationsjncluding visualisation animation,andaugmented
reality.



AugmentedReality for Automotive Visualisation

Martin Lewin, Richard Bowden, Mansoor Sarhadi
VisionandVirtual Reality Group,Departmentf Systemds€Engineering,
BrunelUniversity

martin.lewin@brunel.ac.uk

We preseniprogresson an augmentedeality systemfor virtual prototypingof car interiorsfor the au-
tomotive industry Virtual prototypinghasbecomean establishednethodof viewing productsearlyin the
designcycle. Techniquedor visualisationof virtual prototypeshave progressedrom solid modelson the
screento immersve displays,but interactionwith the virtual productis necessaryor properassessmertf
theproductby designersA systemthatprovidesa hapticinterfaceandplaceghevirtual prototypein context
with the usershouldimprove their ability to assesshe productin the sameway they would judgea physi-
cal prototype. AugmentedReality providesa methodof achieving this visualizationby overlayingproduct
imagesontosimpleobjectsof approximatesizeandshapéor userhandling.

Animplementatiorof asmallsystenfor displayinghandheldbjectss presentedhis usessimpletargets
andastaticcamerao demonstratéheoverlayprocesdgor prototyping.Currentwork is thenpresentedyhich
is basedarounda video basedaugmentedeality headsetinda seatingbuck. The seatingbuck is similar to
thoseusedin the automotye industry for holding prototypeinteriors. The systemusestargetsplacedon
the seatingbuck for registrationof a virtual interior with the userandcar controls. We describethe system
componenteindmethodsof calibrationandregistrationfrom thetrackedtargets.

Figl: A videobasedAR Headset. Fig2: A simpleseatingouck, usedfor interior
prototyping.



Micr oscope-Assistedsuided Inter ventions (MA GI)—AugmentedReality in the Op-
erating Theatre

P. J. Edwards, A. P. King, D. L. G. Hill, D. Hawkes

UMDS

GuysHospital,London http://www-ipg.umds.ac.uk/magi
philip.edwards@kcl.ac.uk

Sincethe adwent of pre-operatre imaging modalitiessuchas magneticresonancéMR) and computed
tomography(CT) sumgeonshave had a wealth of 3D informationaboutpatientanatomyand pathologyat
their disposal. However, currenttechniquesiusedto visualisethis informationare somevhatlimited. The
Microscope-Assisteuidedinterventionssystem(MAGI) aimsto provide an augmentedeality (AR) dis-
playin thestereceye-piece®f asumgicalmicroscopédo enablesurgeonso perceve hiddenstructureslerived
from pre-operatre imagesin their correct3D position. To achieve this, two imageinjectorsareattachedo
a standardsumgical microscope.The two eye-piecesof the microscopeare calibratedindividually prior to
sumgery, andinfra-redLEDs attachedo thepatientandmicroscopesothatthey canbetrackedduringsumgery.
Image-to-physicalegistrationis performedoy attachingmagingmarkersto the patientprior to scanningand
replacingthesewith physicallocalisationcapsat sugerywhich canbelocalisedusingatrackedpointer

Thereareparticularissuesnvolvedin developingan AR systemfor sumical navigation. Sincethe mi-
croscopas movedrelatively infrequentlyduringsurgerythelateng of thesystems nota problem.Of much
greaterimportancds the accurag of the overlaid structureswith respecto their realequivalents.Suigeons
will typically usethesystemto avoid critical structuresuchasarteriesor neres,soamisalignmentf evena
millimetre couldhave disastrougffects. For thisreasoraccurag hasbeenaprimeconcernn developingthe
MAGI system.A numericalsimulationwasproducedvhich enabledhe effect of differentmarkerandLED
configurationgo beanalysedTheoverlayaccuray of thesysterris now lessthanlmm. Achieving good3D
perceptiorof virtual structuresdbeneatha physicalsurfacein the magnifiedview of the suigical microscope
hasprovedto be problematicandthe displayparadigmof the virtual structureshasbeenoptimisedto make
this possible.Figure1l shavs animageacquiredduring a recentclinical evaluationof the MAGI system;n
which anaccurateverlayof a partially visible tumouris given. The surgeonis ableto usethe AR displayto
navigatetowardsthe sumgical target. Texture mappingon the virtual tumouris usedto help3D perception.

In summaryMAGI is aworking exampleof anAR systemin adomainwhich raisesparticularissuegor
AR. Thesdassueshave beenaddresseduringthedevelopmenbf the systemandtheresultsof thiswork will
beof interestto otherresearchers the AR field.

a) b)
Figurel: Augmentedealityin theoperatingmicroscope a) The MAGI systemin theoperatingheatreand
b) anoverlayof thelesion. Theinsertedool pointsto theinternalauditorymeatug1AM), which alignswell
with the sectionof thetumourthatprotrudednto the IAM.



A Video Positioning Systemfor AugmentedReality

D. Johnston, A. Clark

VASE Laboratory

Universityof Ess&

djjohn@essex.ac.uk

AugmentedReality(AR) applicationglemandanaccurateegistrationof realandvirtual componentsWe
aredevelopingacheaprobustsystenthatcandeterminghe positionandorientationof objectsusingasingle
videocamerandsimpleprintedtargets. Theaimwasto produceaworking”groundtruth” positioningsystem
which could be usedasa calibrationcomponentn a largeraugmentedeality application. Two applications
have beenexplored:

— Sharedvirtual World
By walking arounda room, a humanusercan control the position and orientationof an avatarin a
virtual representationf the sameroom. Thevideo cameras strappedointing upwardsto the users
head,while targetsare stuckto the ceiling. Any numberof corventionalterminal-basedisersand
video-equippe@mlulatoryonesmayinteractin a sharedvirtual world.

— VideoJoystick
A 10 cm cubehasdistinguishablegargetspastedon eachof its faces.The positionand orientationof
the cubeis measuredy the VPS system. The informationis usedto control eitherthe positionand
orientationof an objectin an on-screervirtual world or the positionand orientationof the viewport
into thevirtual world. Operationof the cubeis completelyintuitive, asthereal cubeandvirtual object
arelockedinto aone-to-onecorrespondence.

Figl: Humancontrollingavatar Fig2: Avatarbeingcontrolled. Fig3: Virtual cubelockedto
physicalcube.



StereoscopicAugmentedReality asa Tool for RemoteSceneCharacterisation

S W Lawson, J. R. Pretlove, A. C. Wheeler, G. A. Parker
NapierUniversity, ABB CorporateResearchUniversityof Surrey
shaun@dcs.napier.ac.uk

In this papemwe presenbur progressn theresearclanddevelopmenbf augmentedeality (AR) methods
asan aid to the remoteinspectionof hazardousrnvironments. We are developing and refining a system
which presentstereoscopiwideo overlaidwith threedimensionabraphicsto a humanoperatomwhosetask
is to interactwith, and explore, a remoteernvironmentusing a tele-operatedobotic vehicle. The vehicle
is fitted with stereocolour CCD camerasvhoseoutputare combinedusing eithera HMD or a shuttered
stereoscopienonitor to provide the operatorwith his primary stereoscopidisplay device. This videois
overlayedwith stereoscopicomputergraphicswhich consistsof a combinationof textual and graphical
data. The graphicaldatacanbevirtual renditionsof real objects(e.g. wire frameor solid representationsf
obstaclespr completelyvirtual objects(e.g.athreedimensionameasuringool or virtual cursor).

We describeour currentsystemcomponentsvhich comprisea robotic stereoheaddevice, and our AR
systemand software. We thengo on to discusssomeof the calibrationproceduresvhich arenecessaryn
to alignary graphicaloverlayinformationwith live videodata. Someexperimentsn determiningalignment
errorsunderheadmotionandsomeinvestigationsnto the useof a calibratedvirtual cursorfor remotescene
characterisatioarethendescribedTheseexperimentdnclude:-

—themappingof asimpleremoteernvironmentusingintelligentvirtual cursorso interactvely selectand
characterisebjects.

— navigationaroundthe remoteernvironmentusingonly the computergraphicsrepresentationf the ob-
stacleccharacteriseth (1). Thiswork aimsto solve thetypical situationin tele-operatiorof remotevehicles
wherethevideolink is degradedjntermittent,or lost.

— semi-autonomouslpavigation of the remoteervironmentusinga pathof virtual beacondaid out by
theoperator



Interacti ve Rendering of Synthetic Objectsinto Real Images

S Gibson

AdvancednterfacesGroup,Dept. of ComputerScience,

Universityof ManchestetUK http://www.cs.man.ac.uk/"gibsons
gibsons@cs.man.ac.uk

Theseamlesitegrationof syntheticobjectsinto realphotographsr videoimagess acommorrequire-
mentin fields suchasaugmentedeality and digital visual effects. Achieving a high degreeof realismin
suchapplicationgequiredirst matchingthe geometriccharacteristicsf boththe syntheticandrealcameras,
andthenshadingthe syntheticobjectsso thatthey appearo beilluminatedby the samelight asthe other
objectsin thebackgroundmage.In thistalk, we attemptto tacklethe secondf theseproblemsandpropose
solutionsfor illuminating andintegrating syntheticobjectsinto real-world imagesat interactve rates. By
renderingthe syntheticobjectswith the sameillumination, importantvisual cuesare providedthatincrease
theapparentccuray of theintegration,andaid theusers judgemenbf spatiallayout.

Insteadof employing expensve global illumination algorithms,we use sphere-mappingechniquego
approximatenow the ervironmentilluminateseachsyntheticobject. We also proposea novel imagecom-
positionalgorithmthatgenerateshadaevs castby the syntheticobjectson the real objects(andvice versa),
aswell asmodellingself-shadwing artifactson the syntheticobjects.This imagecompositionis performed
usingmulti-passenderingandhasbeenimplementedntirelyin OpenGL.

Shadaevs aregeneratedisinghardware-accelerateshadev-mappinganda small numberof representa-
tive 'shadev-sources’ The position,colourandintensityof theseshadev-sourcesreselectecautomatically
usingoptimisationalgorithmsthatattemptto provide the bestmatchto the shadaevs castby thereal-world il-
lumination.We show resultsof animplementatiorof the algorithmon a single-pipeSilicon GraphicsOnyx2
thatis capableof renderingcomplex syntheticobjectsandtheir shadavs at ratesof up to 10 frames-per
second.

Figl: Backgroundmage. Fig2: Addition of synthetic  Fig3: Self-shadwing artifacts
objectsandshadevs (10fps). onacomplex syntheticobject.



