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

Augmentedreality is theprocessof augmentingtheusersview of aworld with syntheticmodels
or information. This couldbeanything from thewritten annotationof a sceneto superimposed
3D graphicalmodels.Theapplicationsof AugmentedRealityarein wearablecomputing,HCI,
medical,constructionandvisualmediato namea few. Theaim of this meetingis to bring to-
getheranumberof talksonthecommonproblemsandsolutionsassociatedwith theseapplication
areas.

Chairpersons: RichardBowden(BrunelUniversity)
Andrew Fitzgibon(OxfordUniversity)

10:30 Registrationandcoffee.

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. Berger, OxfordUniversity/INRIA.

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

12:20 Augmented Reality for Automotive Visualisation, M. Lewin, R Bowden,M. Sarhadi,BrunelUniversity.

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. Johnston,A. Clark,Essex University.

15:20 Tea

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

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

17:00 Closingremarksandfinish.



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

G. Simon, M. Berger
OxfordUniversity/INRIA http://www.loria.fr/˜gsimon

gs@robots.ox.ac.uk

We focusin this paperon the problemof accuratelyaddingcomputer-generatedobjectsinto video se-
quences.Thecurrentapplicationis post-production,but thepropertiesof ourmethod(autonomyandsequen-
tiality) allowsusto envisagerealtimeapplicationsusingaHeadMountedDisplay.

A two-stagerobuststatisticalmethodis usedfor computingtheposefrom model-imagecorrespondences
of tracked features(free-formcurves). This methodhandlestrackingerrorsaswell asocclusionsof parts
of thefeatures.However, a problemwhich is commonto every model-basedregistrationmethodis that the
accuracy of theresultsdependson thedistribution of the features.In particular, if we addvirtual objectsin
a sceneareawhich doesnot contain(or containsfew) modelfeatures,the reprojectionerror in this areais
likely to belarge(Figure1.a,b).

In orderto improvetheaccuracy of viewpoint recovery, weuse2D key-pointsthatcanbeeasilymatched
in two consecutive images. As the relationshipbetweentwo matchedpoints is a function of the camera
motion, the viewpoint canbe improvedby minimisinga costfunctionwhich encompassesthe 3d-2derror
(reprojectionerror)aswell asthe2d-2derror(distancefrom thekey-pointsto theepipolarlines).Thishybrid
methodgreatlyimprovestheaccuracy of thecompositions(Figure1.c,d).

Videosequencesof our resultscanbeseenonourwebsite.

(a) (b)

(c) (d)
Figure1: Exampleof compositionfor theStanislassquaresequence.(a)3d/2dmatching: eightcurvesare

matchedon thefront of thebuilding. (b) Registrationusingthemodel-basedmethod: thecarseemsto
hover, whereasit shouldstayon theground!(c) 2d/2dcorrespondencesareadded.(d) Registrationusingthe

hybridmethod: thecaris now correctlyadded.



Parametric View-Synthesis

M. Hansard, B. Buxton
Departmentof ComputerScience
UniversityCollegeLondon

m.hansard@cs.ucl.ac.uk

We presenta simpleprocedurefor synthesisingnovel views,usingtwo or morebasis-imagesasinput. It
is possiblefor theuserto interactively adjusttheviewpoint,andfor thecorrespondingimageto becomputed
andrenderedin real-time. Ratherthanemploying a 3D model,our methodis basedon the linear relations
whichexist betweenimagestakenwith anaffinecamera.Weshow how the‘combinationof views’ proposed
by Ullman and Basri [IEEE PAMI 13(10), 1991] can be appropriatelyparametrisedwhen a sequenceof
five or more imagesis available. This is achieved by fitting polynomialmodelsto the coefficientsof the
combination,wherethelatterarefunctionsof the(unknown) cameraparameters.

We discussanalternative approach,direct image-interpolation,andarguethatour methodis preferable
whenthereis a largedifferencein orientationbetweentheoriginalgazedirections.

Finally, we note that eachnovel view canbe renderedwithout significantdeparturefrom the standard
graphics-pipeline.Essentially, only texture-map,z-buffer and accumulation-buffer facilities are required.
The needfor densefeature-correspondenceis also avoided. It is desirablefor image-basedrenderingto
follow thestandardpipeline,in orderto exploit hardware-supportfor existinggraphicsAPIs.

Our observationsarerelevantto severalapplications,includingvisualisation,animation,andaugmented
reality.



AugmentedReality for AutomotiveVisualisation

Martin Lewin, Richard Bowden, Mansoor Sarhadi
VisionandVirtual RealityGroup,Departmentof SystemsEngineering,
BrunelUniversity

martin.lewin@brunel.ac.uk

We presentprogresson an augmentedreality systemfor virtual prototypingof car interiorsfor the au-
tomotive industry. Virtual prototypinghasbecomean establishedmethodof viewing productsearly in the
designcycle. Techniquesfor visualisationof virtual prototypeshave progressedfrom solid modelson the
screento immersive displays,but interactionwith thevirtual productis necessaryfor properassessmentof
theproductby designers.A systemthatprovidesahapticinterfaceandplacesthevirtual prototypein context
with theusershouldimprove their ability to assesstheproductin thesameway they would judgea physi-
cal prototype.AugmentedRealityprovidesa methodof achieving this visualizationby overlayingproduct
imagesontosimpleobjectsof approximatesizeandshapefor userhandling.

An implementationof asmallsystemfor displayinghandheldobjectsis presented,thisusessimpletargets
andastaticcamerato demonstratetheoverlayprocessfor prototyping.Currentwork is thenpresented,which
is basedarounda videobasedaugmentedreality headsetanda seatingbuck. Theseatingbuck is similar to
thoseusedin the automotive industry for holding prototypeinteriors. The systemusestargetsplacedon
theseatingbuck for registrationof a virtual interior with theuserandcarcontrols.We describethesystem
componentsandmethodsof calibrationandregistrationfrom thetrackedtargets.

Fig1: A videobasedAR Headset. Fig2: A simpleseatingbuck,usedfor interior
prototyping.



Micr oscope-AssistedGuided Inter ventions (MAGI)—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 adventof pre-operative imagingmodalitiessuchasmagneticresonance(MR) andcomputed
tomography(CT) surgeonshave hada wealthof 3D informationaboutpatientanatomyandpathologyat
their disposal. However, currenttechniquesusedto visualisethis informationaresomewhat limited. The
Microscope-AssistedGuidedInterventionssystem(MAGI) aimsto provide anaugmentedreality (AR) dis-
playin thestereoeye-piecesof asurgicalmicroscopeto enablesurgeonsto perceivehiddenstructuresderived
from pre-operative imagesin their correct3D position. To achieve this, two imageinjectorsareattachedto
a standardsurgical microscope.The two eye-piecesof the microscopearecalibratedindividually prior to
surgery, andinfra-redLEDsattachedto thepatientandmicroscopesothatthey canbetrackedduringsurgery.
Image-to-physicalregistrationis performedby attachingimagingmarkersto thepatientprior toscanning,and
replacingthesewith physicallocalisationcapsat surgerywhichcanbelocalisedusinga trackedpointer.

Thereareparticularissuesinvolvedin developinganAR systemfor surgical navigation. Sincethemi-
croscopeis movedrelatively infrequentlyduringsurgerythelatency of thesystemis notaproblem.Of much
greaterimportanceis theaccuracy of theoverlaidstructureswith respectto their realequivalents.Surgeons
will typically usethesystemto avoid critical structuressuchasarteriesor nerves,soamisalignmentof evena
millimetrecouldhavedisastrouseffects.For thisreasonaccuracy hasbeenaprimeconcernin developingthe
MAGI system.A numericalsimulationwasproducedwhich enabledtheeffect of differentmarkerandLED
configurationsto beanalysed.Theoverlayaccuracy of thesystemis now lessthan1mm.Achieving good3D
perceptionof virtual structuresbeneatha physicalsurfacein themagnifiedview of thesurgical microscope
hasprovedto beproblematic,andthedisplayparadigmof thevirtual structureshasbeenoptimisedto make
this possible.Figure1 shows animageacquiredduringa recentclinical evaluationof theMAGI system,in
whichanaccurateoverlayof apartiallyvisible tumouris given.Thesurgeonis ableto usetheAR displayto
navigatetowardsthesurgical target.Texturemappingon thevirtual tumouris usedto help3D perception.

In summary, MAGI is aworkingexampleof anAR systemin adomainwhich raisesparticularissuesfor
AR. Theseissueshavebeenaddressedduringthedevelopmentof thesystem,andtheresultsof thiswork will
beof interestto otherresearchersin theAR field.

a) b)
Figure1: Augmentedreality in theoperatingmicroscope- a) TheMAGI systemin theoperatingtheatreand
b) anoverlayof thelesion.Theinsertedtool pointsto theinternalauditorymeatus(IAM), whichalignswell

with thesectionof thetumourthatprotrudesinto theIAM.



A VideoPositioning Systemfor AugmentedReality

D. Johnston, A. Clark
VASELaboratory
Universityof Essex

djjohn@essex.ac.uk

AugmentedReality(AR) applicationsdemandanaccurateregistrationof realandvirtualcomponents.We
aredevelopingacheap,robustsystemthatcandeterminethepositionandorientationof objectsusingasingle
videocameraandsimpleprintedtargets.Theaimwastoproduceaworking”groundtruth” positioningsystem
which couldbeusedasa calibrationcomponentin a largeraugmentedreality application.Two applications
havebeenexplored:

– SharedVirtual World
By walking arounda room, a humanusercancontrol the positionandorientationof an avatar in a
virtual representationof thesameroom. Thevideocamerais strappedpointingupwardsto theuser’s
head,while targetsarestuck to the ceiling. Any numberof conventionalterminal-basedusersand
video-equippedambulatoryonesmayinteractin asharedvirtual world.

– VideoJoystick
A 10 cm cubehasdistinguishabletargetspastedon eachof its faces.Thepositionandorientationof
thecubeis measuredby theVPS system.The informationis usedto control eitherthe positionand
orientationof an objectin an on-screenvirtual world or the positionandorientationof the viewport
into thevirtual world. Operationof thecubeis completelyintuitive,astherealcubeandvirtual object
arelockedinto aone-to-onecorrespondence.

Fig1: 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 CorporateResearch,Universityof Surrey

shaun@dcs.napier.ac.uk

In thispaperwepresentourprogressin theresearchanddevelopmentof augmentedreality(AR) methods
as an aid to the remoteinspectionof hazardousenvironments. We aredevelopingand refining a system
which presentsstereoscopicvideooverlaidwith threedimensionalgraphicsto a humanoperatorwhosetask
is to interactwith, andexplore, a remoteenvironmentusinga tele-operatedrobotic vehicle. The vehicle
is fitted with stereocolour CCD cameraswhoseoutputarecombinedusingeithera HMD or a shuttered
stereoscopicmonitor to provide the operatorwith his primary stereoscopicdisplaydevice. This video is
overlayedwith stereoscopiccomputergraphicswhich consistsof a combinationof textual and graphical
data.Thegraphicaldatacanbevirtual renditionsof realobjects(e.g. wire frameor solid representationsof
obstacles)or completelyvirtual objects(e.g.a threedimensionalmeasuringtool or virtual cursor).

We describeour currentsystemcomponentswhich comprisea roboticstereoheaddevice, andour AR
systemandsoftware. We thengo on to discusssomeof the calibrationprocedureswhich arenecessaryin
to alignany graphicaloverlayinformationwith livevideodata.Someexperimentsin determiningalignment
errorsunderheadmotionandsomeinvestigationsinto theuseof a calibratedvirtual cursorfor remotescene
characterisationarethendescribed.Theseexperimentsinclude:-

– themappingof asimpleremoteenvironmentusingintelligentvirtual cursorsto interactively selectand
characteriseobjects.

– navigationaroundtheremoteenvironmentusingonly thecomputergraphicsrepresentationof theob-
staclescharacterisedin (1). Thiswork aimsto solvethetypicalsituationin tele-operationof remotevehicles
wherethevideolink is degraded,intermittent,or lost.

– semi-autonomouslynavigationof the remoteenvironmentusinga pathof virtual beaconslaid out by
theoperator.



Interacti ve Renderingof SyntheticObjects into Real Images

S. Gibson
AdvancedInterfacesGroup,Dept.of ComputerScience,
Universityof Manchester, UK http://www.cs.man.ac.uk/˜gibsons

gibsons@cs.man.ac.uk

Theseamlessintegrationof syntheticobjectsinto realphotographsor videoimagesis acommonrequire-
ment in fields suchasaugmentedreality anddigital visual effects. Achieving a high degreeof realismin
suchapplicationsrequiresfirst matchingthegeometriccharacteristicsof boththesyntheticandrealcameras,
andthenshadingthe syntheticobjectsso that they appearto be illuminatedby the samelight asthe other
objectsin thebackgroundimage.In this talk, weattemptto tacklethesecondof theseproblems,andpropose
solutionsfor illuminating andintegratingsyntheticobjectsinto real-world imagesat interactive rates. By
renderingthesyntheticobjectswith thesameillumination, importantvisualcuesareprovidedthat increase
theapparentaccuracy of theintegration,andaid theuser’s judgementof spatiallayout.

Insteadof employing expensive global illumination algorithms,we usesphere-mappingtechniquesto
approximatehow theenvironmentilluminateseachsyntheticobject. We alsoproposea novel imagecom-
positionalgorithmthatgeneratesshadows castby thesyntheticobjectson therealobjects(andvice versa),
aswell asmodellingself-shadowing artifactson thesyntheticobjects.This imagecompositionis performed
usingmulti-passrendering,andhasbeenimplementedentirelyin OpenGL.

Shadows aregeneratedusinghardware-acceleratedshadow-mappinganda smallnumberof representa-
tive ’shadow-sources’.Theposition,colourandintensityof theseshadow-sourcesareselectedautomatically
usingoptimisationalgorithmsthatattemptto providethebestmatchto theshadowscastby thereal-world il-
lumination.We show resultsof animplementationof thealgorithmonasingle-pipeSiliconGraphicsOnyx2
that is capableof renderingcomplex syntheticobjectsand their shadows at ratesof up to 10 frames-per-
second.

Fig1: Backgroundimage. Fig2: Addition of synthetic
objectsandshadows(10 fps).

Fig3 : Self-shadowing artifacts
ona complex syntheticobject.


