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Wepresenta techniqueto reconstructthesurfaceof thesurgicalfield duringneurosurgery. The
imagesaretaken with a stereocameramountedon a surgical microscope,which is part of a
neuronavigationsystem.We useanintensity-basedmethodto calculatea densedisparitymap
over thewhole imageextend. Correspondencesareestablishedby exploiting theepipolarge-
ometryandcomparingimageintensitiesalongcorrespondingepipolarlines. Themethoddoes
notrequireastrongcalibration.Only thecolineationdenotedby thefundamentalmatrix,which
mapscorrespondingepipolarlines from oneimageto theother, hasto beknown. The results
show thatour methodis ableto reconstructthesurfaceof thesurgical field uptoa few areas.It
is limited atpointsof specularreflectionsof thewetbrainsurfaceandpointsof uniformtexture.

Keywords: Stereoscopicreconstruction;neuronavigation;stereomicroscope;augmentedre-
ality; augmentedvirtuality

1. Intr oduction

In neurosurgery, guidancesystems,which correlatepatientimagingdatato thesurgical field
usingtrackedprobesor surgical microscopes,have becomestandardequipment.Themostad-
vancedsystemsdisposeof an additionalhead-updisplay showing relevant informationon a
two-dimensionalgraphicaloverlay directly within oneof the ocularsof the microscope.Our
experiencehasshown thatto takefull advantageof augmentedreality, morecomplex colourand
stereoscopicdisplaysareneededfor abetterunderstandingandinterpretationof theoverlaidin-
formation[1]. Therefore,this basicoverlay will be replacedin future by moresophisticated
three-dimensionaldisplaysbeingableto renderstereoscopicviews of a virtual scene.Today’s
augmentedreality, wheretherealscene’s informationis enhancedwith additionalinformation,
might bebackedby augmentedvirtuality [2,3]. Augmentedvirtuality fusesmultimodalscene
informationacquiredduring planningwith real-timeimagesfrom the surgical field. To ade-�
Contact:Oliver.Fleig@univ-rennes1.fr http://sim3.univ-rennes1.fr



2

quatelymergerealandvirtual informationfor bothaugmentedrealityandvirtuality weneedto
know surfaceinformationon the real scene.E.g. to determinewhich part of a virtual object
wouldbeoccludedby therealscene,weneedto know thesurfaceof thesurgicalfield.

With the surgical microscopewe disposeof the possibility to recordcorrespondingstereo
imagesfrom theright andleft ocular, withoutexpensiveadditionalhardware.

AUDETTE proposesin his work on brain deformation[4] the useof a commercialrange-
sensorandstructuredlaserlight to reconstructthe brain surface. SKRINJAR usesa strongly
calibratedstereorig and an integration techniqueto computethe surfacenormalsfrom the
partialderivativesof intensitiesin bothimages[5]. Integrationtechniquesaccumulateerrorsand
constrainthesurfaceto becontinuousandglobally follow theLambertianreflectancemodel.

Wealsouseanintensity-basedmethod,wherepointcorrespondencesareestablishedby com-
paringintensitieswithin a definedwindow in the left andright image[6]. This methodworks
onsurfaceswhichareonly locally Lambertianandmaycontaindiscontinuitiesin thedisparity.
Intensity-basedmethodscalculatedensedisparitymapsin oppositionto featurebasedmethods,
which recoveronly sparsedisparitymaps.

2. Material and Methods

2.1. Acquisition
TheDepartmentof Neurosurgeryat theUniversityHospitalof Rennesdisposesof anSMN

zoomlensmicroscopefrom CARL ZEISS (Oberkochen,Germany). A localisertrackspatient,
probe,andmicroscopeposition. A pair of stereoscopicsingleCCD camerasmountedon the
microscopeis usedto recordstill colour imageswith anoff-the-shelfvideograbbercardon a
desktopPC.A videochannelswitch drivenby the parallelport of thePC selectsbetweenthe
left andright ocular. Focusandzoomparametersaswell asthe tracked microscopeposition
aretransferredfrom thenavigationsystemto thePCvia serialport connection.A simpleuser
interfaceunderMS-Windows initiatesgrabbingof animagepair andstoresit alongwith zoom
andfocussettingsandthemicroscopeposition.

2.2. Epipolar geometryand fundamental matrix
To reconstructthe surfacefrom two images,point correspondenceshave to be established.

We take advantageof the epipolargeometryto simplify the searchfor correspondingpoints
[6,7]. The epipolargeometryconstraintspointslying on an epipolarline in the left imageto
beprojectedonto thecorrespondingepipolarline in theright image. The fundamentalmatrix
is a colineationthat givesthe correspondencebetweenepipolarlines, andallows to establish
the equationof the epipolarline in the right imagecorrespondingto a point given in the left
image.To find amatchto apoint from theleft image,thesearchis limited to thecorresponding
epipolarline in theright image.Thefundamentalmatrix is calculatedfrom oneor multiplepairs
of imageswith thesamesettingsfor zoomandfocus.To minimisenumericalinstabilityweused
multipleviewsat thesamesettingsby generatingadditionalsetsof imagesof acalibrationgrid.
Thecolineationbetweenlinesin theright andleft imagesdescribedby thefundamentalmatrix
hassevendegreesof freedomandcanbesolvedusingleastsquaremethodbasedonatleasteight
pairsof correspondingpoints[8]. Pointsareextractedautomaticallyusingcurvatureoperators
andmatchesareautomaticallyestablishedusinga relaxationbasedalgorithm.
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2.3. Rectification
To simplify point comparisonsthe fundamentalmatrix is usedto rectify the imagepairsin

theway thatcorrespondingepipolarlinesareparallelto theabscissaat thesamevaluefor the
ordinatein the imagecoordinatesystem[7,9]. Figure1 shows the rectifiedimageof the left
ocular.

2.4. Disparity map
After rectificationfor eachpointof theleft images,acorrespondingpoint hasto befoundon

theepipolarwith thesameordinatevalue. The luminancewithin a window of predefinedsize
is comparedusingazero-meannormalisedsumof squareddifferences(ZNSSD)criterion:
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If thecriterionis below adefinedthresholdthepointpair is amatchcandidate.Thedifference
in theabscissavalueof two matchcandidatesis calleddisparity. Additional robustnessfor the
point pairing is achievedby respectingtheorderingconstraint,which saysthat theorderingof
correspondingpointsremainsunchangedon correspondingepipolarlines. Thesearchinterval
for thedisparityis determinedby theopticalgeometryof themicroscopeandthecameras,and
thepositionof thesurfacerelative to themicroscope.

A subsequentlyappliedmedianfilter andanerosionremovefalsepositivesfrom thedisparity
map. A furtherfilter computesthederivativesof thedisparitymapandsmoothesit by locally
fitting a planeto thepointsin thefilter window [10]. Figures2 and3 show thedisparitymaps
beforeandafterfiltering.

2.5. Reconstruction
The surfacecanbe directly reconstructedfrom the disparitymap: larger disparitiescorre-

spondto pointscloserto theobserver. Thereconstructionbasedon anestimatedfundamental
matrix canonly be determinedup to a projective transformation.From the calibrationof the
microscopeandthe fundamentalmatrix this final projective transformationmatrix canbecal-
culated[11]. Figure4 showsandexampleof a reconstructedsurface.

3. Results

Until now we have beenableto apply themethodon intra-operative imagesof four patients
and a total of twenty imagepairs. The extend of the observed fields of view reachedfrom
about7 cm to 12 cm. The imageresolutionis U�VXW DZY U�V pixels. For eachsetof zoomand
focussettingcalibrationimageshavebeentakenright aftertheoperationto preventerrorsfrom
camerafixation. Theerrorsfor thecalculationof thefundamentalmatrixarein theorderof one
pixel. A window sizeof 11 pixelsgivesthebestresultsfor our preliminarytestsfor luminance
matchingfollowedby a smoothingstepon thedisparitymapwith a 7 pixel window size. The
searchinterval for the disparitymapis adjustedmanuallyby comparingpointsof interestin
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Figure 1. Rectifiedimageof the left micro-
scopeview.

Figure 2. Disparity map from ZNSSD crite-
rion.

Figure3. Disparitymapaftermedianfiltering
andlocalplanefitting.

Figure 4. Reconstructedsurface, textured-
mappedwith the original image. The holes
correspondto the areaswhere the disparity
mapcontainsno information.
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the imagepairs. Overall calculationof the disparitymapperformsvery good. However, the
matchingfails on variousregions and points in the imagesand leaves multiple holesin the
disparitymap.

Examinationof theregionswhich werenot reconstructedshows thatmostof themaresatu-
ratedin oneor bothof theoriginal imagesdueto specularreflection.Otherregionswhichwere
not reconstructedareareason theborderof thesurgicalfield with gauzeor clothwherethereis
notextureto exploit for theluminancecomparison.Althoughthebrainsurfaceis speckledwith
tiny vesselswhich give it enoughtexturefor reconstructiontherearesomeareason largergyri
of uniformcolour. Thoseareasarenot recoveredby thereconstructioneither.

4. Discussionand Conclusion

We have demonstratedthatthestereoscopicreconstructionof thebrainis feasiblefrom only
the two imagesof a stereoscopicmicroscopeview. The main problemis the particularityof
the intra-operative imagesof the brain surface. The microscope’s light sourceis parallel to
the optical axes which, in conjunctionwith the wet brain surface,causesa large amountof
specularreflection.Wecannotcalculatethesurfaceby luminancecomparisonfor pixelsin these
reflectionareas.But theresultsarestill satisfactoryaswedonotneedto know theexactsurface
of every point. For visual applicationlike the alreadymentionedocclusionproblemit seems
sufficient to fill theholesin thedisparitymapwith aninterpolationtechniqueby exploiting ana
priori knowledgeaboutthesurface.Suchanapriori knowledgeis thefactthatthereconstructed
surfaceis asinglesurfaceandrelatively smooth.

For otherapplicationslike distancemeasuresfor brain-shiftevaluationit is preferablenot to
interpolate,sincetheaccuracy of thereconstructedpointsis moreimportantthanthenumberof
thesepoints.

Theauthorsareawareof thefact thatvalidationis of immediateconcernfor thefurtheruse
of this method.To validatetheaccuracy of thereconstruction,we planto apply thealgorithm
on known syntheticscenewith real intra-operative imagesasobjecttexture. The microscope
calibrationhasto berecoveredin orderto passfrom thefor themomentonly projective recon-
structionto aneuclidianreconstruction.

We alsohave to evaluatethereconstructionof imagesat a highermagnification.At a higher
magnificationwe might probablyloosesometexture from thevesselsandhave largerareasof
unrecoverableuniform intensity.

We considerintra-operative stereoscopicimagesfrom thesurgicalmicroscopeasa sofar un-
exploited additionalmodality in multimodalneurosurgery. We alreadymentionedbrain-shift
estimationandocclusionaspossibleapplications.A surfacereconstructiongivesus alsothe
possibilityto updateascenedependingon theprogressof theinterventionor to verify or estab-
lish registrationto thepatient.Thereis alsothepossibilityto calculatethevolumeof resection.

Our methoddoesnot requireexpensive additionalequipmentas long as it is possibleto
captureintra-operative imagesfrom asurgicalmicroscope.
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