Surfacereconstructiorof the sumgical field from stereoscopimicroscope
viewsin neurosugery
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We presenttechniqueo reconstructhe surfaceof the sumical field duringneurosugery. The
imagesare taken with a stereocameramountedon a sumgical microscopewhich is partof a
neuron&igationsystem.We useanintensity-basednethodto calculatea densedisparitymap
over thewholeimageextend. Correspondencesre establishedy exploiting the epipolarge-
ometryandcomparingimageintensitiesalongcorrespondingpipolarlines. The methoddoes
notrequireastrongcalibration.Only the colineationdenotedvy thefundamentammatrix, which

mapscorrespondingepipolarlines from oneimageto the other hasto be known. Theresults
show thatour methodis ableto reconstructhe surfaceof the sumgical field uptoafew areas.lt

is limited at pointsof speculareflectionsof thewetbrainsurfaceandpointsof uniformtexture.
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1. Intr oduction

In neurosugery, guidancesystemsyhich correlatepatientimagingdatato the sumical field
usingtracked probesor sumgical microscopeshave becomestandarcequipment.The mostad-
vancedsystemsdisposeof an additionalhead-updisplay shaving relevant informationon a
two-dimensionalyraphicaloverlay directly within one of the ocularsof the microscope.Our
experiencenasshown thatto take full advantageof augmentedeality, morecomplex colourand
stereoscopidisplaysareneededor a betterunderstandingndinterpretatiorof the overlaidin-
formation[1]. Therefore,this basicoverlay will be replacedn future by more sophisticated
three-dimensionalisplaysbeingableto renderstereoscopiwiews of a virtual scene.Today’s
augmentedeality, wherethereal scenes informationis enhanceavith additionalinformation,
might be bacled by augmentedirtuality [2,3]. Augmentedvirtuality fusesmultimodalscene
informationacquiredduring planningwith real-timeimagesfrom the sumgical field. To ade-
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guatelymermgerealandvirtual informationfor bothaugmentedeality andvirtuality we needto
know surfaceinformationon the real scene.E.g. to determinewhich part of a virtual object
would beoccludedby therealscenewe needto know the surfaceof the sumgical field.

With the sumical microscopewe disposeof the possibility to recordcorrespondingstereo
imagesirom theright andleft ocular without expensve additionalhardware.

AUDETTE proposesn his work on brain deformation[4] the use of a commercialrange-
sensorand structuredlaserlight to reconstructhe brain surface. SKRINJAR usesa strongly
calibratedstereorig and an integration techniqueto computethe surface normalsfrom the
partialderivativesof intensitiesn bothimaged5]. Integrationtechniquesccumulaterrorsand
constrainthe surfaceto be continuousandglobally follow the Lambertianreflectancenodel.

We alsouseanintensity-basethethod wherepointcorrespondencegeestablishedhy com-
paringintensitieswithin a definedwindow in the left andright image[6]. This methodworks
onsurfaceswvhich areonly locally Lambertianandmay containdiscontinuitiesn the disparity
Intensity-basednethod<scalculatedensealisparitymapsin oppositionto featurebasednethods,
whichrecoveronly sparselisparitymaps.

2. Material and Methods

2.1. Acquisition

The Departmenbf Neurosugery at the University Hospitalof Rennedispose®f an SMN
zoomlensmicroscopdrom CARL ZEISS (Oberlochen,Germary). A localisertrackspatient,
probe,and microscopeposition. A pair of stereoscopisingle CCD cameragnountedon the
microscopds usedto recordstill colourimageswith an off-the-shelfvideo grabbercardon a
desktopPC. A video channelswitch driven by the parallelport of the PC selectsbetweerthe
left andright ocular Focusandzoomparameteraswell asthe tracked microscopeposition
aretransferredrom the navigation systemto the PC via serialport connection.A simpleuser
interfaceunderMS-Windows initiatesgrabbingof animagepair andstorest alongwith zoom
andfocussettingsandthe microscopeposition.

2.2. Epipolar geometryand fundamental matrix

To reconstructhe surfacefrom two images,point correspondencedsave to be established.
We take adwvantageof the epipolargeometryto simplify the searchfor correspondingpoints
[6,7]. The epipolargeometryconstraintgpointslying on an epipolarline in the left imageto
be projectedonto the correspondingepipolarline in theright image. The fundamentamatrix
is a colineationthat givesthe correspondencbetweenepipolarlines, and allows to establish
the equationof the epipolarline in the right imagecorrespondindgo a point givenin the left
image.To find amatchto a pointfrom theleft image,thesearchs limited to the corresponding
epipolarine in therightimage.Thefundamentamatrixis calculatedrom oneor multiple pairs
of imageswith thesamesettingdor zoomandfocus. To minimisenumericainstability we used
multiple views atthe samesettingsby generatingadditionalsetsof imagesof a calibrationgrid.
Thecolineationbetweerlinesin theright andleft imagesdescribedy the fundamentamatrix
hassevendegreesf freedomandcanbesolvedusingleastsquarenethodbasednatleasteight
pairsof correspondingoints[8]. Pointsareextractedautomaticallyusingcurvatureoperators
andmatchesareautomaticallyestablishedisinga relaxationbasedalgorithm.



2.3. Rectification

To simplify point comparisonghe fundamentamatrix is usedto rectify the imagepairsin
the way that correspondingepipolarlines are parallelto the abscissat the samevaluefor the
ordinatein the imagecoordinatesystem[7,9]. Figurel shaws the rectifiedimageof the left
ocular

2.4. Disparity map

After rectificationfor eachpoint of theleft imagesa correspondingoint hasto befoundon
the epipolarwith the sameordinatevalue. The luminancewithin a window of predefinedsize
is comparedisinga zelo-meamnormalisedsumof squaeddifferenceZNSSD)criterion:
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where d denotesthe disparityand I’ = I(x,y) — I(z,y), with I(x,y) for the intensity at
image point (z,y) and I(x,y) for the meanintensity over the correlationwindow of size

(2w + 1) x (2h + 1). Indeces andr denotethe left andright imagesrespectiely. For the
sumswe have —w < i <wand—h < j < hwithi,j € 7Z.

ZNSSD,,(d) = —

If thecriterionis below adefinedthresholdhepointpairis amatchcandidate Thedifference
in the abscissaalueof two matchcandidatess calleddisparity Additional robustnesgor the
point pairingis achiezed by respectinghe orderingconstraintwhich saysthatthe orderingof
correspondingpointsremainsunchangean correspondingpipolarlines. The searchinterval
for the disparityis determineddy the opticalgeometryof the microscopeandthe camerasand
the positionof the surfacerelative to themicroscope.

A subsequentlgppliedmedianfilter andanerosionremove falsepositivesfrom thedisparity
map. A furtherfilter computeghe derivativesof the disparitymapandsmoothest by locally
fitting a planeto the pointsin thefilter window [10]. Figures2 and3 shaw the disparitymaps
beforeandafterfiltering.

2.5. Reconstruction

The surfacecan be directly reconstructedrom the disparity map: larger disparitiescorre-
spondto pointscloserto the obsener. Thereconstructiorbasedon an estimatedundamental
matrix canonly be determinedup to a projectie transformation.From the calibrationof the
microscopeandthe fundamentamatrix this final projective transformatiormatrix canbe cal-
culated[11]. Figure4 shavs andexampleof areconstructedurface.

3. Results

Until now we have beenableto apply the methodon intra-operatre imagesof four patients
and a total of twenty image pairs. The extend of the obsened fields of view reachedrom
about7 cmto 12 cm. Theimageresolutionis 768 x 576 pixels. For eachsetof zoomand
focussettingcalibrationimageshave beentakenright afterthe operatiorto preventerrorsfrom
camerdixation. Theerrorsfor the calculationof thefundamentamatrix arein theorderof one
pixel. A window sizeof 11 pixelsgivesthe bestresultsfor our preliminarytestsfor luminance
matchingfollowed by a smoothingstepon the disparitymapwith a 7 pixel window size. The
searchinterval for the disparity mapis adjustedmanuallyby comparingpoints of interestin



Figure 1. Rectifiedimageof the left micro- Figure 2. Disparity mapfrom ZNSSD crite-
scopeview. rion.

Figure3. Disparity mapaftermedianfiltering Figure 4. Reconstructedsurface, textured-

andlocal planefitting. mappedwith the original image. The holes
correspondto the areaswhere the disparity
mapcontainsno information.



theimagepairs. Overall calculationof the disparity map performsvery good. However, the
matchingfails on variousregions and pointsin the imagesand leaves multiple holesin the
disparitymap.

Examinationof the regionswhich werenot reconstructeghows thatmostof themare satu-
ratedin oneor bothof the originalimagesdueto speculareflection.Otherregionswhich were
notreconstructe@reareason the borderof the sumgical field with gauzeor clothwherethereis
notextureto exploit for theluminancecomparisonAlthoughthebrainsurfaceis speckledwith
tiny vesselavhich give it enoughtexture for reconstructioriherearesomeareason larger gyri
of uniform colour Thoseareasarenotrecoveredby thereconstructioreither

4. Discussionand Conclusion

We have demonstratethatthe stereoscopiceconstructiorof the brainis feasiblefrom only
the two imagesof a stereoscopienicroscopeview. The main problemis the particularity of
the intra-operatre imagesof the brain surface. The microscopes light sourceis parallelto
the optical axes which, in conjunctionwith the wet brain surface, causesa large amountof
speculareflection.We cannotcalculatethesurfaceby luminancecomparisoror pixelsin these
reflectionareas But theresultsarestill satishctoryaswe do notneedto know theexactsurface
of every point. For visual applicationlike the alreadymentionedocclusionproblemit seems
sufficientto fill theholesin thedisparitymapwith aninterpolationtechniqueby exploiting ana
priori knowledgeaboutthesurface.Suchanapriori knowledgeis thefactthatthereconstructed
surfaceis asinglesurfaceandrelatively smooth.

For otherapplicationdik e distancameasure$or brain-shiftevaluationit is preferablenotto
interpolate sincetheaccurag of thereconstructegointsis moreimportantthanthe numberof
thesepoints.

The authorsareaware of the factthatvalidationis of immediateconcernfor the furtheruse
of this method. To validatethe accurag of the reconstructionyve planto apply the algorithm
on known syntheticscenewith real intra-operatre imagesasobjecttexture. The microscope
calibrationhasto berecoveredin orderto passfrom the for the momentonly projective recon-
structionto aneuclidianreconstruction.

We alsohave to evaluatethe reconstructiorof imagesat a highermagnification.At a higher
magnificationwe might probablyloosesometexture from the vesselsandhave larger areasof
unrecwerableuniform intensity

We considerintra-operatie stereoscopitmagesfrom the sugical microscopeasa sofar un-
exploited additionalmodality in multimodal neurosugery. We alreadymentionedbrain-shift
estimationand occlusionas possibleapplications.A surfacereconstructiorgivesus alsothe
possibilityto updatea scenadependingon the progresf theinterventionor to verify or estab-
lish registrationto the patient. Thereis alsothe possibility to calculatethe volumeof resection.

Our methoddoesnot require expensve additional equipmentas long asit is possibleto
captureintra-operatre imagesfrom a suigical microscope.

REFERENCES

1. PierreJannin,Oliver J. Fleig, Eric SeigneuretChristopheGrova, Xavier Morandi, and
Jean-MarieScarabin.A datafusion ervironmentfor multimodaland multi-informational
neuronaigation. ComputerAidedSugery, 5:1-10,2000.



10.

11.

DaminiDey, PiotrJ.Slomka,David G. Gobbi,andTerry M. Peters.MixedRealityMerging
of Endoscopidmagesand 3-D Surfaces. In Medical Image Computingand Computer
Assistedntervention(MICCAI), volumel1935o0f Lectuie Notesin ComputerSciencepages
796-803.SpringerVerlag,2000.

P. Jannin,A. Bouliou, E. JournetandJ. M. Scarabin.Ray-tracedexture mappingfor en-
hancedirtuality in image-guidecheurosugery. In StudHealthTechnol Inform, volume29,
page$H53-563,1996.

M.A. Audette K. Siddigi,andT.M. Peter Level-setsurfaceseggmentatiorandfastcortical
rangeimagetrackingfor computingintrasugical deformations.In Medical Image Com-
puting and ComputerAssistedntervention(MICCAI), volume 1679 of Lecture Notesin
ComputerSciencepages/88—797 SpringerVerlag,1999.

OskarSkrinjar, HemantTagare,andJamesuncan. Surfacegrowing from steredmages.
In IEEE ComputeiSocietyConfeenceon ComputeMsionandPatternRec@nition (CVPR
2000) volumell, pagess71-576Hilton Headlsland,SC,USA, june 2000.

R. Klette, K Schins,and A Koschan. ComputerVision: Three-DimensionaData from
Images Springer 1998.

Olivier Faugeras. Three-DimensionalComputer Vision: A Geometric Viewpoint
MIT PressCambridgeMassachusett4,993.

ZhengyouzZhang,RachidDeriche,Olivier FaugerasandQ. T. Luong. A robusttechnique
for matchingtwo uncalibratedmageghroughtherecovery of theunknovn epipolargeom-
etry. TechnicalReportRR-2273,Inria, Institut Nationalde Rechercheen Informatiqueet
enAutomatique 1994.

N. Ayache. Atrtificial Vision for Mobile Robots: Steeo Vision and Multi-sensoryPercep-
tion. MIT PressCambridgeMA, 1991.

FrédéricDevernayand O. D. Faugeras.Computingdifferential propertiesof 3-D shapes
from stereoscopignageswithout 3-D models.In Proceeding®f the InternationalConfer
enceon Computension and PatternRecanition, pages208—213,1994.
FredericDevernayandOlivier Faugeras.From projectve to euclidearnreconstruction.In
Proceeding®f the InternationalConfeenceon Computeiision and Pattern Recanition,
page64—269,1996.



