Intr oduction:

The increasedmportanceof automateccomputertechniquedor anatomical
brain mappingfrom MR imagesand quantitativebrainimageanalysismeth-
odsleadsto anincreasecheedfor validationandevaluatiorof theeffect of im-
ageacquisitionparametersn performancef theseproceduresValidationof
analysistechniquef in-vivo acquiredmagesis complicateddueto the lack
of referencedata(®groundtruth®). Also, optimalselectionof the MR imaging
parameterts dif®cultdueto thelargeparametespace Brainwebmakesavail-
ableto the neuroimagingcommunity online on WWW, a setof realisticsim-
ulatedbrain MR imagevolumes(SimulatedBrain DatabaseSBD) thatallows
theaboveissuego beexaminedn acontrolled,systematiavay.

Methods:
The3D simulatedVIR imagesaregeneratethy varyingspeci®émagingparam-
etersandartifactsin anMRI simulator which:
startsfrom afuzzy digital phantoncontainingthe spatialprobabilisticdistri-
butionof differenttissuetypes[1]; asanexampleof thegeneralityof thisap-
proach ptherbrainphantomsvereobtainedby addingMS lesions(extracted
from realMRI-s) to thenormalphantom(Fig. 1).
computesignalintensitieshasen Blochequationr signalequationsac-
countingfor partialvolumeaccordingo the scanparameterf?] (Fig. 2)
Imagenoisewasspeci®ea@sa percentstandardieviationrelativeto the mean
signalintensityfor areferencéraintissue.Multiplicative receiveintensitynon-
uniformity (INU) was simulatedusing ®eldsrecoveredrom real scans,and
scaledor differentpercensensitivityranges.

Figure1: exampleof fuzzy tissueclassesrom the phantom:(L to R)
white matter graymatter CSF MS lesions

Figure2: real(top) andsimulatedbottom)MRI-s (bothINU corrected)
Features:
pre-computed digital custom
SBD phantoms MRI simulations
BrainWeb

Figure3: BrainW\ebfeatureverview

A pre-compute@BD wasgeneratedby varyingspeci®émagingsequencand
artifactparametersThesetof theseof parametersvaschoseraccordingo the
valuestypically encountereéh modernMRI systemg3]. Fortwo anatomical
models(normal,andwith moderateMsS lesions),simulatedvolumesfor three
imagingsequenceareavailableonline (Ty, T2, PD), eachwith severalvalues
of slicethicknessnoiseandintensityINU levels(Fig. 4).
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Figure4: WWW page:SBD selectiorfor the pre-computedolumes

In addition,BrainWeballows a remoteuserto run their own customMRI sim-
ulation (on our server)with any of severalpulsesequenceandsourcedigital
phantomsandarbitraryvaluesof theacquisitionartifacts(Figs.5, 6). After the
simulationis ®nishedtheusercanpreviewtheresultonlineor downloadt, ev-
erythingbeingdonethroughthe WWW interface.
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Figure5: generatingustomMRI simulations

selectablevalues
normal;
MS lesionmild, moderatesevere
1+10mm
SE,IR, SFLASH,CERAST, FISR
FLASH, DSE EARLY, DSE LATE

acquisitionparameter
phantom

slicethickness
scantechnique

MR pulsesequence repefitiontime (any)ms
inversiontime (any)ms

ip angle 1+150deg
echotimes (any)ms

partialvolume(slice thickness) 1+10mm
imagingartifacts 0£10%
INU 0£60%

Figure6: parameterthatcanbecontrolledfor customMRI simulations

All 3D imagevolumesarein stereotaxicspace.andcanbe interactivelyex-
ploredwith practicallyany WWW browserin threesimultaneousrthogonal
viewsatany cursorpositionin the volume(Fig. 7). Eachsimulatedbrainim-
age,aswell asthe sourcedigital phantomscanbe downloadedn a variety of
®leanddatacompressiofiormats.

Figure7: WWW page:BrainWebonlineviewer

Applications:

SBD canbeusedto:

studythe performanceof anatomicabrain mappingtechniquegasa func-
tion of different MR acquisition parameters)such as: non-linear co-
registration[4], cortical surfaceextraction[5], or tissueclassi®catiomlgo-
rithms[3].

Online Interface to a 3D MRI Simulated Brain Database

CHRIS A. Cocosco, VASKEN KOLLOKIAN, REMI K.-S. KWAN, G. BRUCE PIKE, ALAN C. EVANS
McConnellBrain ImagingCente, Mont[éal Neuwological Institute,

=

validatequantitativeanalyseof neuropathologye.g.MS lesionquanti®ca-
tion [6]), or other medicalpatternrecognitionandimage processingech-
niques.

Themainadvantagesf usingthesesimulationsare:
theansweiis knowna priori in theexperiment.
parametersanbeindependentlgontrolled(Figs.8, 9, 10, 11).

Sincethesourcefor all simulationss the samedigital phantompnehasa sys-
tematicmeansof establishinghe sensitivityof any particularprocedurewith
respecto anyimagingparameteor artifact.

Figure8: Ty, T, PD weighted(typical noiseandINU levels)

Figure9: Noise(butno INU): zero,typical (3%), extreme(9%)

Figure10: INU (butno noise):zero,typical (20%), extreme(40%)

Figure 11: slice thicknessand partial volume effect: (L to R) 1mm,
5mm,9mmslices(no noise,no INU)

Conclusion:

BrainWeb providesto the internationalresearchcommunity a convenient
accessto this resourcethrough the Internet. The full SBD, the on-
line interface for controlling the MR simulator as well as the anatom-
ical models (phantoms)used as input to it, are available on WWW at
2http://www.bic.mn i.m cgill .c a/b rainweb/°. We arecurrently
working on extendingBrain\\ebto includefMRI andPET simulateddata.
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