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Intr oduction:
The increasedimportanceof automatedcomputertechniquesfor anatomical
brain mappingfrom MR imagesandquantitativebrain imageanalysismeth-
odsleadsto anincreasedneedfor validationandevaluationof theeffectof im-
ageacquisitionparameterson performanceof theseprocedures.Validationof
analysistechniquesof in-vivo acquiredimagesis complicateddueto the lack
of referencedata(ªgroundtruthº). Also, optimalselectionof theMR imaging
parametersis dif®cultdueto thelargeparameterspace.BrainWebmakesavail-
ableto theneuroimagingcommunity, onlineon WWW, a setof realisticsim-
ulatedbrainMR imagevolumes(SimulatedBrainDatabase,SBD) thatallows
theaboveissuesto beexaminedin acontrolled,systematicway.

Methods:
The3DsimulatedMR imagesaregeneratedbyvaryingspeci®cimagingparam-
etersandartifactsin anMRI simulator, which:

� startsfrom afuzzydigital phantomcontainingthespatialprobabilisticdistri-
butionof differenttissuetypes[1]; asanexampleof thegeneralityof thisap-
proach,otherbrainphantomswereobtainedby addingMS lesions(extracted
from realMRI-s) to thenormalphantom(Fig. 1).

� computessignalintensitiesbasedonBlochequationsor signalequations,ac-
countingfor partialvolumeaccordingto thescanparameters[2] (Fig. 2)

Imagenoisewasspeci®edasa percentstandarddeviationrelativeto themean
signalintensityfor areferencebraintissue.Multiplicativereceiveintensitynon-
uniformity (INU) wassimulatedusing®eldsrecoveredfrom real scans,and
scaledfor differentpercentsensitivityranges.

Figure1: exampleof fuzzy tissueclassesfrom thephantom:(L to R)
whitematter, graymatter, CSF, MS lesions

Figure2: real(top)andsimulated(bottom)MRI-s (bothINU corrected)
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Figure3: BrainWebfeaturesoverview

A pre-computedSBDwasgeneratedby varyingspeci®cimagingsequenceand
artifactparameters.Thesetof theseof parameterswaschosenaccordingto the
valuestypically encounteredin modernMRI systems[3]. For two anatomical
models(normal,andwith moderateMS lesions),simulatedvolumesfor three
imagingsequencesareavailableonline(T1, T2, PD),eachwith severalvalues
of slicethickness,noiseandintensityINU levels(Fig. 4).

Figure4: WWW page:SBDselectionfor thepre-computedvolumes

In addition,BrainWeballowsa remoteuserto run theirowncustomMRI sim-
ulation(on our server)with anyof severalpulsesequencesandsourcedigital
phantoms,andarbitraryvaluesof theacquisitionartifacts(Figs.5,6). After the
simulationis ®nished,theusercanpreviewtheresultonlineor downloadit, ev-
erythingbeingdonethroughtheWWW interface.
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Figure5: generatingcustomMRI simulations

acquisitionparameter selectablevalues
phantom normal;

MS lesionmild, moderate,severe
slicethickness 1 ± 10mm
scantechnique SE,IR, SFLASH,CEFAST, FISP,

FLASH, DSE EARLY, DSE LATE
MR pulsesequence repetitiontime (any)ms

inversiontime (any)ms
¯ip angle 1 ± 150deg

echotimes (any)ms
partialvolume(slicethickness) 1 ± 10mm

imagingartifacts noise 0 ± 10%
INU 0 ± 60%

Figure6: parametersthatcanbecontrolledfor customMRI simulations

All 3D imagevolumesare in stereotaxicspace,andcanbe interactivelyex-
ploredwith practicallyany WWW browserin threesimultaneousorthogonal
viewsat anycursorpositionin thevolume(Fig. 7). Eachsimulatedbrain im-
age,aswell asthesourcedigital phantoms,canbedownloadedin a varietyof
®leanddatacompressionformats.

Figure7: WWW page:BrainWebonlineviewer

Applications:
SBDcanbeusedto:

� studythe performanceof anatomicalbrain mappingtechniques(asa func-
tion of different MR acquisition parameters),such as: non-linear co-
registration[4], corticalsurfaceextraction[5], or tissueclassi®cationalgo-
rithms[3].

� validatequantitativeanalysesof neuropathology(e.g.MS lesionquanti®ca-
tion [6]), or othermedicalpatternrecognitionand imageprocessingtech-
niques.

Themainadvantagesof usingthesesimulationsare:
� theansweris knownapriori in theexperiment.
� parameterscanbeindependentlycontrolled(Figs.8, 9, 10,11).

Sincethesourcefor all simulationsis thesamedigital phantom,onehasasys-
tematicmeansof establishingthesensitivityof anyparticularprocedurewith
respectto anyimagingparameteror artifact.

Figure8: T1, T2, PDweighted(typicalnoiseandINU levels)

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

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

Figure11: slice thicknessand partial volumeeffect: (L to R) 1mm,
5mm,9mmslices(nonoise,no INU)

Conclusion:
BrainWeb provides to 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
ªhttp://www.bic.mn i.m cg ill .c a/b ra inw eb/ º. We arecurrently
workingonextendingBrainWebto includefMRI andPETsimulateddata.
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