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•• Objective, Difficulty & StrategyObjective, Difficulty & Strategy

•• Knowledge-based Coarse-to-FineKnowledge-based Coarse-to-Fine

ClassificationClassification

•• Result & ValidationResult & Validation

•• SummarySummary

Image GREYC-ISMRAImage GREYC-ISMRA

����	
�����
����	��
�����
��
�������	
�����
����	��
�����
��
���

•• ObjectiveObjective
–– Segment & Classify Segment & Classify NeuroanatomicNeuroanatomic Brain Structures Brain Structures

–– MRI VolumeMRI Volume

•• DifficultyDifficulty
–– Overlapping & Inhomogeneous Intensity, Noise, PVEOverlapping & Inhomogeneous Intensity, Noise, PVE

•• StrategyStrategy
–– TalairachTalairach Atlas Atlas

–– Knowledge-based Coarse-to-Fine ClassificationKnowledge-based Coarse-to-Fine Classification
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Registration TemplateRegistration Template
& & Talairach Talairach AtlasAtlas Original MRI VolumeOriginal MRI Volume

RegistrationRegistration
& Superimposition& Superimposition

Pre-processingPre-processing

Fuzzy Model of ROIFuzzy Model of ROI Over-segmentationOver-segmentation
using Fuzzy MRFusing Fuzzy MRF

Region-wise Classification with Region-wise Classification with GAsGAs

VoxelVoxel-wise Refinement with Parallel Region Growing-wise Refinement with Parallel Region Growing

Final Classification ResultFinal Classification Result
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•• Applied on MRI VolumeApplied on MRI Volume
•• Pre-processingPre-processing

–– Skull RemovalSkull Removal
–– Noise SuppressionNoise Suppression

–– Intensity Intensity InhomogeneityInhomogeneity Correction Correction

•• Over-segmentationOver-segmentation
–– Pure Tissues (CSF, GM, WM) & MixturesPure Tissues (CSF, GM, WM) & Mixtures
–– Fuzzy MRF (Fuzzy MRF (Markov Markov Random Field)Random Field)
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•• Register Register Talairach Talairach Atlas onto MRI VolumeAtlas onto MRI Volume
–– Registration TemplateRegistration Template
–– Register Template onto MRI VolumeRegister Template onto MRI Volume
–– RegisterRegister Talairach Talairach Atlas onto MRI Volume Atlas onto MRI Volume

•• Fuzzy Model of ROIFuzzy Model of ROI
–– Applied on Registered Applied on Registered Talairach Talairach AtlasAtlas
–– by Analogy with Electrostatic Potential Fieldby Analogy with Electrostatic Potential Field
–– for 4 Important Brain Structuresfor 4 Important Brain Structures
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Image from OriginalImage from Original
Talairach Talairach AtlasAtlas

Image from RegisteredImage from Registered
TalairachTalairach Atlas Atlas
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Image from FuzzyImage from Fuzzy
ROI of VentricleROI of Ventricle

Image from FuzzyImage from Fuzzy
ROI of CaudateROI of Caudate

Image from FuzzyImage from Fuzzy
ROI of ROI of PutamenPutamen

Image from FuzzyImage from Fuzzy
ROI of ThalamusROI of Thalamus
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•• Applied on Over-segmented VolumeApplied on Over-segmented Volume
•• Genetic Algorithms (Genetic Algorithms (GAsGAs))

–– Fitness Function 1:Fitness Function 1:
•• Relates to Matching of Area between: Relates to Matching of Area between: 

Registered Atlas & Classified MRI VolumeRegistered Atlas & Classified MRI Volume
–– Fitness Function 2:Fitness Function 2:

•• Relates to Matching of Intensity Mean between:Relates to Matching of Intensity Mean between:
Classified Classified Voxels Voxels & Estimated Value& Estimated Value
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•• Why need Refinement?Why need Refinement?
–– Coarse Intensity-based Over-segmentationCoarse Intensity-based Over-segmentation

•• Parallel Region GrowingParallel Region Growing
–– Select Seeds from Region-wise ClassificationSelect Seeds from Region-wise Classification
–– Growing Criteria:Growing Criteria:

•• Significant Membership in Fuzzy ROISignificant Membership in Fuzzy ROI
•• Fall into Neighborhood of EstimatedFall into Neighborhood of Estimated

Intensity MeanIntensity Mean
•• Multifractal Multifractal Dimension to Decide RidgeDimension to Decide Ridge
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Image from OriginalImage from Original
MRI VolumeMRI Volume

Image from ClassifiedImage from Classified
MRI VolumeMRI Volume

Rendering of ClassifiedRendering of Classified
MRI VolumeMRI Volume
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FF PP FF NN KK aa pp pp aa

VV ee nn tt rriicc ll ee 0 .0 7 0 0 .0 1 8 0 .9 5 7

CC aa uu dd aa tt ee 0 .1 1 2 0 .0 8 6 0 .9 0 2

TT hh aa ll aa mm uu ss 0 .0 9 0 0 .0 6 3 0 .9 2 4

PP uu tt aa mm ee nn 0 .0 8 3 0 .0 4 9 0 .9 3 4

FP: False Positive Ratio; FP: False Positive Ratio;          FN: False Negative Ratio FN: False Negative Ratio
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•• AchievementAchievement
–– Segment & Classify 4 Important Brain Structures:Segment & Classify 4 Important Brain Structures:

Ventricle, Caudate, Thalamus & Ventricle, Caudate, Thalamus & PutamenPutamen

•• Knowledge usedKnowledge used
–– Intensity-based: Statistics, Intensity-based: Statistics, MultifractalMultifractal Singularity Singularity

–– Atlas-based: Shape, Size, Distance & RelationshipAtlas-based: Shape, Size, Distance & Relationship

•• ConclusionConclusion
–– Knowledge-based Classification is PromisingKnowledge-based Classification is Promising
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