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Purpose: Image segmentationtechnologycanautomatethe taskof contouringorgansat
risk for radiation treatmentplanning. While automatic methods tend to be rule-based,
atlas-based,or mesh-based,a combinationof all threeapproachesis proposed.
Method and Materials: Model-based segmentationcan be initialized by automatically
positioning the adaptablemeshesrelative to the scan. The entire sceneis segmentedin
order to recognizethe approximate organ locations. Segmentation is accomplishedby a
5-layer hierarchy that propagates information from the voxel layer up to voxel
neighborhoods,thentissues, thenorgans,andfinally organsystems.
The voxel layer treats each voxel as an independent statistical event. Bayesian
classification usesan atlas in the form of a spatially varying prior constructedfrom
training data. The classification is adaptive within an Expectation-Maximization
frameworkthatiteratively performssegmentationandmodel-estimation simultaneously.
The neighborhoodlayer introduces local contextualconstraints using Markov random
fields. The tissuelayer corrects mistakesusing a series of logical rules. Theorgan layer
dividestissueinto differentorgans,or stitchesdifferent tissuestogether to form anorgan.
Organcross-sections are segmented in order by quantitativeconfidencemeasures.The
systemslayer manipulates geometric primitives that havebeen fit to organsin order to
reconcileoverlaps. 
Results: Theautomatic initialization of mesheshas beentrainedandtestedon 5 prostatic
datasets. Processingtime for volumeswith roughly 60 slices,and 256x256pixels per
slice, is 40 secondson a standard PC, without any human interaction.The segmentation
resultsfrom thesame5-layerhierarchy wereverified by the trainedexpertsand redeemed
to beacceptable.
Conclusion: A 5-layer hierarchy can perform both recognition and delineation,seeing
the big picture as well as the details. Such a framework where local decisions are
supportedby globalpropertiescanbeusefulin addressinginconsistent rectumcontents.


