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Purpose:
To quantify thevalidity of the temporal interpolation providedby a nonlinear uncorrelated contourbasedpathlengthminimizing
deformable registrationalgorithm in 4D radiationtherapy.

Method and Materials:
Theanatomical surfacesare representedastriangulatedmeshes.The registrationalgorithm is implementedby defining a norm
betweenthetriangulatedmeshes,basedon thealgorithms of GlaunèsandVaillant. This algorithm matchestwo surfacesasopposedto
imageintensities or specif ic points.Additionally, it optimizesthepathbetweenthemallowing for a temporal interpolation.The
registration is definedas the flow of an unlabeled3D point setto anarbitrary targetsurfacethatminimizes boththenorm betweenthe
target andregisteredsurfaceand thenon-linearpathlength betweenthe sourceandregisteredsurface.Groundtruth surfaceswere
generatedfrom 4D lung datasetsusing thesemi-automaticmeshsegmentation routinefrom a researchversionof Pinnacle,with expert
manualcorrection.

Results:
To test this algorithm we comparedits ability to interpolateintermediate shapeswith a standardlinearinterpolationtechnique.We
found that this algorithmperformscomparably.
Thesimilarity metric usedwasanEuclideandistanceerror metric betweenthegroundtruth surfaceanda surface interpolatedbetween
a previousandsubsequentgroundtruth surface. It wascalculatedbetweentheinterpolatedandtruth vertexesandtheirclosestpoints
on thetruth andinterpolatedsurfaces,respectively. This metric is independentof theinterpolationandsurfacetriangulationused,and
thusis applicableto other interpolationalgorithms.

Conclusion:
This work showsthatthis general, path lengthminimizing deformableregistration algorithm basedinterpolationperformssimilarly to
linearinterpolationin approximately correlated,intrafractional datasets.This algorithmhastheadvantageof utilizing surfaceswith
arbitrary triangulations without point correspondences.We furtherdiscoveredthatthis specific algorithm exhibitednumerical
instabilities thatrequire further investigation.
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