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Purpose: To construct a registration quality evaluator(RQE)for 2D-3D registration to automatically determine the “goodness”of a
registration for user-definederror tolerancebasedon averagepixel shift in theregion of interest, a more consistentquantification of
registration error,rather thanconventional units in mm anddegree.

Method and Materials: RQEwasautomaticallyconstructedfrom two orthogonal kilovoltageportal imagesandtheircorresponding
CT datasetof ananthropomorphic cranial phantom. Digitally reconstructedradiographs (DRRs)weregeneratedfrom a registered CT
datasetby addingknownarbitrary displacements. Thennormalizedmutual information (NMI) valuesbetweeneach pair of DRRsand
their correspondingportal imageswerecomputed,andassociatedwith theknownregistration error. Basedon a user-definederror
tolerance,eachsample,which includesa NMI valueandits knownregistrationerror, wasclassifiedasa successful or unsuccessful
registration. Finally, supervisedlearning wasperformedto calculate a decision threshold on NMI. To determine thegoodness of a
registration, theregistration error canbeestimated by calculating theNMI relatedto theregistrationoutputandcomparing thevalue
with theRQEthreshold.To estimateRQEperformance, radio-opaque markerswereattachedto thephantomandmarker-based
registrationswere carried out independentlyto establish a gold standard.In theabsenceof markers, this standard canbeestablishedby
usingmultiple runs of a registrationalgorithm alongsidevisualverifi cation.

Results:RQE training yieldeda sensitivity anda specificity of 0.9804(0.8955-0.9995) and0.9388(0.8313-0.9872) respectively at
95%confidenceinterval. Usingtestdataset,the sensitivity andthespecificity of RQE were0.939and0.937,respectively.

Conclusion: Ourphantom studyshowedRQEhadverygoodperformancein identifying registrationerrorsin 2D-3D registrations.As
partof an automated patient positioning system, RQEcanbecombinedwith a 2D-3D registrationalgorithm to avoidlocaloptima and
improve robustness.


