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Purpose: We developed animageregistration module for theopen-sourcesystemCERR(thecomputationalenvironmentfor
radiotherapyresearch) for thepurpose of radiationtherapy imageguidancequalityassuranceandimageanalysis. This newmodule
providesfunctionality useful for registrationalgorithm optimization, visualization, analysis, andvalidation.
Method and Materials: We implementeda seriesof automatic(rigid anddeformable) andsemi-automaticimageregistration
methods. We implemented20+ original andvariantdeformable methods,includingopticalflow basedmethodswith different
constraints, level setmotionbasedmethodsanddemonbasedmethods.We imported ITK rigid imageregistration methodsinto
CERR,includingaff ine transform,similarity transform, Euler3Dtransform, versor3D transform, etc.We alsoimplementeda multi-
grid frameworkto improvethespeedand accuracy of theautomatic registration process.In addition,we implemented3D control
point matchingmethods. We useseveral similarity metrics, includingMSE,crosscorrelation, MI etc., to quantitativelyanalyzeand
validate theregistrationresults. For results visualization,we implementedfunctionssuchasdifference,dynamiccheckerboard,image
mirror, deformationfield vectorand grid plotting, etc. We programmedtheGUI in MATLAB andJava,deformablemethodsin
MATLAB andITK rigid registration methodsin C++.
Results:ThenewCERRmodule supports3D rigid anddeformableregistration. By monitoring theregistration processand

measuringthe results, we canoptimizetheregistration methods by tuning theparameters. We tested thedeformablemethodswith
chestCT imagesandtheresults were satisfied.
Conclusion: Thegoalof this work is to extendthefunctions of CERR,to provideanopensourceimplementation of image
registration algorithms for radiotherapyresearch. As anongoingproject, we planto provide moreregistration methodsandfurther
improvetheintegrationof theregistration results with treatmentplanningdata.


