
AbstractID: 7524 Title: Accurate prediction of intra-fraction motion using a modified linear
adaptive filter
Purpose: To predicttumor position in orderto compensatefor temporallatencyof a targettracking-baseddynamicradiation dosedelivery
system.

Method and Material s: A linearadaptive filter was trainedfor real-timeprediction of tumortargetposition. Signalhistory was first fi ltered
by a low-passfilter (LPF). Template matching was used in orderto selecttrainingexamples that were closestto thecurrent case, usingthe
distancemetric:
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where,
jD = distancebetweenj th training exampleandtest case
j

ix = ith componentof jth training example

ix = ith componentof testcase.

This algorithm was applied to 160 3D tumor motion datasets acquired from 46 patients. Algorithm parameterswere selected through a
comprehensivesensitivity analysisperformedon 10% of thedatasetsthatexhibitedmaximum peak-to-peakmotion.Theresultingparameters
were usedto analyzealgorithm performanceover the remaining 90% of the datasets. Root meansquare(RMS), maximum, mean and
standarddeviationof errors with and without prediction were calculated. The error distribution wastested against a Gaussiandistribution
using theKolmogorov-Smirnov (KS) test.

Results: Sensitivity analyses showedthat a third-orderButterworth LPF having cutoff frequencyof 2 Hz wasthemostsuitable.Examination
of error indicatesthat it has close-to-zero mean for all thethree dimensionsandstandarddeviation is of the order of 0.1 mm. Moreover, the
D-statisticsof KS test are closeto 0.1 (indicating a distribution that closely approachesa Gaussian) exceptfor caseswheretumor motion
itself is very small (lessthan5 mm). Compared to no prediction, the algorithm reducedRMS andmaximum errors, on average, by 74.58%
and55.39% respectively.

Conclusion: We have developeda robust and highly efficient algorithm for predicting respiratory tumor motion. Future work includes
integrationof thealgorithm with the laboratory setup of a dynamic MLC-basedtargettrackingsystem.


