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Purpose: The purpose of this study was to develop a technique to dynamically predict tumor position and uncertaintyin three
dimensionsin realtime.
Methods and Measurements: A novel multi-dimensionaltime delay kernel regression(MD-TDKR) techniquewas developedto
predict motion up to 1.5 seconds into the future. This technique useshistorical data and the correlationsbetweenthe multiple
dimensionsto predict target position, and allows for continuousmemory updatesto dynamically retrain the model. This technique
could beusedin a varietyof motionpredictionapplications.
Results: In oneexample,the algorithm inaccurately predicted tumor position, but wasableto identify the corresponding uncertainty
increase. When the model was unable to accurately predict position, the 95 percentuncertaintyinterval becomes quite large.
Likewise, the predictions are accurate where the uncertainty is small. This information can be used in determining when to
temporarily trigger the beamon-and-off. The average percenterror wascomputedat different latencies.For predictions1.5 seconds
into thefuturetheerrorwas7.83%, for 1 secondit was 6.55%,andfor 0.5secondsit wasonly 5.27%. Theaverageuncertaintyfor the
predictionsat 0.5,1, and1.5 secondsinto the futurewas4.99%, 6.18%,and7.12%,respectively.

Conclusions: This studyshowsthat MD-TDKR canlearncomplexrelationships in multidimensionalrespiration data. Becauseof its
easeof building and updating the memory matrix, the model can adjust to new operatingconditions,suchaschanges in a patients
breathing pattern. It wasalso able to determine theuncertainty for a given queryvector, allowing for theability to hold thebeamoff
when the predictionis unsure.Thesefactorsindicate that MD-TDKR has great potentialfor usein radiationoncology. It is also
anticipated thattheMD-TDKR paradigm couldbeeasily implemented intocommercialrespiratorygating systems.


