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Purpose: Thepurposeof this studywasto develop a novel techniquefor dynamicallypredicting respiration motion anduncertainty
up to 1.5 secondsin the future in real-time usingTime-Delay Kernel Regression(TDKR) modeling. Unlike neural network based
prediction techniques,kernel regressionmodelsarecontinuously learning newrespiration cyclesfor eachpatient without theneedfor
computationallyandtime intensive re-training.

Method and Materials: Recordedrespiration datafrom a real-time respiratory gating systemwasusedto developa model to predict
the amplitude of themarker block at a future time.An empirical TDKR model wasdesignedto compensate for the latency that occurs
between the acquisitionof the image and the point at which the beamactually turns on/off in beamtracking systems.This non-
parametricmodel incorporatesthetemporalinformation present in theinputdata. Themodelwastestedusingrespirationdatafrom 4
patients.

Results: Theroot meansquarederror (RMSE) betweenthemodelprediction’s andthemeasured datawascomputed for eachpatient
at different latencies,and then the averagewas takenover all the patients. For predictions1.5 secondsinto the future the average
RMSE was1.4%. For predictions 1 secondinto the future, the RMSE droppedto 1.2%,andfor 0.5 secondsit wasonly 0.7%. The
averageuncertainty for the predictionsat 0.5,1, and1.5secondsinto thefuturewas2.4%, 3.2%,and3.4%, respectively.

Conclusion: This study provesthat a TDKR model can learn the complexrelationshipspresentin respiration data. The reported
resultsshowed that the TDKR model hasthe same,if not better predictive performance,as previously studied parametric models.
However, becauseTDKR is non-parametric, it has severaldistinct advantagesover these models that make it more suited for
respiratorygatingapplications.


