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Purpose: The purposeof this studywasto devebp a novel tecmiquefor dynamicallypredcting respiraton motion and uncetainty
up to 1.5 secondsn the future in real-time using Time-Delay Kernel Regession(TDKR) modeling. Unlike neurl network based
predidion techniqueskemel regresion modelsarecontinuousy learring newrespiratim cyclesfor eachpatient without the need for
computationallyandtime intengve re-training.

Method and Materials: Recorad respration datafrom a reattime resiratory gating systemwasusedto developa modd to predict
the amgitude of the marke block at a future time.An enpirical TDKR model wasdesignedo compensafor the latency that occus
betweenthe acquisitionof the image and the point at which the beamacually turns on/off in beamtracking sysems. This non
parametrianodd incomporaesthetemporalinformation preentin theinputdaia. Themodelwastested usingrespiationdatafrom 4
pdients

Results: Theroot meansquaed error (RMSE) betweenthe modelpredction’s andthe measued datawascompued for eachpatient
at different latencies,andthenthe averagewas takenover all the paients. For predictions1.5 secondsinto the future the average
RMSEwas1.4%. For predicions 1 secondnto the future, the RMSE droppedto 1.2%,andfor 0.5 secondst wasonly 0.7%. The

averageaincertinty for the predictionsat0.5,1, and1.5 secomlsinto the futurewas2.4% 3.2%,and3.4% respectively.

Conclusion: This study provestha a TDKR modd canlearnthe complexrelationshipspresentin respiraton data. The reported
resultsshowael tha the TDKR model hasthe same,if not better predictive performance,as previoudy studied parametic models.
However becauseTDKR is non-paraméric, it has severaldistinct advantagesover these modelstha make it more suited for
respiratorygatingapplicatons.



