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Purpose: To proposea hierarchical modelfor estimation, tracking, andpredictionof respiratory tumormotion.To incorporate
modeling on different scales: semi-reproducibility globallyandslow frequency/displacementvariationlocally.

Method and Materials: The problem is formulatedwith a hierarchyof scales:On thefiner scale, a data-basedapproachis usedto
estimatethelocal variation of both displacementandfrequency,utilizing classiccontrolandchaostheory.A warping procedureis
used to "counteract"local variation, resulting in a muchmoreregular post-warpingsignal.On thegloballevel, the post-warping
(phase-synchronized)signal is modeledasa noisyobservation of anintrinsic periodic system,andthebestperiodicpatternis
estimatedwithin a nonparametric optimization setting. For trackingandprediction purposes,thelocally estimatedwarpingmap
(together with properinterpolation or extrapolation, whicheverapplies) is usedto un-warptheglobally obtainedperiodicpattern. A
recursive methodis devisedto furtherimprovetheefficiencyfor real-time processing.

Results: Theobtainedestimation/prediction signaldemonstratessimilar local variationastherawobservation, while semi-periodicity
is incorporatedto decreaseits noise sensitivity and enhanceprediction accuracy. VerificationusingRPM datashowsthat the
proposed methodreduces1-periodlook-aheadpredictionerror(RMSE)by morethan 50%comparedto perfectperiodic modeling.
Conventional local linear modelsgenerally fail in suchlong-termprediction tasks.

Conclusions:This work providesan infrastructurefor incorporatinginformation on differentknowledgelevels,andoffers the
flexibility to adaptivelybalance therolesof physical prior knowledgeanddatafidelity. Themodel-basedmethodon thegloballevel
incorporatesthewell-recognizedsemi-periodicity pattern of respiratorymotion, overcomingthemyopiaof local statemodels.Data-
driven localphasemapestimation usedin warpingandun-warping fully util izestheobservationandenjoysthefreedomof
nonparametric setup.
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