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Purpose:
The prediction of intrafractional tumor motion is requiredfor the developmentof real-time motion managedradiationtherapy. This

work investigates theability of a PeriodicAutoregressiveMoving Average(PARMA) algorithm to modelandpredict respiration motion.

Methods and Materials:
The PARMA algorithm models input signals as partially correlated time-series superimposed onto periodic waveforms. This

investigationassessedthe limitations of the PARMA methodfor accurately predicting signalswith varying levels of non-periodic behaviour. A
one-dimensionalrespiratory motion phantom was developed, which generateswaveforms to simulate breathingpatterns with randomized
non-periodicity andnoise.Multiple signalswere analysedfor each of 441 levels of non-uniformity in cycle-length andamplitude. Thesesignals
were approximately200 secondslong with 50 inhale-exhalecycleson average.

Results:
Prediction errorswere found to be dependenton prediction lag and the level of variation in the signal. At 0.5 s aheadof the input

signal, the PARMA prediction was accurateto within 4.8±0.4% of the total motion extentwhen the respirationsignalshad a 14% standard
deviation in cycle-length and14%standarddeviation in inhale-exhaleamplitude.Theseerrors increasedto 9.4±0.8%for predictionsmadeat 1.0
second aheadof the input signal.As the inter-cycle variation in the phantomsignalsincreased to 34%, the predictionerrors also increasedto
11.6±1.4% at 0.5secondand 21.6±2.0%at 1.0second.

Conclusion:
Our investigationshowedthe PARMA prediction algorithm canbeusedto predictrespiration patternswithin thelag-time required to

makethemechanical adjustments to steerthetreatmentbeamin-syncwith themotion of thetarget. However, an assumptionof a single harmonic
componentresultsin a strong dependenceon the stability in cycle-length, with lessdependence on the cycle-to-cycle amplitudeof motion. As
such, thePARMA algorithm may beusedto predictresting respirationandwell coachedbreathingpatterns.


