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Purpose:
Accurate motion tracking candecreasenormaltissuedose, PTV margins,andshorten treatmenttimes requiredfor radiation therapy. A

Periodic AutoregressiveMoving Average(PARMA) modelwasdevelopedto predictone-dimensionalrespiratorymotion in humansubjects.

Methods and Materials:
A PARMA prediction algorithmwas applied to clinical respiration signalsfrom threecategories:free-breathing,audio instruction, and

audio-visualcoaching. ThePARMA modelof therespiration motion is a dual-componentsignal, a partially correlatedtime-seriessuperimposed
onto a periodic pattern. The periodic componentwas estimated by averaging over the inhale-exhalecycles in a 60-secondsample of the
respiration signal, andthe autocorrelation in the residual signalwasmodeledby linear autoregressive moving average equations.The PARMA
predictionswerecomparedto thesystemlatencyerrors produced whentumortrackingis donewithout forwardpredictions. 
 
Results:

For audio-visual coaching, the PARMA prediction errors (1σ) were 0.09 mm, 0.23 mm and 0.99 mm at 0.1 s, 0.2 s and 0.5 s
respectively. A predictionerror of 0.99mm is equivalentto 7.2%of theaverageend-inhaleto end-exhalemotion.By comparison, the errorswere
0.60 mm, 1.20,and2.90 mm when the laggedsignal is usedasan estimateof current positionat 0.1 s, 0.2 s and0.5 s respectively. For free-
breathing respiration,PARMA predictions wereaccurateto within 0.10 mm (1σ) at 0.1 seconds,0.24 mm at 0.2 seconds,and 1.07mmat 0.5
seconds.The systemlatency errorswerealsosimilar to thecoachedsignals.

Conclusion:
Tumor trackingwith dynamicMLC cantheoreticallyachievesystemlatencytimesof 0.16 secondswith accuracyof about1 mm. The

predictionerrorsof thePARMA algorithm waswell underone-third of thecalculatedsystemlatencyerrorfor all lag timesinvestigated.


