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Purpose: To develop a multiple fiducial markertracking systemprovidingprecisetumorlocalization for beamgatingandtracking.

Method and Materials: We developeda multiple markertracking systemallowing usto trackimplantedfiducial markersfor the
treatment of mobile tumors. For each patient,LAT andAP fluoroscopic videoswere acquiredduringthetreatment.For each
fluoroscopic frame,we first applied aprediction moduleto predict themarker positionsandthena detectionmoduleto detectmarkers
in theareaaround thepredictedpositions.Then,we applied a multiple objecttrackingalgorithm to identify thetruemarkersamongall
thedetectedones.Breathing pattern informationwasusedto improvethetrackingperformance.Four criteria were usedto identify
trackingfailures,andwhentracking failure happened,thesystemcould immediatelyinform theuseranddisablethetreatmentbeam.

Results:We comparedtheperformanceof theproposedsystemto a conventionaltracking system.To testtherobustnessof the
trackingsystem, artificial markerswere addedaroundthetruemarkersto generatefalsematches.Theconventionalsystemeasily
missestrackingmarkersin thepresenceof artificial markers;furthermore,it cannotdetectsubsequenttracking failures.Ourproposed
systemcouldtrackmarkerswell in thepresenceof artificial markers,andit could also successfullydetecttracking failures.Our

proposed systemachieved a 0% failureratealmostall thetime,andit yielded a low 95e (themaximum markertracking error at 95%

confidence level) – less than1.5mm.

Conclusion: Theproposedmarker trackingsystemcantrack multiple markerssimultaneously without confusionandit is robust
enough to continuetrackingevenwhenthemarkeris movingbehind bonyanatomy.It canalsodetecttrackingfailuresandinform the
user.
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