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Purpose: To develop computational algorithmsbasedon machinelearning techniquesthatallow high precisionrespiratory gatedlung
radiotherapywithout implantedfiducial markers.

Method and Materials: First, 15 secondsof fluoroscopic imagesare takenbefore the treatment.Theseimagesserveas training
images. We apply machine learning techniquesto analyzethese training images and classify them into two classes—images
corresponding to beamon (ON class) and off (OFF class)basedon a presetgating window. From the classif ied training images,
machine learning techniques can learn what features indicate beamon and what features indicatebeam off. The trained machine
learning techniquecan therefore analyze the fluoroscopicimagesobtained during the treatment, classify them, and thus generate
correct gatingsignals. The accuracy of the proposed methodsis assessedby comparing the resultswith the referencegating signals
manuallydeterminedby an expert observer.

Results: Two machine learning techniquesareconsidered—artificial neural network (ANN) andsupportvectormachine(SVM). 12
sequencesof fluoroscopicimageshavebeen studied retrospectively. Results arereported in termsof precision, which representsthe
target coverage.For ANN, theprecisions vary from 90%to 99%,with meanof 96.5%. For SVM, therangeis in 96%and100%, with
meanof 98.8%. SVM achieveshigher precisionsat thecost of longertraining time.For both ANN andSVM, their performancesare
better than thebestmethodpublished in theliterature—templatematchingmethod wheretheprecisionis from 88%to 99% with mean
of 94.7%.

Conclusion: We applied ANN and SVM to classify fluoroscopicimages. Basedon the classificationresults, treatmentbeamcanbe
turnedon andoff correspondingly. This work providesan importantclinical tool for fluoroscopicgating without implanting fiducial
markers.


