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Simulation study to evaluate accuracy of target tracking in external radiotherapy
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Abstract : The purpose of this study was to address image lag in target tracking and its influence on the accuracy of target
tracking. Fluoroscopic images were obtained using a direct type of dynamic flat-panel detector (FPD). Image lag properties,
modulation transfer function (MTF), and profile curves were measured. Digital phantoms of metal sphere with and without
blurred edge due to image lag were simulated using the results, respectively, and then superimposed on breathing chest
radiographs of a patient. The moving target with and without image lag was traced using a template-matching technique. In
the results, the image lag for the first frame after X-ray cutoff was 2.0% and decreased to less than 0.1% in the fifth frame.
In the measurement of profile curves on the edges of tungsten material plates, the effect of image lag was seen as blurred
edges of the plate. The blurred edges of the plate were also indicated as reduction of MTF. However, the target could be
traced without tracking error. The results indicated that there was no effect of image lag on target tracking in usual
breathing speed in a radiotherapy situation.
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Fig.1 (a) Process of creating a digital phantom. A metal sphere of 3 mm in diameter with a well-defined edge, moving at a rate
of 10 mm/s, is simulated. The bold and solid lines show simulated target with image lag (n = 4), Tig(4). Results image of
a metal sphere (b) without and (c) with image lag. The direction of movement is diagonally downward to the right.
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Fig.2 (a) Simulated images with a metal sphere in the right
lower lung (n=0) and (b) the enlarged images the metal
sphere surrounded by the solid squares.
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Fig.3 Image Lag properties. (a) Average pixel values measured in the ROIs. (b) L, for frame n=0

through n=9. Error bars show £SD.
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(10 mm/s), (b) MTF of static and moving tungsten materials plate on an edge of direction of movement (10 mm/s
and 20 mm/s). The MTF of a moving plate is much lower than that of a static plate.
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Fig.6 Results of automatic tracking of a moving metal sphere with and without image lag at a rate of
(a) 10 mm/s and (b) 20 mm/s. (SI: Superior to Inferior, RL: Right to Left). There are no
tracking errors in any data set, with and without image lag.
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