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Fluorescence image correction with constrained least squares filtering method for 3D dose
DU Yonghuan, YANG Yue, DONG Shuncheng, ZHANG Peiyi, WEN Wanxin

School of Radiation Medicine and Protection, Suzhou Medical College, Soochow University, Suzhou 215123, China

Abstract: Objective To correct the fluorescence image of the plastic scintillators under beam irradiation using the constrained
least squares filtering method for improving the accuracy of 3D radiation dose verification system based on scintillator
fluorescence. Methods The radiation-induced fluorescence map taken from orthogonal 3-view angle was denoised, and the
point spread function (PSF) of the imaging system was calculated using Zemax optical simulation software and adjusted by
Lorentz function. Then, the constrained least squares filtering method was used for the deconvolution of the orthogonal 3-
view projection image after denoising. The 3D dose distribution reconstruction was carried out on the images before and after
correction, and the results were compared with the dose distribution calculated in the Pinnacle’ treatment planning system.

Results For the square radiation fields of 4 cm>4 cm and 3 cmx3 cm, the average 2D Gamma passing rates (threshold 10%,
3%/3 mm) after correction with the constrained least squares filtering method were increased by 22.95% and 5.76%,
respectively, and the root-mean-square errors (RMSE) of the percentage depth dose (PDD) curve on the center axis were

reduced by 1.13% and 0.63%, respectively. For the square radiation field of 2 cm*2 cm, the average 2D Gamma pass rate

improve the accuracy of 3D radiation dose verification system based on scintillator fluorescence.

(threshold 20%, 3%/3 mm) after filtering correction was increased by 1.54%, and the RMSE of the PDD curve was reduced
by 0.49%. Conclusion The correction of orthogonal 3-view projection image before 3D dose reconstruction can effectively

Keywords: dose verification; constrained least squares filtering; point spread function; Gamma passing rate
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Figure 1 Experimental platform for imaging system using plastic scintillator
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Figure 2 Schematic diagram of the optical imaging

system model simulated by Zemax
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Figure 3 Schematic diagram of x—, y— and z-axis projections
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Figure 4 Comparison before and after image preprocessing
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Table 1 SSIM comparison after filtering with different parameters
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Figure 6 Schematic diagram of the principles of 2D Gamma analysis
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Figure 7 Comparison of 3D dose reconstruction results before and after image correction
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Figure 8 Comparison of 2D Gamma passing rates before and after image correction
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