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Fig. 1. Comgarison of the Monte Carlo photon dose calculations with different number of histories. (a) relative dose distribution
with 3.6 X10° number of histories simulation (b) statistical uncertainties with 3.6 x10° number of histories simulation (c) relative dose
distribution with 3.6 X10” number of histories simulation (d) statistical uncertainties with 3.6 10" number of histories simulation.
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Fig. 2. The 5th order 11x11 and 6th order 11 x11 filter used in this study shown as examples.
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Fig. 3. Gradient field map of 1% histories
of benchmark presenting the effects of
noise in dose distribution. The box area
was enlarged for detailed description.
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Fig. 4. Process of determining filter type at calculation
points. (a) magnitudes of gradient vectors at each point (b}
distributions of the gradient vector categorized in 5 levels
(c) filter types to be applied. Each filter type has its own
index number.
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Fig. 5. Schematics of beam and phantom setup for Monte Carlo sxmulatlons in this study. (a) 6 MV, 10x10 cm® photon dose cal-
culation in homogeneous phantom (b) 4 ports 6 MV, 10x10 cm’ photon dose calculation in heterogeneous lung phantom (c) 21
MeV, 10x10 em’ electron dose calculation in homogeneous phantom (d) 21 MeV, 10x10 em’ electron dose calculation in hete-

rogeneous bone phantom.
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Table 1. Setup information of beams and phantoms used in this study.
Field size No. of No. of Voxel
Beam type Energy (sz) beam Phantom type voxels size (mm)
1 Photon 6 MV (poly) 10x10 1 Homogeneous 60 X 60 X 60 5
2. Photon 6 MV (poly) 10x10 4 Heterogeneous (lung) 60 x 60 x 40 5
3 Electron 21 MeV (mono) 10x10 1 Homogeneous 50 x50 X 30 4
4 Electron 21 MeV (mono) 10x10 1 Heterogeneous (bone) 50 x50 x 50 4

Table 2. Statistical uncertainties due to different number of histories for each study. Statistical uncertainties were
calculated only considering voxels with dose value of exceeding 10% of maximum dose at each case.

Statistical Statistical
Photon No. of histories uncertainties Electron No. of histories uncertainties
(%) (%)
1 "Benchmark 3.6%10° 0.39 3 Benchmark 1x10% 0.25
50% 1.8%10° 0.56 50% 1.8x10°8 0.36
10% 3.6x10° 1.2 10% 3.6x10° 0.80
5% 1.8x10° 1.7 5% 1.8%x10 1.1
1% 3.6 x10 3.9 1% 3.6x10° 25
2 Benchmark 3.6 x10° 0.56 4 Benchmark 1x10° 0.25
50% 1.8x10° 0.8 50% 1.8x10° 0.35
10% 3.6x10° 17 10% 3.6%x10° 0.79
5% 1.8x10° 24 5% 1.8x10° 1.1
1% 3.6 %10 5.2 1% 3.6x10° 25
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Fig. 6. Isodose curves of photon dose calculation in homogeneous and heterogeneous phantom. (a) 1% and (b) 5% histories of
benchmark in homogeneous water phantom (c) 1% and (d) 5% histories of benchmark in heterogeneous water phantom (lung
material was inserted). Solid lines represent the de-noised distribution while dashed lines representing the benchmark.
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Fig. 7. Isodose curves of electron dose calculation in homogeneous and heterogeneous phantom. (a) 1% and (b) 5% histories of
benchmark in homogeneous water phantom (c) 1% and (d) 5% histories of benchmark in heterogeneous water phantom (bone
material was inserted). Solid lines represent the de-noised distribution and dashed lines represent the benchmark.
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Table 4. Maximum gamma indices before and after the denoising process of each study. Gamma value reduction
owing to denoising was obvious for the Monte Carlo simulation with small number of histories.

Max. gamma index

Max. gamma index

Photon Electron
Raw Denoised Raw Denoised

1 Benchmark — - 3 Benchmark - —
50% 0.21 0.21 50% 017 0.16
10% 0.69 0.64 10% 0.52 0.49
5% 14 11 5% 1.2 0.95

1% 35 2.7 1% 26 14

2 Benchmark - — 4 Benchmark — -
50% 0.66 0.65 50% 0.15 0.15
10% 14 0.92 10% 0.50 0.45
5% 21 1.2 5% ' 0.6 0.52

1% 45 32 1% 14 1.0

Y {(cm)

Y (cm)

X {cm)

Fig. 8. Distributions of maximum gamma indices from the result of electron Monte Carlo dose calculation in the heterogeneous
phantom (case 4) with 1% number of histories of the benchmark at each calculation point (a) before and (b) after denoising process.
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Monte Carlo Photon and Electron Dose Calculation Time Reduction
Using Local Least Square Denoising Filters

Kwang-Ho Cheong, Tae-Suk Suh, Byung-Chul Cho*, Hosang Jin®

Department of Biomedical Engineering, College of Medicine,
The Catholic University of Korea, *Department of Radiation Oncology,
Hallym University College of Medicine, TDepartment of Radiation Oncology,
University of Florida, FL, USA

The Monte Carlo method cannot have been used for routine treatment planning because of heavy time
consumption for the acceptable accuracy. Since calculation time is proportional to particle histories, we can
save time by decreasing the number of histories. However, a small number of histories can cause serious
uncertainties. In this study, we proposed Monte Carlo dose computation time and uncertainty reduction
method using specially designed filters and adaptive denoising process. Proposed algorithm was applied to 6
MV photon and 21 MeV electron dose calculations in homogeneous and heterogeneous phantoms. Filtering
time was negligible comparing to Monte Carlo simulation time. The accuracy was improved dramatically in all
situations and the simulation of 1% to 10% number of histories of benchmark in photon and electron dose
calculation showed the most beneficial result. The empirical reduction of necessary histories was about a

factor of ten to fifty from the resulit.

Key Words: Monte Carlo, Statistical uncertainties, Denoising, Smoothing
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