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Accelerating Monte Carlo radiative transfer simulation of water using GPU technique

DU Keping' & XUE Kun*"*

(1: State Key Laboratory of Remote Sensing Science, School of Geography, Beijing Normal University, Beijing 100875, P.R.
China)

(2. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy
of Sciences, Nanjing 210008, P.R.China)

(3: University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

Abstract: Radiative Transfer Equations (RTE) of water body are complex integro—differential equations, which can be solved by
different numerical methods, e.g., Monte Carlo ray tracing, invariant imbedding, and discrete ordinates. Monte Carlo method is a
powerful technique, which can be used in any water body, even those whose boundary conditions and inherent optical properties
(I0Ps) vary in three dimensions. However, the Monte Carlo method is computationally costly, which limits the use for many prob-
lems in optical oceanography. In this paper, a new kind of acceleration technology to accelerate the ocean radiative transfer simula-
tion, using the CUDA-enabled graphics processing unit (GPU) is presented. With the approach’s help, it is easy to code on
NVIDIA GPUs and there is no need to worry about the hardware details of a specific GPU. Firstly, some basic ideas of ocean radia-
tive Monte Carlo simulation are introduced, then GPU programs for ocean radiative transfer simulation are implemented. Finally,
the performances of the two GPUs (NVIDIA GTX 670 GPU and NVIDIA Quadro 6000 GPU) with their CPU counterparts are com-
pared. From our numerical results, the speedup over hundreds of times for solving the issues is achieved compared with that ob-
tained using CPU.
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Tab.1 Properties of two computer environments

CPU GPU A

TEIEE 1 Intel(R) Xeon(R) E5-1620, 3.60GHZ, 8 # NVIDIA GeForce GTX670, 4GB, 256-bit MATLAB R2012b
1553585 2 Intel(R) Xeon(R) X5690, 3.47GHZ, 12 #  NVIDIA Quadro 6000, 6GB, 384-bit MATLAB R2012a
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% 3 ASCHEZE H 5 Mobley 45 2 IF5E 45 JL 9-F- M4 (8 S-S MIRHR 22 (A ST FHCh 107)
Tab.3 Ed, Eou and Lu values in this paper and relative error (§) with
average value of Mobley et al'*(total initial photons are 107)
N E Ed_aver Ed S Eou_aver Eou S Lu_aver Lu )
[] R 1 I'm 3.66E-1 3.64E-1 -0.63% 3.72E-1 3.70E-1 -0.46% 4.85E-2 4.85E-2 -0.09%
(0y=0.9) Sm 4.33E-2  4.37E-2 0.87%  4.35E-2 4.49E-2 3.19%  5.59E-3  5.92E-3 5.88%
10 m 3.16E-3  3.22E-3 1.91% 3.20E-3  3.26E-3 1.78%  4.37E-4  4.39E-4 0.56%
[] A8 1 Im 1.41E-1 1.40E-1 -0.92% 1.34E-2 1.32E-2 -1.82% 1.72E-3 1.66E-3 -3.31%
(0y=0.2) 5m 1.07E-3  1.05E-3 -1.92% 1.00E-4 1.00E-4 0.44%  1.37E-5 1.47E-5 7.04%
10 m 2.93E-6 3.32E-6  13.29%  3.00E-7  3.07E-7 2.25%  3.39E-8  3.54E-8 4.56%
[i] 52 2 Im 4.13E-1 4.06E-1 -1.70% 9.31E-2 9.25E-2 -0.62% 6.99E-3 7.93E-3  13.41%
(0y=0.9) S5m 1.87E-1  1.86E-1 -0.34% 4.63E-2 4.63E-2 -0.01% 3.26E-3 3.08E-3 -5.66%
10 m 6.85E-2  6.72E-2  -1.83% 1.65E-2 1.64E-2 -091% 1.21E-3 1.28E-3 5.51%
] 5 2 Im 1.62E-1  1.62E-1 -0.19% 9.66E-4 9.94E-4 291% 5.47E-5 5.47E-5 0.00%
(0y=0.2) Sm 2.27E-3  2.26E-3 -0.28%  1.37E-5 1.22E-5 -10.87%  6.24E-7 7.01E-7  12.27%
10 m 1.30E-5  1.34E-5 2.83%  7.28E-8 4.65E-8 -36.08%  4.02E-9 3.19E-9 -20.69%
i) 8 3 I m 2.30E-1  2.50E-1 8.79%  4.34E-2 4.28E-2 -1.28% 3.13E-3  3.22E-3 2.94%
(oo BHTR 25 m 1.62E-3  2.00E-3  23.56% 2.86E-4 3.85E-4 34.73% 2.12E-5 241E-5 13.79%
FEARAE) 60 m 5.23E-5 3.69E-5 -29.38%  5.13E-6 3.79E-6 -26.11% 3.57E-7 2.86E-7 -20.01%
[a] 45T 4 I m 3.23E-1 3.07E-1 5.26%  7.13E-2  6.29E-2  13.30% 5.63E-3  5.12E-3 9.98%
(0y=0.9) Sm 1.49E-1  1.46E-1 1.72%  3.57E-2  3.47E-2 2.92%  2.77E-3  2.70E-3 2.72%
10 m 5.56E-2  5.53E-2 0.55% 1.31E-2  1.30E-2 0.77%  9.60E-4 9.80E-4 -2.02%
[] 55 5 Im 1.14E-1  1.11E-1 2.24%  3.55E-2  292E-2 17.76%  2.09E-3 2.49E-3 -19.46%
(0y=0.9) S5m 4.33E-2 4.61E-2 -6.57% 1.22E-2  1.26E-2 -3.53% 7.43E-4 7.69E-4 -3.56%
10 m 1.48E-2 1.61E-2 -8.85% 3.65E-3 3.97E-3 -8.90% 2.49E-4 3.04E-4 -22.23%
[A] 85 6 Im 1.62E-1 1.62E-1 -0.14% 9.81E-4 9.90E-4 0.93%  6.84E-5 5.58E-5 -18.40%
(0y=0.2) S5m 2.28E-3  2.28E-3 0.15%  2.28E-3  2.30E-3 0.68%  3.60E-4 3.44E-4 -4.35%

# 4 IR N AW R R CPU A
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Tab.4 Speedup ratio of different

problems under two computer environments

i L
[1] 5 [2h)
T 1 TR 2

1 0.9 369 791
0.2 515 1136
2 0.9 1231 2835
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5 0.9 869 1949
6 0.2 1569 3690
35.6 z 344 623
3456 z 0.72 0.67
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