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Fig.6 Scattering energy distribution of Harvey simulation model, 6,=1.185X107%,L.=3.10X107%,s=—1.9
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Scattered Ray Tracing Based on Rejection Sampling Method with BRDF
Discrete Numerical Value

QIAO Wenyou, GAO Zhishan, YUAN Qun, ZHU Dan, XU Ningyan, LUN Xulei,
CHE Xiaoyu
(School of Electronic and Optical Engineering, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: The effect of stray light on system signals in space platform optical machine systems cannot be
ignored. The components of an optical machine system are essential sources of stray light, and their surface
light scattering characteristics directly affect the distribution of stray light in the system. Ray tracing and
stray light analysis based on the surface scattering characteristics of system components is an important
research content in optical design and simulation. The Bidirectional Reflectance Distribution Function
(BRDF) is commonly used to accurately characterize the scattering property of surface about optical
machine structures in stray light analysis. The Monte Carlo method (MCM) is the primary method of
scattered ray tracing in optical machine systems. It is commonly used in scientific research experiments and
stray light analysis software. The core of Monte Carlo scattered ray tracing lies in the reasonable selection
of the bidirectional scattering distribution function model and the correct construction of the probability
model. In practical applications, due to the particularity of the micro-morphology and texture distribution of
the surface of the system components, the surface scattering characteristics show complex and diversified
features, which are accompanied by the innovation of machining technology and the appearance of new
material surfaces. The number of BRDF models in the commercial software is small, and the application
scenarios are limited, so the real-time measured discrete data of BRDF on the optical surface are needed.
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In some instances, the reconstruction of the BRDF function model and the numerical analysis process is
complicated. Moreover, there are some problems, such as fitting errors and limitations of application
conditions of the model. The inverse transformation method is often used to solve the probability model of
ray tracing. Although the inverse transformation method can efficiently generate random samples that obey
the specified distribution, the BRDF of most scattering models is modulated by ray coordinate variables. In
the design process of complex probabilistic models based on the reconstructed BRDF model for complex
PDF, there are problems such as Cumulative Distribution Functions (CDF) without analytical solutions.
To simplify the modeling process of surface scattering and enhance the applicability of the scattered ray
tracing method, this paper proposes a way to directly trace the scattered rays based on the surface discrete
BRDF measurements. Under the condition that the surface is isotropic, the procedures are shown as
follows: Firstly, the spatial coordinate transformation of the discrete measurement data of surface BRDF,
which discontinuously varies versus the scattering angle, is converted from the scattering angle hemisphere
space to the direction cosine space; Then, the BRDF data distributed in the direction cosine space is
obtained by equal interval assignment interpolation equivalent method. Then, a new scattering probability
model is designed using the advantage of the rejection sampling method unlimited to the CDF-solving
process. The BRDF numerical ratio in the cosine space direction represents the probability distribution of
discrete rays. The space coordinates of scattered rays are screened out by setting the test conditions to
realize the scattering ray tracing. To verify the accuracy and applicability of the proposed method, the same
incident angle, the number of tracing rays, and other parameters in the simulation were set. The simulation
program is prepared in Matlab according to the proposed method, and the simulation results in Matlab are
compared with those in LightTools. Wherein the BRDF model and parameters of Harvey, ABg, and
multiple scattering surfaces characterizing the surface scattering characteristics of various optical and
mechanical components were set in LightTools. Different visual and mechanical parts are modeled and
simulated. BRDF data in the section where incident light and mirror—reflected light are located were
obtained using the analytical formula of the BRDF model and its parameters. The above data were taken as
the discrete measured data of BRDF in the simulation program of the proposed method in this paper. The
general quality index UQI is the comparison evaluation index of the simulation results between commercial
LightTools software and the proposed method. The results show that the scattering energy distribution
obtained by the proposed ray tracing method is highly consistent with the LightTools simulation. The
different optical and mechanical components are modeled and simulated, the UQI values are all above
0.998, and the fluctuation range is small. The calculation results of the ray tracing method in this paper are
accurate and have good applicability.

Key words: Ray tracing; Bidirectional reflectance distribution function; Monte Carlo method; Rejection
sampling method
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