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Real-time indirect glossy reflection based on linearly
transformed spherical distributions
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Abstract: Objective Indirect glossy reflection effect (IGRE) can be as one of the commonly-used lighting effects nowa-
days. The IGRE-based simulation has been developing in related to designs of games, movies, animations, virtual reality
and visual simulation. The IGRE can be employed to enhance image quality and is an essential part of the rendering in
computer graphics. Current instant radiosity (IR) algorithm is beneficial to IGRE for real-time rendering. In order to calcu-
late the glossy reflection effect (GRE) at the virtual point lights and the shading points, a certain lighting model is usually
adopted to calculate the radiance of the ray-reflected like Blinn-Phong lighting model. In recent years, to calculate the
IGR, IR-based GGX stochastic light culling algorithm (SLC) is focused on the GGX bidirectional reflectance distribution
function (BRDF) lighting model further. However, the GGX BRDF lighting model has featured of high computational com-

Wr#s B HA:2021-12-06; 1& B B #1:2022-01-19 ; FiE 4 B #3:2022-01-26
# BIEVEE 3K ™#  yezhang@ scu. edu. cn

ESWA  HEEREHEETH (GIXM92579)

Supported by : National Key Project of China ( GJXM92579)



PEERBEF IR

JOURNAL OF IMAGE AND GRAPHICS

plexity, and it is time-consuming as well, including redundant trigonometric functions and square roots. Meanwhile, its
computational overhead will increase dramatically in linear with the growth of the number of virtual point lights. To optimize
the IGR effects, there are often hundreds of thousands or even millions of virtual point lights in the scene, which will cause
very high shading overhead in the GGX SLC algorithm. But, the rendering performance is still ultimately challenged. So,
we focus on the GGX SLC algorithm and carry out the analysis of the high overhead caused by the GGX SLC algorithm,
which uses the GGX BRDF lighting model when rendering the IGR in detail. Our method is developed to improve the real-
time IGR algorithm in terms of IR (i. e. GGX SLC algorithm). Method To lower the computational complexity of GGX
BRDF spherical distribution, our research is concerned of the mutual-fitted issue of GGX BRDF spherical distribution with
another spherical distribution based on linearly transformed spherical distribution. In this way, the goal of the GGX BRDF-
simplified can be achieved. This spherical distribution to low computational complexity is melted into the point light source
and a fast physics-based lighting model is obtained from single-point and multi-point light sources. This lighting model has
a lower computational cost compared to the GGX BRDF lighting model. First, this fast lighting model is used to calculate
the radiance of the virtual point lights and the shading points both. To improve its rendering efficiency, we implement a
lighting model-based texture sampling strategy. Our algorithm has its potentials to improve the rendering efficiency of the
indirect glossy reflection effect without the rendering quality loss. Result We conduct several experiments to verify that our
real-time indirect glossy reflection algorithm. First, to validate the feasibility of our lighting model, our lighting model is
compared to the GGX BRDF lighting model. The root mean squared error (RMSE) of our algorithm is less than 0. 002.
This indicates that our lighting model can achieve similar rendering quality to the GGX BRDF lighting model. Next, our
algorithm is optimized and linked to improve rendering quality and rendering efficiency in different scenes. Our experiment
results show that our rendering quality is very close to the GGX SLC algorithm ( the RMSE is less than 0. 006 ). The render-
ing efficiency can be increased up to 40% in the Sponza scene. The experiments are carried out on the effectiveness of the
number of virtual point lights between the two algorithms mentioned above. The experimental results demonstrate that the ef-
ficiency of our algorithm can be improved more based on the number of virtual point lights-enlarged in the scene, while little
loss in rendering quality compared with the GGX SLC algorithm. The RMSE is less than 0. 003 while the rendering efficien-
cy improvement can reach 30% in the metal ring scene. Conclusion A real-time indirect glossy reflection algorithm is de-
veloped in terms of linearly transformed spherical distribution. A lighting model with lower computational complexity is em-
ployed to optimize the GGX BRDF lighting model, which can reduce rendering overhead better. To alleviate the problem of
texture sampling, a texture sampling scheme is optimized to improve rendering efficiency further. The experiment results
demonstrate that our algorithm can improve the rendering efficiency of the indirect glossy reflection effect without sacrifice
rendering quality potentially.
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Fig.3 Comparison of rendering results between GGX BRDF lighting model and our single-point light source

lighting model with different roughnes( (a) our lighting model; (b)GGX BRDF lighting model )
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Fig.4 Comparison of rendering quality between GGX SLC algorithm and ours in different scenes( (a)ours; (b) GGX SLC)
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Table 1 Comparison of the time overhead of each pass between GGX SLC algorithm and ours when

rendering indirect glossy reflection in the Sponza scene

/ms

Bk G-Buffer FT 5% & A BRSO IR 28R FE SHER ST + LR /15375 2 S N ]
GGX SLC 0.718 0.236 0. 555 1.463 35.539 1.306  39.817
AL 0. 701 0.232 0.577 1. 457 19. 327 1.207  23.501
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Fig.5 The influence of different number of virtual point lights on the rendering quality of GGX SLC algorithm and ours
((a)ours;(b)GGX SLC)
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Table 2 Comparison of rendering efficiency between GGX SLC algorithm and ours for different number of

virtual point lights in the metal ring scene

RERL RO TR A GGX SLC/ms AL/ ms A SCE BRI T/ %
128 x 128 7.763 6.276 19.2
256 x256 9.706 7. 406 23.7
512 x512 25.194 17.438 30. 1
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