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Abstract: Rendering global illumination for objects with mesostructure surfaces is a time-consuming task and
cannot presently be applied to interactive graphics. This paper presents a real-time rendering method, based on a
mesostructure height gradient map (MHGM), to exhibit lighting effects on meso-scale detail level in dynamic
environments. This paper approximates global illumination by using a lighting model that includes specific
characteristics: Incident ambient light, direct light, and a single bounce indirect light. In order to compute these
three components in real time, this paper introduces the MHGM to create local apex sets, with which an adaptive
method for calculating ambient occlusion is proposed. In direct lighting, the nearest local apex profile of the
incident rays is to be found and presented as a mesostructure shadow algorithm, which can generate the shadow of
meso-scale details. The color of the points enclosed by the local apexes is also sampled to estimate a single bounce
indirect light. This approach runs entirely on the graphics hardware and uses deferred shading and the graphics
pipeline to accelerate computation. High quality results, which can render meso-scale details with global
illumination even for low-resolution geometric models, are achieved. Moreover, this approach fully supports
dynamic scenes and deformable objects.

Key words:  real-time rendering; realistic rendering; global illumination; image space; ambient occlusion
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Fig.1 Global illumination for teapot with mesostructure surface of different scales rendered using our algorithm
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Fig.2 Construction for objects with mesostructure surfaces
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Fig.3 Process that how to generate MHGM
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Fig.4 Extraction for local apexes with MHGM
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Fig.10 Comparison for rendering effects of shadow on mesostructure surface under point light source
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(a) Without one diffuse indirect bounce (b) With one diffuse indirect bounce
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Fig.11 Comparison for rendering effects of one diffuse indirect bounce
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(a) Global illumination on teapot (b) Global illumination on torus
(a) Teapot 4= J=) it HE 25 (b) Torus )4 Jay  JE AR
RGPbY
afdeay
a8 L
asnw
any®

(c) Global illumination on elephant (d) Global illumination on dinosaur
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Fig.12 Rendering effects on static models using our algorithm
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Fig.13 Rendering effects on dynamic models using our algorithm
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Table 1 Date table for rendering speed test
F 1 i I &

Model Triangles \ertices Resolution Fps
256x256 1018

Torus 2880 2922 512x512 425
1024x1024 125

256x256 955

Dinosaur 5668 3785 512x512 379
1024x1024 115

256x256 837

Elephant 13714 11 156 512x512 345
1024x1024 102

256x256 690

Teapot 40 000 25760 512x512 294

1024x1024 90

256x256 484

Bunny 69 451 36 743 512x512 248

1024x1024 82

256x256 310

Kitten 274 196 140 450 512x512 175
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256x256 160

Dragon 871414 476 462 512x512 101
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256x256 121

Happy buddha 1087716 597 527 512x512 80
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Fig.14 Plot of frame rate against triangle count for models in different resolutions of texture cache
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(a) Texture resolution 256x256 (b) Texture resolution 512x512 (c) Texture resolution 1024x1024
(a) LU # % 256x256 (b) LUHLS)H2 512512 (c) BUHL4y# % 1024x1024

Fig.15 Compare for rendering effects of the same model in different texture resolutions
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Table 2 Frame rates (Fps) for different models in different scales
£ 2 ARFABAARF scale ¥z

. . Fps
Model Triangles Vertices scale=0.05 | scale=0.1 | scale=0.2 | scale=0.4 scale=0.8 scale=1
Torus 2880 2922 125 123 119 115 110 104
Dinosaur 5668 3785 112 110 107 103 97 91
Elephant 13714 11 156 99 97 94 90 84 77
Teapot 40 000 25 760 91 89 86 81 76 69
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