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Simplified and Tessellated Mesh for Realtime High Quality Rendering

Yazhen Yuan, Rui Wangl, Jin Huang, Yanming Jia, Hujun Bao
State Key Lab of CAD&CG, Zhejiang University, China

Abstract

Many applications require manipulation and visualization of complex and highly detailed models at realtime. In this
paper, we present a new mesh process and rendering method for realtime high quality rendering. The basic idea is to
send a simplified mesh to hardware pipeline, while use the online tessellation on the GPU to facilitate the rendering
of complex geometric details. We formulate it into an inverse tessellation problem that first computes the simplified
mesh, and then optimizes the tessellated mesh with geometric details to approximate the original mesh. To solve this
problem, we propose a two-stage algorithm. In the first stage, we employ an iterative surface simplification technique,
where we take the requirement of hardware tessellation into consideration to obtain an optimal simplified mesh. In
the second stage, to better utilize the hardware tessellation, we propose a moving vertex strategy to approximate the
tessellated mesh to the original mesh. Results show that our method achieves 2-4 times faster at rendering but still

retains high quality geometrical details.
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1 1. Introduction

2 Realtime rendering of complex, highly detailed
s model is of great interest in variety of performance de-
+ manding applications, such as game, visualization, vir-
s tual reality, etc. However, due to the bottleneck of T/O, it
s becomes a popular strategy to highly simplify the com-
7 plex model so as to achieve desired frame rate. But, with
s the simplification, the rendering quality significantly de-
¢ generates in general.

10 As a result of recent advances in graphics hardware,
1 large number of geometry primitives can now be ef-
12 ficiently and flexibly generated online with the highly
13 parallel GPU tessellation units. Technically, to fully uti-
14 lize the power of the GPU tessellation units, it requires
15 a two-layer representation of model. A coarse model to
16 be sent from CPU to GPU, and a fine model that are tes-
17 sellated at rendering. However, given a complex model,
18 it is challenge to decompose the input model into such
19 a two-layer representation. First, the coarse model pro-
20 vides a base to be rendered and tessellated at runtime.
21 The hardware tessellation performance and quality de-
22 pend on this coarse representation. Thus, how to get the
23 best coarse model for hardware tessellation is a prob-
2« lem. Second, the hardware tessellation requires tessel-
25 lation parameters and vertex data to recreate the details
26 of original model. How to obtain optimal parameters
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27 and vertex data to approximate the original mesh is an-
25 other problem.

2 Inverse subdivision techniques [} 2} 3]] can be re-
a0 garded as potential solutions for these two problems.
a1 They decomposed the connectivity of original mesh
a2 into a coarse representation for subdivision. Guskov et
as al. [4] proposed normal meshes to compress the stor-
a age of meshes by constructing a multiresolution mesh
s with normal offsets. Cook [5] introduced the ideal of
3 displacing a surface by a function. Lee et al. [6] intro-
a7 duced the displacement maps as an inverse subdivision
a8 process so that the original mesh can be approximated
s by displaced subdivision surface. However, even with
w0 the recent progress to carry out realtime subdivision us-
41 ing hardware tessellations [7], these inverse approxima-
«2 tion approaches [4}, |6] still suffer from two main limi-
43 tations. First, in computing the coarse representation,
44 these methods do not consider the hardware tessellation
ss stage, therefore the coarse representation is not optimal
4 for hardware tessellation. Second, no matter the nor-
4«7 mal offset or the displacement map, these methods only
48 move vertices along normals, which may fail at captur-
49 ing some geometric features of original mesh, especially
so in case of using a small number of tessellated surfaces.

st To address these limitations, in this paper, we propose
s2 a2 new solution to find optimal decomposition for the
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