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High-quality Display of Subdivision Surfaces on GPU

TAKASHI KANATT and YUSUKE YASUItt

In this paper, we propose a method for high-quality display of subdivision surfaces using re-
cent programmable graphics hardware. Arbitrary positions and normal vectors of subdivision
surfaces can be computed from two-dimensional parameters as parametric surfaces such as
Bézier surfaces or B-spline surfaces do. Using this property, we compute these values for each
fragment rasterized from polygons. We also describe a method to compute reflection lines
which are used in the area of CAD/CAM as one of applications. As our framework for such a
per-fragment evaluation does not depend on the level of subdivision, a precise evaluation can
be established even for low levels of subdivided polygons.
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Fig.1 Positions and their partial derivatives are
evaluated on each patch Q.
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Fig.2 Procedure of storing data to textures in the two-

dimensional table.
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Fig.3 Overview of our 3-passes display algorithm on
GPU.
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Fig.4 Calculation of vertices and colors by the
combination of two floating point buffers.

0000o0ooooooo0oooooooooooon
000o0o0oo0oUoooooooooo 1)ooo
Joo0ooo0o0o2000000000000000
000000o0o00oo0oooooooooooooo
200000000000000000Q00OCooO
goooooOodooooooooooooooooo
ooooood

000000l oooooUooooooooooo
000 200000000000100000000O
Joooooooooooooooooooooon
00004 0000000000000000O0O00
00000o0oo0o0oooooooooooooooo
J0doooo0ooooooooooooooooo
Joo0oo0o0odoooooooooooooooo
oooooooooo

2000000000nVIDIA GeForce 6 00O
GPUDODOOOOOODODO 100000MRTO Multi-
ple Render TargetsOO DO OO0OOOOODOODOO1
gdoooooooooooooooooooooo
00000o00o0ooOoooooooooo40mi10
Joooooooooooo20000000000
Jdddooooooloooooooooooon
ooooooooo

OOOMRTOOOOOOOOOO 2000000
0l0000dooooooooooooooooo
00200000000000000

4. DO0OO0OOOODOOO

gooboooobobooooobooooooog s
gbooobobooooooooobooooooooboooo
00000000 118000 116000000 5 (b)—
(d)000000000000D00O00ODO0O0DOOO
gooooo100200300000000000



652 0oooooooo Feb. 2006
01 050000000000000000000000000000000000
Table 1 The number of faces, display resolution, computation time in each pass
and fps for the example in Fig. 5.
Fig.5 | methods | #faces resolution computation time (sec.) fps
1st pass | 2nd pass 3rd pass
(b) 1 464 512 x 512 3.66 x 10~% | 3.00 x 1072 | 1.95 x 1072 | 29.98
(c) 1 1,856 512 x 512 1.12 x 1073 | 2.90 x 1072 | 2.05 x 1073 | 27.97
(d) 1 7,424 512 X 512 4.57x 1073 | 3.29 x 1072 | 1.85 x 1073 | 25.14
(b) 2 464 512 x 512 2.89 x 1072 1.98 x 1072 | 32.53
(c) 2 1,856 512 x 512 2.97 x 1072 2.07 x 1072 | 31.48
(d) 2 7,424 512 X 512 3.06 x 1072 1.78 x 1072 | 30.01
(b) 2 464 1,024 x 1,024 5.32 x 10~2 1.96 x 1072 | 13.67
(c) 2 1,856 | 1,024 x 1,024 5.62 x 1072 1.94 x 1072 | 13.15
(d) 2 7,424 | 1,024 x 1,024 6.25 x 1072 1.97 x 1072 | 12.17
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Fig.5 Example for estimating computation times. (a)
Subdivision surface. (b) Once-subdivided polygon.
(¢) Twice-subdivided polygon. (d) Three times sub-
divided polygon.
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Fig.6 Reflection lines with subdivided polygons. From left to right: once, twice

and three times subdivided polygons. (a) Wire-frame display. (b) Calcu-
lated by using polygons directly. (¢) Calculated by our algorithm.
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Fig. 7 Close-up view of reflection lines. We use three times

subdivided polygons in this case. (a) polygon based
calculation (b) fragment based calculation.
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