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Improved feature-adaptive subdivision for Catmull-Clark surface model
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Abstract: In order to solve the problem of over-subdivision of Fast Adaptive Segmentation (FAS)
algorithm, a dynamic adaptive feature subdivision method is proposed. First, the Feature Processing
Unit (FPU) is constructed to generate the dynamic subdivision factor for the irregular block. The
subdividing depth of the feature block is calculated and the irregular block of the feature region is
refined according to the Catmull-Clark subdivision rule. Then, the number of blocks is controlled for
Graphics Processing Unit (GPU), the block buffer and subdivision table are established to deal with
each level of the same type of blocks in parallel, which improves the speed of subdivision and
rendering. Finally, the data structure of the traditional FAS is expanded to generate new subdivision

tables and drawing tables, which support the dynamic subdivision and real-time rendering of blocks.
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Experiment results show that the structures of the improved subdivision table and rendering table can
guarantee the dynamic feature of the subdivision and the realtime rendering. Compared with the
traditional FAS, the proposed method can ensure the drawing accuracy of 3D surface model, and
increase the drawing speed by 28 %, which is better in real-time performance than traditional FAS.

Key words: information processing technology; feature-adaptive subdivision; graphic process unit

(GPU); subdivision; render

o GPU
0 :
, GPU ,
, 1
S 3D
B
’ o A 4
3D APL:
' Direct3D CPUSGPUS
’ ° GPUM 4 e EREEL s B&
(GPGPU) wapy)  TIRIR gy g BEOER gy
: GPUN 3 || Eesem |-» T
[Grunioh | Ecsem ey BB gt
R, jf%ﬁﬁ? L
» GPGPU wplr PARE AR el RAEE AR
. Niessner U1 2012 T A T AR HEB
) GPGPU 1
, GPU i Fig.1 GPU rendering pipeline
GPU ,
(FAS) , ’
. FAS )
) H OpenSubdiV N
,FAS )
,FAS , o
1.2 Catmull-Clark
FAS ) Catmull-Clark Le]
FAS , ’
, B .
, Catmull-Clark .
, , Catmull-Clark .
, . , (D : 4 ViV, .V,
. Vfl ’ ( 2(21) )
o V[-‘:(V1+V2 +V;+V1)/4 <1)
1 (2) : V..V,
F, F,, (
1.1 2(b))

GPU Ve=1/4V, +V, +F, +F,» (2)



2 , Catmull-Clark * 627 -
(3) .V V.V, ) o
"'7V2N s ( Z(C)) ’
N N R GPU 0
Vy=anV+By 2 Vo +7y D Van (D
i=1 i=1 o
3 (3) o
:awzl_N(,BN"_}’N);ﬁN:Wﬂ’N: ,
1 . GPU
4N* . GPU
1/4 1/4 1/4 ’ '
. a1 ’
,FAS
1/4 1/4 i
, GPU
(a)Tf A (b1 r (OUF=9=1 ] FAS
2 Catmull-Clark
Fig.2 Catmull-Clark subdivision rule '
1.3 (FAS)
FAS Niessner 7% | . | |
GPU o
GPU o
. 3 . 2
2.1
@) o , FAS
° ’ ’ [@D)
° FAS ,
Catmull-Clark , 1
° GPU ,
GPU ,
’ GPU o
,FAS , 5
, 3 o
@
O
A
®

@ 3) “

B i ek EEEmuk ETERR
3 FAS
Fig.3 FAS join patch model
(2 o

O wspmmams Qs @i QWA
4 ( 3)
Fig.4 Feature mapping(subdivision depth 3)
) Catmull-Clark

b S b



+ 628 - ( ) 48

, GPU
R ,  GPU , , ,
GPU R GPU ,
5 2 FAS .
bl 0
wo
£
w2
- :
15
# A ] P A
1FE
20 120 0 4 5 0 4 15 AL
21 121 4 4 12 6 0 5
22 122 " 8 4 6 13 3 0
W23 123 12 4 7 13 6 1
n uK ': 124 ® 16 By 12 9 1 6
25 125 B 20 By 9 14 8 1
26 126 24 4 2 10 14 9
27 127 28 4 2 5 15 11
28 128 32 4 12 s 2 9
30 130 0 20 5 21 0
31 131 12 21 5 28 0
32 132 0 21 6 22 - 1
o 33 133 12 24 6 21 0
PR 134 12 28 9 24 R o1
35 135 9 25 1 24 # 0
36 136 6 24 1 23 1
37 137 5 27 2 28 1
38 138 2 2 9 28 0
W 40 140 i 0 3 6 28 5 28 9 24 Bl }
A B | B %
)= I} 18 o
(a)TH AID bO)EF R ()RIMER (@UWAES ()R 1EARIE
5
Fig.5 Extended subdivision mapping
(2) 3 , R
b b
d,. ) ,
,FPU
. GPU , 6 , ,
o GPU,GPU
. 7 o

O FrfEmt [ ¥tk @AM O RN @ SUAFE YL

o
6 (d,=3)
i |
Fig.6 Rendering patch(depth=3) FO Fl
1 T T 1
> BIRMS H2RAS  HIRHH EV= i
° 7 (d,=3)
s H H Fig.7 Rendering patch table buffer(depth=3)
s 2.2
s o FAS s
6 b b 3 b
3 s



s Catmull-Clark e 629 -

7P:{p1 sPos

dp

argmax; lrlogz[

Area ()

u;pss VzluizlyU:{ulqu ""aum}
=

2.3

GPU :DFPU- .
s ;@  Catmall-Clark
n . , e
sy s, tst P GPU .
V(P), k : . (D
.P'=r U (P}, P’ . GPU
VP, vPhH t . .
k
a P FPU, FPU
3 . .
. FPU ,

Area (V) X p, NV (k) Xp)

/
Area (V(P") X p) )-‘ gpuk(unit Tid){ //

4 //
; VertexData®. v=getVertexData(Tid) ;
sp.=le [ 1<i<im} e 4
. computeSubdDepth(v) ;
' m P :z‘; if(v.valence=4){ //
/ ;

append regular point(v);
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/

append face points(v,patch,level);
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append edge points(v,patch,leveD ;

append vert points(v,patch,level) ;
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append transit patches(v,patch.level);

4

append regular patches(v,patch,leveD ;
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Table 1 Speed comparison of two algorithm with different models

FAS FAS FAS FAS
1882 1882 1550 1550 2260 2260 1310 1310
872 872 664 664 902 902 742 742
480 480 244 244 398 398 272 272
/ms 0. 620 0. 340 0. 198 0. 301 0. 650 0. 389 0. 499 0. 220
/ms 0. 128 0. 112 0.272 0. 155 0. 162 0. 159 0. 152 0. 099
/ms 0. 748 0. 452 0. 770 0. 456 0. 812 0. 548 0. 651 0. 319
/ms 0. 296 0.314 0. 264 0. 332
1 323
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Fig.12 Proposed algorithm applied to the rendering of

large-scale terrain scene
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