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Frequency Domain Compression
and Progressive Transmission
of Parametric Surfaces

HirosHI MASUDA ,# RYUTAROU OHBUCHI it and MASAKI AONO it

This paper discusses methods to compress free-form surface data used in Computer Aided
Design (CAD) applications so that they can be transferred quickly through network. Com-
pression of curved surfaces for communication is becoming more important due to increasing
demand to share and view large 3D CAD models often over a long distance. The algorithm
proposed in this paper transforms control points of curved surfaces into frequency domain,
by using Discrete Cosine Transform (DCT), for lossy compression. The DCT coefficients are
quantized and entropy coded to realize lossy data compression. The algorithm achieves high
compression ratios since most of the surfaces used in industrial applications are smooth so that
their control points can be approximated well by using only the low frequency components of
the transform. The algorithm also allows for progressive transmission of the compressed data
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by using multi-level quantization of the coefficients.
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Fig.1 Two approaches for displaying curved surfaces.
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Fig.2 An example of NURBS surface.
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Fig.3 A plot of x coordinates of NURBS surface control
points.
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04 NURBSOOOOOO xOOOOOOODO
Fig.4 A plot of frequency components of x values of the
NURBS surface.
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Fig.5 Processes of encoding and decoding.
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06 DCTOOOOOODOODOO
Fig.6 Scanning order of the DCT coefficient matrix.
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Fig.7 Original and approximated (0.5% error) are over-
laid for comparison. The error magnitude is not
modified in the left figure. Figure on the right em-
phasized the error by 10 times for visuaization.

Data Original Error Compressed | Gzip’d
data size | tole- data size data size
rance (Comp- (Comp-
ression ression
ratio) ratio)
0.5 % 11.7KB
(3.0%)
Set A | 394.7 0.05 % 20.0KB 73.0KB
KB (8.1%) (18.5%)
0.005 % 51.5KB
(21.2%)
0.5 % 24.3KB
(5.3%)
Set B | 459.3 0.05 % 28.1KB 89.8KB
KB (11.4%) (19.6%)
0.005 % 45.0KB
(21.2%)

01 D0000D000000 ADDOODOOT7100000 B
gooooopoo93noooooooo
Table 1 Compression ratios for two sets of NURBS sur-
faces, set A (not trimmed, 73 patches) and set B
(trimmed, 91 patches).

gboooobooobooboooobooboobobooobo
goooooooooooooooooooooon
goooboooooooooooooobooobon
gobooooboooboooboooooo

6. 0O 0O O

gooooobooooooooobocooooooon
gooobooooooooobooboooobooooa
gooooboooooobooooooobooooo
gooboooooooboooooooooooooboo
gbooooooobooooooobooooooon
O000o0oOoOooOoOoOoOoOOooD cADOOOO
wwwiooooooooooooooooooooo
ooooOoOooooooboo cpuoooooOoOOd

goooooooobooboooooooo 7

goooobooooooooooocbooooooooboo
gooooooooooooooooooooooon
ooo00O000000o0oo000 VRMLOOOO
gooobooooooobooooooooooon
gooobooooooooooooooobooDbooo
gobooooboooooo

gooboooboooooooooboboooooooo
00000000® 000000000000 00
goboooobooooooooooooooooo
ooooboooouooooooboooooooooboo
gooobooooooooooooooooooon
goooboooooooooooobocoooooboooboo
oooooog

g o o o

1) 0o00o0ooooooooooooooooon
O30b0o0ooboboobobooo,boooboo
00 000Vol. 39, No. 7, pp. 2189-2195, (1998).

2) Schroeder, W. J., Zarge, J. A., Lorensen W.
E.: Decimation of Triangle Meshes, proc. ACM
SIGGRAPH ’92, Chicago, IL, U.S.A., pp. 55-
64, (1992).

3) Turk, G.: Re-Tiling Polygonal Surfaces, proc.
ACM SIGGRAPH ’92, Chicago, IL, U.S.A.,
pp. 55-64, (1992).

4) Cohen, J., Varshney, A., Manocha, D., Turk,
G., Weber, H., Agarwal, P., Brooks, F. P.,
Wright, W.: Simplification Emvelopes, proc.
ACM SIGGRAPH ’96, New Orleans, U.S.A,
pp- 119-128, (1996).

5) Hoppe, H.: Progressive Meshes, proc. ACM
SIGGRAPH 96, New Orleans, U.S.A., pp.99-
108 (1996).

6) Hoppe, H.: View-Dependent Refinement of
Progressive Meshes, proc. ACM SIGGRAPH
’97, Los Angeles, U.S.A., pp.189-198 (1997).

7) Lubke, D., Erikson, C.: View-Dependent Sim-
plification of Arbitrary Polygonal Environ-
ments, proc. ACM SIGGRAPH 97, Los An-
geles, U.S.A, pp. 199-208, (1997).

8) Kumar, S., Manocha, D. and Lastra, A. :
Interactive Display of Large NURBS Models,
IEEE Transactions on Visualization and Com-
puter Graphics, Vol.2, No.4, pp.323-335 (1996).

9) Deering, M. : Geometry Compressionl proc.
ACM SIGGRAPH 95, pp.13-20 (1995).

10) Taubin, G. and Rossignac, J.: Geometry Com-
pression Through Topological Surgeryd ACM
Transactions on Graphics, Vol.17, No.2, pp. 84-
115 (1998).

11) Li, J-K., Li, J., and Jay Kuo, C.-C.: Pro-



8 goooooooo 1959

gressive Compression of 3D Graphic Mod-
els, proc. IEEE International Conference on
Multimedia Computing and Systems, Ottawa,
Canada,(1997).

12) Devore, R.A., Bjorn, J. and Lucier, B.J. : Sur-
face Compression, Computer Aided Geometric
Design 9, pp.219-239 (1992).

13) Nelson, M. and Gally, J-LO 00000000
000 00o0,0000 (1996).

(0o ?0?07000)
(0o ?07?0°?000)

oo gooooo

1961 000198 0000000
gooooooooboooiesr 00
gooboooooboboboooo
gbobooooooooooooo
gooooooobooooognres o

goooobooooooooboboooooobooobooo
ooo30pooooDbocGg,000o0ooooooo
ooooooOoooO00OO0IEEE, 000000000
goboooooooooooooooboboooon

oooogoooboon

981 00000000bDbogoo
gooboogooeesopoooon
0bo0boo0oooooboboOdrgv4s
O University of North Carolina at

Chapel Hill Computer Science De-
partment 00 Ph.D. 0001994 00000000
ooooooo0ooooooOoooooooooooo
J00oopooooobooooDbDDoOO0 augmented re-
ality 0000000000000 0OOACMOIEEED
O00o0ooo0o0ooooOooooooooooo

o0 ooboooo

195700. 19810000000
gooooooo. 198400000
goooooooobooboooon. o
goooooboooodoooooo.

190 0000000000000

gobooobobocoobooobboooonoo,9s4n
OpPhDOO.000O0DOOOOOOOODODOOOO
O00o0oooOo. ACM, IEEE, 00000000O.




