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Abstract

Digital watermarking embeds structures called watermark into the target data, such as image and 3D
polygona models. The watermark can be used, for example, to enforce copyright and to detect tampering.
This paper presents a new watermarking technique that adds watermark into a 3D polygona mesh in the
mesh’s spectral domain.

Our watermarking agorithm starts with eigenvalue decomposition of a Laplacian matrix, which is a
matrix derived only from the connectivity of the polygonal mesh. Mesh spectra can then be obtained by
projecting coordinates of vertices onto the set of eigenvectors. Watermarks are embedded by modifying
the magnitude of the spectra. The watermarks embedded by using this method are robust against similarity
transformation. They can aso be resistant to mesh smoothing and additive random noise.

Keywords. graph Laplacian, mesh spectra, information security, information hiding.

watermark

[Matsui99
Katzenberger99]

VRML MPEG4
CAD 3 3D
3D



3D

[Ohbuchi97, Ohbuchi98a,
Ohbuchi98b, Hartung98, Kanai98, Benedens99,
Ye099, Praun99]

[Ohbuchi99]
[Ohbuchi98b] MPEG-4
[Hartung98]
3
2
3
4 5
2.

3
Laplacian

2.1.

Laplacian

Bollobés [Bollobés 98]

Kirhihoff
Bollobas
K
K=D-A ()
A
il i
=1 2
A Io
D D, =4,
i
Karni
L=1-RA [Karni00] A
R i
R, =1/d, Karni
L
L K
K
N M
K N
N N
N X, Y Z
S
353
702
@

i © O
5% 10% 80%



(b) 5%

c 10% (d) 80%

1. @
5%
(b) 10% (c) 80% (d)

2.2.

spread spectrum
communication

[Katzenberger99]
Hartung
[Hartung98]
J a,
0.y C
b C
bh=a, jx£i<(j+l)x (3)
b -11 be
i-1 ifbh=0
¢=1
11 it p=1 @

353

o}
aligned Bounding Box Bbox

a

1030
32

32

2.3.

K
a
S;

(6)

c

1000
K
axis-
N



M ¢ 5
S
P
(j+D)x-1 (j+D)x-1
9=a (§-s)»=a bhtaxp’ ()
i=jx i=jx
g; =coa >t )
q; {-11 c
a
g
a; =sign(q;) )
3.
2 ct+ GUI
(http://www.fltk.org)
Householder
1000
10%-107
Karni [Karni00] 1000
3.1
2 VRML
1197 2390

0.5%

Pentium 11l 700MHz
PC 35 22

1000

geometry IndexedFaceSet {
coord Coordinate {
point [
0.8042 -0.2177 0.4689,
1.060 0.2527 0.03369,
-0.3814 -0.01931 0.9841,
1.094 0.1567 0.08169,
1.161 -0.01931 -0.1391,
-0.6886 -0.3441 0.9537,
-0.8086 -0.4465 0.008089,

geometry IndexedFaceSet {
coord Coordinate {
point [

0.8063 -0.2156 0.4710,
1.0637 0.2564 0.0374,

-0.3778 -0.0157 0.9877,
1.0980 0.1607 0.0857,
1.1624 -0.0179 -0.1377,

-0.6870 -0.3425 0.9553,
-0.8073 -0.4452 0.0094,
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