TR LR 2 i SRR R R e

AT IV IR N T3RTTAY Y 2~ DBEFHEPLDOEDIA S
R BEORRR, mff plie®, =i J2, ml R
ohbuchi@acm.org, takahashis@acm.org, jfOhjd@d2.dion.ne.jp, k7186@kki.yamanashi.ac.jp

IBLRZ: TS 2 B a—2 - A7 07 TR, (WA R [ 4-3-11
PR R A AL B o —, BERS WA AR TR AT 1-5-1

0O

B EPLET, HRERDT — RO SN+ 52 81280, %0)?““~5’L:%

vl — VMDA ENTT, TOISTIITEEHER T, S AR, SE2RH5. Kim
1Z, 3 WIeRIT L AT 2T LZED Ay 2 AT NV O8I ClE & LA KE{P?
AR ET 5.

ARFETIE, £, Ay 2OTHROERBEROBNOB/ONDLT ST T ATHERD,
FNEEAEDEL THELNEA 72 ERL LTS O TE S EREE S 52k
TAYV 2DART NV ERDD. IRWVT, ZDA YT 2 AT NV E BN UAFTHRIZIESNTE
HLTHENLEHD AT, RFIETEDLNDE BN UISAREL A (B, I THE), —kk
2=V TN U THEIR T, AV 2D A=V 7 SROTE S ERE DT B 1) A XD B,
SHITIFAY 2 OE P B L ThHHHFEE D@2 R~

F—J—K: VI 7-5FF3 T, AT a ATV, [E#REX 2T 1, R IA .

Watermarking 3D Polygonal Meshes Using Mesh Spectral Analysis
Ryutarou Ohbuchi', Shigeo Takahashi®, Takahiko Miyazawa', and Akio Mukaiyama'

'Computer Science Department, Yamanashi University,
4-3-11 Takeda, Kofu, Yamanashi, Japan.

2Computelr Center, Gunma University,
1-5-1 Tenjin-cho, Kiryu-shi, Gunma, Japan

Abstract

Digital watermarking embeds structures called watermark into the target data, such as
image and 3D polygonal 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 polygonal mesh in the mesh’s spectral domain.

Our watermarking algorithm 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 normalized eigenvectors.
Watermarks are embedded by modifying the magnitude of the spectra. The watermarks
embedded by using this method are resistant to similarity transformation, random noise added
to vertex coordinates, mesh smoothing, as well as to partial resection of the meshes.

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