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Watermarking 3D Polygonal Meshes Using Mesh Spectral Analysis

RYUTAROU OHBUCHI," SHIGEO TAKAHASHI, T TAKAHIKO MIYAZAWA?
and AKIO MUKAIYAMA'

Digital watermarking embeds structures called watermark into the target data, such as im-
age 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 water-
mark 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.
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(a) bunny3 0000
(a) The bunny3 mesh.
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(b)0000000
(b) After mesh partitioning.

01 000000 bunny3 00000000 2218000 443200 600000000000
Fig.1 In this example, the bunny3 mesh (2218 vertices, 4432 faces) is

partitioned into 6 sub-meshes.
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(a)000000
(a) Before watermarking.

(¢) 6=10.005 0000000
(c) Watermarked using 8 = 0.005.

(b) 8=0.0020000000
(b) Watermarked using 8 = 0.002.

2

(d)$=0010000000
(d) Watermarked using 8 = 0.01.

02 00000000000000000000000000DO0000ODO
Fig.2 Appearance of the tiger model is compared before and after the

watermarking using multiple embedding amplitudes.
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Table 1 Execution time for our mesh watermarking

algorithm.
Models | Number of | Number of | Number of | Exec. Time
Partitions | vertices faces
tiger 1 254 504 20s
bunnyl 1 646 1288 5m2ls
distcap 1 686 1368 6ml19s
bunny?2 1 1197 2390 33ml6s
tiger 3 254 504 2s
bunny3 6 2218 4432 6m34s
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(e) Similarity transformation.
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(i) Smoothed once.
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(j) Smoothed once.

(f) Similarity transformation. (g) Additive random noise.
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(c) Watermarked.

(d)00ooo
(d) Watermarked.
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(h) Additive random noise.
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Fig.3 Examples of watermarking without mesh partitioning.
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Fig.4 The bit-error rate is plotted against the chip rate
after the vertex coordinate is added with the uni-

form random noise.
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Fig.5 Changes in the spectral coefficient amplitude due
to mesh smoothing. This experiment used the tiger
model (254 vertices) without mesh partitioning.
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Fig.6 The bit-error rate after an application of Taubin’s
mesh smoothing, plotted against watermark em-
bedding amplitude ratio 3.
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(a) The mesh was partitioined and then
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(b) Ears of the bunny mesh are resected,

watermarked. but the watermark remained.
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Fig.7 Resecing a part of the partitioned and watermarked mesh left the watermark intact.
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