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Abstract

In this paper. we propose a new digital watermarking scheme for the three-dimensional (3-D) mesh model in the DCT domain. In order
to nsert and extract watermark signals, we generate triangle strips by traversing the 3-D mesh model. We embed the watermark signal
into vertex positions of the 3-D model in the DCT domain. We define a new masking operation for the watermark signal according to
the vananion of DCT coetticients along the traversed strips so that we can change the embedding strength adaptively and reduce the
visibihty distortion of the data embedding. We test the proposed watermarking scheme by embedding a random binary sequence and
applying difterent artacks, such as addiuve random noise, compression by MPEG-4 SNHC, and mesh simplification. which shows the
robustness of the watermarking scheme.
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1. Introduction In this paper, we improve our previous data embedding
scheme in the DCT domain [5] using a masking operation
that adaptively changes the strength of data embedding and
makes the embedded data less visible, while making more
robust to compression and additive noise attacks.

Section 2 provides an overview of the watermark
embedding, the proposed masking, and the watermark
extraction operations. After we present expeimental results
of the proposed scheme in Section 3, we draw conclusions
of this paper in Section 4.

The World Wide Web (WWW), various digital networks
and digital multimedia processing technologies afford
virtually unprecedented opportunities to pirate copyrighted
materials. Consequently, the idea of digital watermarking
has stimulated significant interest among artists and
publishers [1]. Watermarking of three-dimensional (3-D)
geometric models has received less attention from
rescarchers because the watermarking scheme for image,
video and audio cannot directly applied to 3-D data due to
the non-regular structure of vertex positions in the 3-D
space [2.3.4]
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2. The Proposed Watermark Scheme

As shown in Fig. I, the watermarking scheme proposed in
this paper consists of three main function blocks: creation
of tnangle strips, conversion ot the traversed vertex
coordinate to the DCT domain, and watermark insertion.
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Fig. 1. Watermark insertion

2.1 Rendering 3-D Triangular Meshes

Efficient rendering of triangle-based meshes often
requires that we pack them into triangle strips. Strips
provide interesting advantages: the mesh is stored in a
more compact way because of wasting less memory space
and we can save the bandwidth when we send it to our
tavorite rendering API (application program interface). In
order to create triangle strips from a tnangle mesh. we use
the algonthm described in Ref. [5]. The algorithm chooses
a starting facc and a direction (i.e. an edge) for each strip to
walk along the strip. The algorithm extends the strip in the
chosen direction until it reaches a triangle with no forward
connections and then reverses the strip and extends it in the
opposite Jirection.

2.2 Watermark Insertion

Each vector of vertex positions is transformed by 1-D DCT
separately. The size of the segmented block can be
adjusted by padding the last AC cocfficient. In the
frequency domain. the low-tfrequency band represents the
global shape and the high-frequency band deseribes local
or detarl contents. In varous watermarking schemes, the
trequency band s trequently used to insert watermark
signals because 1t is not only imperceptible but also robust.
In our scheme, we embed watermark signals into the mid-
frequency band of AC coctficients in the DCT domain, as
shown in Fig. |, where the watermark insertion operation
15 similar to the spread-spectrum approach [6,7]. The
watermark signal can be a company logo, some meaningful
string, or random values.

In this paper, a string of five characters is used as a
watermark signal. The string provided by the user is
converted intn the ASCH ende o as

a,=(a,L ,a,), a,€{0,1} (h

In order to spread the digital signal into a wide
bandwidth, we duplicate each bit a; by the chip rate ¢.

b=u;, j-cfi<(j+1)c : {2)

The chip rate ¢ plays an important role of enhancing

robustness against an additive random noise. If b, is zero.

it is changed to the negative sign by
b'=2b, | (3)
As shown in Fig. 1, we insert the watermark signal into

the mid-frequency band of AC coefficients. New DCT
coefficients HA/”arc derived from the current DCT

coefficients W, by

Wx‘j =5 Wx,; +G‘x, brpr (4)
Wl'J' = W;"_.i +a_r, b;lpa 15)
W., =W, +o. b.p, ®)

where b,' is the watermark signals, p, is a pseudo-
random number sequence generated by the watermark key .
(o, .o, .o ) are masking factors which are derived
from a fixed modulation amplitude & . At first for each
strip we caleulate D, the summation ot the Ny nuddle DCT
coetticients of strip

i+ Ny =l

D=> W,

J=i=Ng

i+ Ny =l i+Ng -1

i i ‘W-"‘f‘+ Z JW':-J" (7)

J=i=Ng J=i=-Ng

Then we derive the three embedding amplitude
(a.\'. 0L, L0 ) from the main modulation amplitude &t
using the Eq. (8) and Eq.(9) and Eq.(10) for the three
coordinates..
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