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A Shape-preserving Data Embedding Algorithm for
NURBS Curves and Surfaces

RyuTaAROU OHBUCHI,* HIROSHI MASUDAft and MASAKI AONOtt

Digital watermarking adds various information to digital contents for copyright manage-
ment and other applications. 3D model has recently been recognized as a watermarking
target data type. However, existing watermarking algorithms target polygonal meshes and
their attributes for watermarking so that they can’t be readily applied to the majority of (geo-
metric) computer aided design (CAD) models for two major reasons. First, these CAD models
employ parametric curves and surfaces, not polygonal meshes, as their main shape-defining
primitives. Second, most CAD applications do not tolerate modifications of model topol-
ogy and/or geometry that are introduced by existing watermarking algorithms. This paper
proposes a new watermarking algorithm for non-uniform rational B-spline (NURBS) curves
and surfaces, which employs rational linear reparameterization for embedding messages. The
algorithm exactly preserves the shape, that is, the geometry and topology——of its wa-
termarking targets. Furthermore, it preserves the data size of the model. We consider these
two properties, exact preservation of shape and preservation of data size, to be important in
various applications of CAD models. In addition to the shape- and data size-preserving data
embedding algorithm for NURBS curves and surfaces, this paper outlines additional methods
for embedding data in various types of parametric curves and surfaces.
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2 NURBS data embedding
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(c) Result of embedding a letter “!” (a close-up view).
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(d) Result of embedding a letter “z” (a close-up view).
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Fig.3 Example of reparameterizing a NURBS curve with offsets (a) D = 0.01 and

(b) D = 0.05. In figures (c) and (d), letters “!” and “z”, respectively, are

embedded.
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