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Abstract More and more application systems, such as mesh model reuse, 3D texture mapping,
3D data transmission, mesh compression, simplification, 3D real-time rendering and so on, have
put forward requirements for the 3D mesh textures smoothing. The technology of the mesh
texture smoothing is expected to both reduce the small-scale detail texture features and keep the
large-scale intrinsic structures. Traditional mesh smoothing methods tend to focus on removing
high frequency random noise and preserving the features. In case of the small-scale textures are
quite different from noise, those methods tend to regard them as features to preserve them rather
than eliminate them. The existing mesh smoothing methods based on spectral analysis can

smooth out all of the small-scale textures, but also over-smooth the large-scale structural features
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on the models. To solve these problems, the paper proposed a low-pass filter based on the hybrid
spectral encoding. Firstly, a feature recognition method based on the visual awareness is used
to accurately recognize the scale-features on the models. The mesh Laplace-Beltrami operator is
constructed and the base functions are obtained through the spectral analysis. Regarding the
geometric informations of the vertices as signals, a spectral space is constructed by projecting
the geometric informations to the base functions. Using the low-frequency coefficients, a smooth
base surface of the original mesh model is constructed, which is regarded as the three-dimensional
datum of the original mesh model. The height between the mesh vertex and the three-dimensional
datum is calculated to obtain the visual importance of the vertex. The vertex with the height
value larger than a threshold is defined as the large-scale feature vertex. Next, a hybrid spectral
encoding method is proposed to reconstruct the mesh model. There are two frequencies
setted appropriately: one is the higher frequency B which is used to remove high frequency
noise and construct structural features, and the other is the lower frequency « which is used to
remove detail textures. On the large-scale vertex, the high-frequency coefficient 8 is adopted
to reconstruct the geometry information; and on the small-scale vertex, the low-frequency coefficient
« 1s adopted correspondingly. The result is that the large-scale structure features are preserved
effectively, and at the same time the small-scale textures are removed completely. The major
contribution of the proposed method is that it presents a hybrid spectral encoding framework
which can adopt different frequency coefficients to construct the vertex geometry according to
different scale features, and the aim of removing the small-scale features and simultaneously
maintaining the large-scale structural features has been achieved. The proposed method solves
the problem that the existing mesh smoothing methods cannot effectively remove the small-scale
textures when the small-scale textures differ significantly from the noise. And it also solves the
contradiction that the existing spectral mesh smoothing method cannot maintain the large-scale
features when removing the small-scale features, and cannot remove the small-scale features when
maintaining the large-scale features as much as possible. The paper demonstrates the effectiveness
of the proposed method compared with many state-of-the-art mesh smoothing methods, the
experimental results verify the superiority of the proposed method.

Keywords mesh texture smoothing; mesh smoothing; multiscale feature; visual awareness;
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smoothing methods cannot remove the small-scale features in
case of the small-scale textures are quite different from noise,
because the traditional mesh smoothing methods tend to regard
the textures as features to preserve them rather than remove

them effectively. To solve the problem, a mesh smoothing
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method based on hybrid spectral encoding is proposed in this
paper. Firstly, a scale-feature detection method based on
visual awareness is used to accurately extract the large-scale
features on the model. The mesh Laplace-Beltrami operator
is constructed and the base functions are obtained through
spectral analysis. Regarding the geometric information of the
vertices as signals, a spectral space is constructed by projecting
the geometric to the base functions. Using the low-frequency
coefficients, a smooth base surface of the original mesh model
is constructed, which is regarded as the three-dimensional
datum of the original mesh model. The height between the
mesh vertex and the three-dimensional datum is calculated to
obtain the visual importance of the vertex. The vertex with
the height value larger than a threshold is defined as the
large-scale feature vertex. Next, a hybrid spectral encoding
method is proposed to reconstruct the mesh model: on large-
scale feature vertex, high-frequency coefficients are adopted
to reconstruct the large-scale structural features; on other
vertices, including small-scale feature vertices, low-frequency

coefficients are adopted to reconstruct smooth surface. As a

result, the small-scale textures are removed, and at the same
time, the large-scale structure features are preserved
effectively. The proposed method solves the problem that the
existing mesh smoothing methods cannot effectively remove
the small-scale features when they differ significantly from
the noise. And it also solves the contradiction that the
existing spectral mesh smoothing method cannot effectively
maintain the large-scale features when removing the small-scale
{eatures, and cannot remove the small-scale features when
maintaining the large-scale features as much as possible.
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