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1 Motivation and Objective

In practical applications, it is common that a 3D mesh undergoes
some lossy operations (e.g. simplification, watermarking, compres-
sion, noise contamination, etc.). Since the end users of 3D meshes
are often human beings, it is thus important to derive metrics that
can faithfully assess the perceptual distortions induced by these op-
erations. The derived metrics can be used, for instance, to bench-
mark a family of geometry processing algorithms, or to guide the
design of new algorithms. Like in the case of image quality as-
sessment, metrics based on mesh geometric distances (e.g. Haus-
dorff distance and root mean squared error) cannot correctly pre-
dict the visual quality degradation. Recently, several perceptually-
motivated metrics have been proposed (e.g. mesh structural distor-
tion measure and roughness-based measures) [Lavoué and Corsini
2010]. Those perceptual metrics work well on static meshes, but
are less efficient on dynamic meshes because they may mistakenly
evaluate “natural” deformations as of rather low perceptual quality
(c.f. Section 3). Based on the fact that surface movements in a
dynamic mesh sequence are often defined as quasi-isometric defor-
mations (especially in the case of human body and animals anima-
tions), we propose in this poster a perceptually-driven mesh quality
metric that is capable of distinguishing quasi-isometric deforma-
tions from the actual visually unpleasant distortions. To the best of
our knowledge, such a metric does not exist in the literature.

2 Our Method

There are two main ideas behind our method: (1) constructing the
metric by using geometric quantities that are invariant to isometric
deformations, namely the Laplace-Beltrami operator and the Gaus-
sian curvature; (2) simulating the characteristics of the human vi-
sual system (HVS) in mesh frequency domain.

The first step is to carry out eigendecomposition of the mesh
Laplace-Beltrami operator. The obtained eigenstructure (eigenvec-
tors and eigenvalues) constitutes an isometric-invariant mesh spec-
tral analysis tool [Lévy and Zhang 2009]. We then project the
mesh’s Gaussian curvature onto the eigenvectors, so as to obtain
an invariant mesh spectrum. Gaussian curvature has been used also
because of its strong connection to the mesh surface normal direc-
tions which are important parameters to most of the mesh rendering
algorithms. Next, the spectrum is divided into intervals of one oc-
tave, which simulates the bandpass channel decomposition of HVS.
We define geometric contrast as the total energy of the spectrum
in each sub-band. This contrast describes to some extent the av-
erage mesh irregularity in a given frequency sub-band, consider-
ing that Gaussian curvature is a second-order differential quantity
which measures the difference between a vertex and its neighbors.
In order to compare two meshes, we first compute the difference
between their respective contrasts in each sub-band and then com-
bine the differences together. Another important HVS property, the
contrast sensitivity function (CSF), has been utilized to deduce the
weighting factors for this error pooling stage. Finally, a psychome-
tric function converts the sum of weighted contrast differences AC'
to a perceptual quality metric ) with values equal to O for identical
meshes and 1 for visually very different ones.
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Figure 1: Some Horse models used in our test.

Type of deformation [ AC Q | MSDM Hy
low noise 1.9080 0.1036 0.2229 0.0006
medium noise 3.6322  0.5291 0.4372 0.0019
high noise 6.8425  0.9970 0.5534 0.0033
quasi-isometric movement 1.8195 0.0891 0.4380 0.1530
movement + low noise 2.0758 0.1267 0.4998 0.1527
movement + medium noise 3.5824 0.5132 0.5772 0.1521
movement + high noise 6.6650 0.9954 0.6327 0.1514

Table 1: Some quality/distance evaluation results on Horse, the
reference model being the first mesh in the sequence.

3 Results and Discussion

We have tested our method on both synthetic and realistic dynamic
mesh sequences. For each mesh M in a sequence, we measured
the distances between this reference model and the following ones:
distorted versions of Mt by low/medium/high-amplitude uniform
noises, the mesh M1 of the next frame in the sequence, and the
distorted versions of M1 by the above noises. Some dynamic
Horse models (8431 vertices, sequence available at http://www-
rech.telecom-lille1.eu/3ddynamicrep/) are shown in Figure 1, and
the corresponding results of our quality metric are presented in
Table 1, with comparisons to mesh structural distortion measure
(M SDM) and Hausdorff distance (H4). The proposed metric is
experimentally more efficient than M.SDM and Hg. Our met-
ric considers a nature quasi-isometric deformation as of very high
quality (Q ~ 0.1), and its value increases as the noise amplitude
increases. On the contrary, the natural deformation between M
and Mt results in rather big distances between them in terms of
MSDM and Hy. It is worth mentioning that the results of our met-
ric remain stable under a given type of deformation throughout the
mesh sequence, which demonstrates its robustness. In the future,
we would like to integrate more HVS properties into the metric and
use it to guide practical dynamic mesh processing algorithms.
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