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ABSTRACT

We present a robust method to generate mesh surfaces from
unoriented noisy points in this paper. The whole proce-
dure consists of three steps. Firstly, the normal vectors
at points are evaluated by a highly robust estimator which
can t surface corresponding to less than half of the data
points and t data with multi-structures. This benets

us with the ability to well reconstruct the normal vectors
around sharp edges and corners. Meanwhile, clean point
cloud equipped with piecewise normal is obtained by pro-
jecting points according to the robust tting. Secondly, an
error-minimized subsampling is applied to generate a well-
sampled point cloud. Thirdly, a combinatorial approach is
employed to reconstruct a triangular mesh connecting the
down-sampled points, and a polygonal mesh which preserves
sharp features is constructed by the dual-graph of triangu-
lar mesh. Parallelization method of the algorithm on a con-
sumer PC using the architecture of GPU is also given.

Categories and Subject Descriptors

1.3.5 [Computational Geometry and Object Model-

ing ]: Boundary representations { Curve, surface, solid, and
object representations
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1. INTRODUCTION

The surface reconstruction from unoriented noisy point clouds
has been problematic for more than decades in applications
of computer graphics, virtual reality and CAD/CAM. At
present, there are many 3D surface scanning devices avail-
able (using di erent sorts of methods like structured light,
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stereo vision based scanners). These devices always gener-
ate unstructured clouds of measurement points in <3. With
no surprise, measurement noises embedded in these points
cannot be avoided, which make the downstream mesh re-
construction very troublesome.

The existing work in literature can be classied into two
major groups: 1) computational geometry approaches and
2) volumetric reconstruction techniques. The computational
geometry approaches are usually based on the Voronoi dia-
gram of a given point cloud and reconstruct a mesh surface
directly linking the input samples. Normal information is
not required. However, it is generally di cult to avoid in-
cluding noises in the nal reconstructed surface. Moreover,
as both the memory and the time cost to compute Voronoi
diagram are expensive, these approaches are always applied
to small or medium size of cloudy points (e.g., input with
less than 30K points).

The volumetric reconstruction techniques attempt to build
a signed implicit function that interpolates or approximates
the point cloud samples, and then reconstruct its isosurface
using, e.g., the Marching Cubes algorithm [28]. Neverthe-
less, the computation of such a signed implicit function re-
quires the point cloud samples to be equipped with normal
vectors, which can hardly be obtained directly from scanning
devices. The estimation of normals on given cloudy points is
actually one of the most critical steps in the reconstruction
pipeline { especially when the points are in the presence of
noise, sharp features, or thin structure. Although the input
samples can be denoised slightly by applying the approxima-
tion scheme of implicit function reconstruction (e.g., [34]),
the sharp features are always blurred together with noise.
Furthermore, the approximation techniques like least-square
tting in general cannot satisfactorily handle the outliers.

We present a robust mesh reconstruction method from noisy
point in this paper. In contrast to existing approaches, we
evaluate normal vectors on noisy point cloud by a highly ro-
bust estimator which allows us to reconstruct normals that
well preserve sharp features. The points are projected to
the robustly tted surface. The resultant clean massive
points are further down-sampled into user speci ed number
of points. The subsampling is based on an iterative cluster-
ing algorithm and with the shape-approximation-error min-
imized. Note that, as only the position and the plane at
a sample are required in the subsampling, the direction of
normals determined in the rst step is unnecessary to be con-



Figure 1. Overview of our robust mesh reconstruction pipeline: (leftmost) the given fand
Gaussian noises randomly distributed in the range of 0.5% of the bounding box's diagonal length,

and the points in di erent colors belong to di erent clusters, (right) the triangulation result

isk model with 18%
(left) the
fandisk model with normals estimated and outliers removed, (middle) the clustering result of subsampl ing

on down-sampled

points, and (rightmost) the nal resultant mesh model with sharp features reserved.

sistently pointing outwards (or inwards). Lastly, a combi-
natorial approach is employed to connect the down-sampled
points into a triangular mesh and its dual-graph, a polyg-
onal mesh preserving sharp features, is computed. Figure
1 gives an overview of the steps in our approach. In order
to borrow the advanced computational power available on
consumer PCs, the time-consuming steps of robust normal
estimation and subsampling have been parallelized using the
architecture of GPU.

Main results
following aspects:

The main results of this paper fall in the

A highly robust and parallel normal estimation and
point projection method for noisy point cloud, which
preserves the shape of sharp features;

A parallel subsampling method of points with shape-
approximation-error minimized,;

A new e cient mesh reconstruction pipeline based on
the above two techniques.

Thanks to the most advanced parallel computation power
which is available on consumer PCs, the e ciency of our
approach becomes much outstanding.

2. RELATED WORK

The related works in the aspects of volumetric reconstruc-
tion, combinatorial approaches, robust statistics in surface
reconstruction, down-sampling of massive points, and stream-
ing and parallel computing are reviewed.

Volumetric reconstruction Pioneered by the work of
Hoppe et al. [17], the approaches in this category always
start from estimating normals by a local principal compo-
nent analysis (PCA), followed by a graph search to unify
their inside/outside direction. Then, the samples equipped
with normals are used to construct an implicit function in

the forms of signed distance eld [17, 16], piecewise algebraic
surfaces combined with -shape [6], globally supported ra-
dial basis functions (RBF) [44, 9], compactly supported RBF
[36], blended quadratic functions [33, 34, 47], or 3D indica-
tor functions [22, 23, 7, 2]. Afterwards, a marching cubes
algorithm [28] is employed to reconstruct the surface at the
zero level-set of the implicit function. All these approaches
rely on the input of oriented points, which is however dif-
cult to obtain from scanning devices. Recently, Hornung
and Kobbelt developed a method in [18] to reconstruct wa-
tertight 3D models from point clouds without normal in-
formation. They converted the surface reconstruction into
a minimum cut problem of a weighted spatial graph struc-
ture. A mesh template tting based method was proposed
in [38] to realize a similar function. However, there is no
direct extension of these methods to generate mesh surface
preserving sharp features.

combinatorial approaches  : The problem of mesh recon-
struction was also approached from the computational geo-
metric point of view. Amenta et al. in [3, 5] gave a provable
guarantee of reconstructing a correct model given a mini-
mum sampling density dependent on the local feature size.
Recently, the approach was extended to be able to handle
noisy input in [30]. However, as they did not remove outliers,
the quality of resultant meshes was not good. Several varia-
tions of [3] are available in [4, 12, 13]. Recently, Kuo and Yau
in [24] proposed a combinatorial algorithm to triangulate a
given point cloud with sharp features. When applying their
algorithm to practical data sets, there are two di culties:

1) similar to other combinatorial approaches, it is sensitive
to noise and 2) the measured points rarely locate along the
sharp features. Furthermore, it is uneasy to apply this sort
of method to massive points.

Robust statistics in surface reconstruction : The com-
puter graphics community pays more attention to the ro-

bust statistics based methods recently. lvrissimtzis et al.
[19] employed neural network as a triangular mesh to con-

































