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Outlier Robust Implicit Surface Reconstruction
Using Graph-cut

YUKIE NAGAL T #! YuTaka OnTAKE!
and HIROMASA SuzUK1'?

Surface mesh representing the shape of a real object plays very important
roles in many areas involving computer graphics and CAD. Generating surface
mesh from a point cloud obtained by a 3D-scanning device is called surface
reconstruction. One of popular surface reconstruction methods is the implicit
method. It constructs a scalar field whose an isosurface approximates the shape
of the object, and then generates a surface mesh with polygonizing the isosur-
face. An advantage of implicit method is the robustness for noise existing in
scanned data. Unfortunately, if data includes large amount of noise or outliers,
implicit methods may fail to reconstruction and generate a mesh with extra
components. In this paper we propose a noise robust surface reconstruction
method with combining partition of unity (PU) which is an implicit method,
and a popular global method, Graph-cut.
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Fig.1 An example of the results of our surface reconstruction algorithm. Left: input points. Cen-
ter: close-ups of the input points and the obtained surface mesh. Right: the obtained surface
mesh.
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Fig.2 The overview of the proposed algorithm in 2D. (a) Sampling points. (b) Supports (pink

circles) and their centers (blue points) of the local approximation functions g;(«). (c) The
results of the Graph-cut; red points are judged as being inside the object, while the green
points are outside. (d) The reconstructed surface (black). The contours of f(x) are drawn
with pink and green lines according to their sign. The blue points are the sampling points.
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Fig.3 Results of inside/outside classification via PU (left) and the Graph-cut (right). Reconstructed

surfaces are shown with black lines. The values of f(x) are indicated with red for high and
blue for low. Circular blue points mean the outside vertices and square yellow points inside.

The signs +/— mean the signs of f(x).
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Fig.4 Reconstructed surfaces for points with many outliers (left). The results with PU (center),
and with PU and Graph-cut (right).
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Fig.5 The functions of the Graph-cut for surface reconstruction. With the assigned source (inside)

and sink (outside) (left), we calculate the minimum cut (yellow) (center), and then classify
the other nodes into two groups (right).
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Fig.6 Comparison of the results for sampling points (left) with k = 3 (center) and k = 15 (right).
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Fig.7 Classification of the tetrahedra according to the inside/outside classification of the vertices

via the Graph-cut. Tetrahedra with four outside vertices are shown in blue, Tetrahedra with
for inside vertices are yellow, and the others are pink. Left: a cross section of a tetrahedral
mesh for the head of the Stanford dragon. Right: a 2D-version example. In the right image,
the results via the Graph-cut are shown with circular blue points (inside) and squared yellow
points (outside). The signs +/— indicate the signs of f(x). Black points mean the input
points, and the green points and lines mean the triangular mesh.
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Fig.8 The surface generating patterns of the marching tetrahedra. The results with the Graph-cut

are indicated with yellow squares (inside) and blue circles (outside). The signs +/— mean
the signed of f(x). The vertex surrounded by a red-circle means a vertex whose classification
with the Graph-cut and the sign of f(x) are not consistent.
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Fig.9 Triangular mesh before bi-Laplacian smoothing (left) and after (right). The close-ups of the
backs and the left hind feet are shown in the bottom.
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Fig.10 Results for a scanned data of the Siisa-A (a). The result by MPU (b), Poisson surface re-
construction (c), and proposed algorithm (d). The close-ups of the mouths and the right
forefeet are shown in the lower column.
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Fig.11 Comparison for a low quality data with outliers (red-circled) and lacks of sampling (a). The
results obtained with MPU (b), Poisson surface reconstruction (c), and proposed algorithm

(d).
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Table 1 Examples of the values of parameters, computational speed and the numbers of vertices of

the generated surface meshes.

Max Timings
Model fPoints Error tol. level  #Supports (tet)[sec] fVertices
Dragon 2,106 K 4.0 x 1073 9 257K 2,6480 1,1470 317K
Buddha 3,260K 4.5 x 1073 9 207K 2,96301,4590 261 K
Si-sa-a 429K 1.0 x 1073 8 374K 3,05702,3050 352K

012 k00000000000 00D000O000O000000K=2.300000
Fig.12 A problem caused by a globally constant k. Left: input points. Right: result obtained with
k= 2.3.
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