Combining meshes and geometric primitives for accurate and semantic modeling
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We propose an original hybrid modeling process that represents three-
dimensional (3D) models as a combination of meshes and 3D-primitives.
Meshes describe details such as ornaments or statues, whereas 3D-objects
code for regular shapes such as walls or columns. Starting from a mesh
obtained by multi-view stereo techniques, these primitives are substituted
to the mesh where they are detected. This strategy allows the introduction
of semantic knowledge, the simplification of the modeling, and even cor-
rections of errors generated by the acquisition process.
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Figure 1: Overview of the method.

3D-models of urban scenes are very useful for many applications such
as urban planning, virtual reality, disaster recovery or computer games
[8]. The reconstruction of such scenes is a well known computer vision
problem which has been addressed by various approaches providing in-
tegral building representations such as [2, 3, 4]. With the new perspec-
tives offered for the aid to navigation by general public softwares such
as Street View (Google) or GeoSynth (Microsoft), 3D building modeling
is a topic of growing interest. Two main families of approaches may be
distinguished in the literature.

The first family represents buildings as 3D-object layouts. The as-
sociated works efficiently detect and insert various urban objects such as
windows or doors in 3D building models. However, these limited para-
metric descriptions fail to model fine details. On the contrary, the re-
construction of buildings with high order details, such as ornament, stat-
ues and other irregular shapes, is mainly addressed by mesh generation
techniques using Laser scanning or multi-view stereo processes. Multi-
view stereo techniques have significantly progressed during recent years
as underlined in the comparative studies [5, 6]. However, buildings are
man made objects containing many regular components such as planar
or cylindrical shapes. Such a mesh representation gives a large amount
of useless information concerning these regular elements which could
be more relevantly described by parametric objects (e.g. wall facets by
planes or columns by cylinders).

The two families have complementary advantages : semantic knowl-
edge and model compaction for the former, detail modeling and non-
restricted use for the latter. A natural idea, but still weakly unexplored,
would consist in merging both the families in order to propose a hybrid
modeling. Regular elements would be representing by 3D primitives
whereas irregular structures would be described by meshes. In this paper,
we propose a process for substituting regular mesh patches by 3D-objects
(see Figure 2). This is of interest for several reasons: (i) the introduction
of semantic knowledge in the mesh; (ii) the simplification of the modeling
while preserving details; and (iii) the corrections of some errors generated
by the multi-view stereo processes.

We adopt a two step strategy consisting in (i) segmenting the mesh,
and (ii) fitting 3D-primitives on the obtained partition where it is rele-

vant (see Figure 1). We first present the segmentation process based on a
curvature analysis of the mesh. A multi-label energy taking topological
smoothness constraints into account is formulated. The optimal labeling
is estimated by a-expansion [1]. The 3D-primitive extraction from the
obtained partition is then described. An error parameter controls the fit-
ting quality and decides whether a mesh cluster has to be substituted by
a plane, sphere, cylinder, cone or torus. In addition, a refinement pro-
cess corrects the eventual errors generated during the segmentation step.
Experimental results on real building meshes and also on synthetic data
show the interesting potential of the proposed approach.

Figure 2: Hybrid modeling - from top to bottom, and left to right: some
multiview stereo images from [6], mesh obtained from [7], segmented
mesh, extracted 3D-primitives (purple=plane, pink=cylinder, blue=cone,
yellow=sphere, green=torus), our hybrid representation.
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