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a b s t r a c t

This paper presents a new framework for generating triangular meshes from textured color images. The
proposed framework combines a texture classification technique, called W-operator, with Imesh, a
method originally conceived to generate simplicial meshes from gray scale images. An extension of W-
operators to handle textured color images is proposed, which employs a combination of RGB and HSV
channels and Sequential Floating Forward Search guided by mean conditional entropy criterion to extract
features from the training data. The W-operator is built into the local error estimation used by Imesh to
choose the mesh vertices. Furthermore, the W-operator also enables to assign a label to the triangles dur-
ing the mesh construction, thus allowing to obtain a segmented mesh at the end of the process. The pre-
sented results show that the combination of W-operators with Imesh gives rise to a texture classification-
based triangle mesh generation framework that outperforms pixel based methods.
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1. Introduction

The problem of generating meshes from images has been investi-
gated in two different contexts, namely, image representation and
numerical simulation. The techniques devoted to image representa-
tion (also called image mesh modeling) aim at modeling a given im-
age as a mesh, envisioning mainly a more compact representation
instead of the pixel representation. Image meshing methods toward
numerical simulation, however, intend to generate meshes suitable
for numerical solution of physical phenomena, as for example, blood
flow simulation and mechanical simulation of lung behavior.

Although targeting distinct applications, both approaches make
use of a similar set of conventional image processing tools, such
high-pass filters combined with thresholding, iso-values and inter-
polation in order to decide where the vertices of the mesh must be
placed. As expected, the use of conventional tools limits the effec-
tiveness of image based mesh generation methods to the restric-
tive class of non-textured images. In fact, most techniques
strongly rely on user intervention when dealing with textured
images. This is the case of most techniques in the context of
numerical simulation, as many mesh generation techniques as-
sume well defined curves representing the boundary of the domain
to be meshed as input, what is very difficult to be obtained through
conventional segmentation methods.

In order to circumvent these difficulties, this work proposes a
new methodology for meshing textured color images that reduces
the user intervention drastically, being thus a valuable alternative
to the existing methods. In fact, by exploiting the concept of W-
operators [1] and the developed image based mesh generation
technique called Imesh [2], a new framework for handling textured
color images has been conceived. Besides dealing with color and
texture, our approach offers a very flexible mesh generation mech-
anism which can be employed to image mesh modeling as well as
to image mesh generation for numerical simulation. W-operators
are employed both for vertex placement and cell labeling, thus
resulting in an unified scheme to generate a segmented mesh. A
quality mesh is then obtained by applying an adaptation of Rup-
pert’s algorithm [3] to the segmented mesh. Therefore, the frame-
work proposed in this work produces a segmented quality mesh
representing structures contained in textured color images, a fea-
ture not found in other image based mesh generation techniques.

The approach proposed in this paper is based on a supervised
texture classification, called W-operator [1], and it is oriented by
a Delaunay mesh created by Imesh [2] algorithm. The W-opera-
tor-based approach proposed in the present paper is intrinsically
local since the image is seen locally through a window that just ob-
serves a limited part of the image, allowing to take into account the
texture information. In fact, our supervised approach allows a
straightforward partitioning of the resulting mesh without requir-
ing an user defined parameter to specify the number of partitioned
regions [2,4]. Furthermore, the robustness and effectiveness sup-
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plied by the Delaunay triangulation jointly with an effective vertex
insertion mechanism that avoid bad quality triangles render Imesh
a very reliable mesh generation scheme. Moreover, Imesh makes
use of a theoretically guaranteed mesh refinement scheme [5] a
characteristic not found in other methods devoted to generate
meshes from images.

Before presenting the main aspects of our approach, we briefly
describe the related work in the next section. The Imesh technique,
W-operators and their combination are presented in Section 3. Sec-
tion 4 describes the methodologies employed to segment and to
improve the mesh. Results and conclusions are discussed in Sec-
tions 5 and 6, respectively.

2. Related work

In this section we present a review of relevant methods for gen-
erating triangular meshes in domains defined by image. Our dis-
cussion is focused on two-dimensional algorithms, although
some of the presented techniques can be extended to handle 3D
images. The related techniques are divided in two main groups,
as following.

Image Mesh Modeling techniques intend to build a mesh that
minimizes an error measurement, usually the approximation error
between the original image and that represented by the triangular
mesh. Garcia et al. [6], for example, have presented an algorithm
that controls the maximum root-mean-square error (RMS) by
choosing the vertices of the mesh from a curvature image, i.e.,
more vertices are placed in areas with high curvatures. The mesh
model is built by generating the Delaunay triangulation [7] from
the chosen vertices. Regions with high RMS error are re-sampled
and new vertices are added to the Delaunay triangulation. Garcia’s
method is a typical example of an adaptive approach, which is
characterized by beginning with an initial mesh that is iteratively
refined in order to reduce the interpolation error. Many algorithms
devoted to represent images by meshes are based on adaptive ap-
proaches [8–11]. Alternatively, some techniques have adopted an
opposite strategy, i.e., a fine mesh is successively coarsened until
the approximation error reaches a tolerance [12]. Mixed ap-
proaches that combine refinement and coarsening [13,14] as well
as optimization schemes for positioning the vertices have also been
developed [15,4].

Still envisioning image mesh modeling, Yang et al. [16] pro-
posed an one pass method that makes use of zero-crossings jointly
with error diffusion in order to choose and to position a set of ver-
tices from which the Delaunay triangulation is built. Besides reduc-
ing the approximation error, the authors argue that this strategy
produces meshes of good quality.

A main drawback of the above methods in the context of mesh
generation for textured images is the difficulty to define an appropri-
atedapproximationerrorwhichdoesnotgenerateanexcessivenum-
ber of elements. This effect happens when internal details of the
texturearedetectedandnewelementsarecreatedtorepresentthem.

In general, Image Modeling for Simulation methods divide the
mesh generation process in two main steps: pre-processing and
mesh generation. The pre-processing step aims at filtering and seg-
menting the image in order to detect the regions of interest, which
are ‘‘meshed” in the mesh generation step. Cebral and Lohner [17]
binarize the original image in order to extract well defined con-
tours from which the mesh is built. Binarization has also been em-
ployed as a pre-processing strategy by Zhang et al. [18] and Berti
[19]. In both algorithms the mesh is generated by defining an im-
plicit function from the binary images that guides a space parti-
tioning strategy (quadtree) and thus the mesh generation. They
also add a post-processing step to improve the quality of the mesh.

By making use of pre-processing to reduce noise and to high-
light sharp features, Hale [20] proposed the use of a potential en-
ergy function to align a lattice of points with the image features.
The mesh is then generated by Delaunay triangulation from the
aligned points. The main problem with Hale’s strategy is that dis-
tinct regions are not identified. Therefore, a mesh segmentation
post-processing step is required in order to distinguish the differ-
ent structures contained in the image.

To the best of our knowledge, the work by Hermes and Buh-
mann [4] is one of the few examples of mesh generation technique
that can to deal with textured images. The triangulation scheme
proposed in [4] is based on a minimization mechanism that relies
on an iterative refinement approach and vertices’s movement. Dif-
ferent from our approach, the quality of generated elements is not
considered and the resulting mesh is not Delaunay. Moreover, the
cost function to be minimized is defined without any previous

Fig. 1. Generation and replication of the training samples by rotations of 45� ðd ¼ 45Þ.

Fig. 2. An example of a sub-window from which the W-operator may be designed.
The chosen sub-window is composed by the black positions.
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