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Abstract. Image snapping is the technique to move a cursor position
to a nearby feature such as edges in a 2D image when the cursor is located by a user. This paper proposes a new snapping technique called
the geometric snapping that naturally moves the cursor position to a
geometric feature in 3D meshes. The cursor movement is based on the
approximate curvatures deﬁned for measuring the geometric characteristics of the 3D meshes. The proposed geometric snapping can be applied
to extracting geometric features of 3D mesh models in many CAD and
graphics systems.

1

Introduction

The cursor snapping presented in Sketchpad systems is a well-known technique
for interactively providing an exact cursor position in graphics user interfaces
[12]. Many CAD and graphics systems have adopted the cursor snapping for
picking 2D objects such as line segments, circles, polygons, and so on. This
technique was extended into picking objects in 3D space by locating the cursor in
a 2D screen [1,2,11]. Image snapping is another evolution of the cursor snapping
proposed by Gleicher [5], which moves the cursor position to a nearby feature
such as edges in an image when the cursor is located by a user. The image
snapping can be applied to extracting edge features from an image as well as
editing the image eﬃciently.
In order to visualize the world more realistically in CAD and graphics systems, there have been diverse 3D models describing objects in the real world.
Most of the 3D models tend to be represented with 3D meshes for being effectively processed. One of the most important processing in the meshes is to
detect the geometric features that represent the main boundaries of the 3D meshes, since they are crucial for deciding which parts of the meshes have to be
processed or to be preserved in many applications such as mesh simpliﬁcation,
mesh compression, mesh editing, mesh morphing, and mesh deformation [4,1316]. In mesh simpliﬁcation and compression, the geometric features have to be
maximally preserved. Mesh editing usually processes the parts representing geometric features in a mesh. Mesh morphing is also usually performed by using the
M. Bubak et al. (Eds.): ICCS 2004, LNCS 3039, pp. 90–97, 2004.
c Springer-Verlag Berlin Heidelberg 2004
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corresponding geometric features between two meshes. Meshes can be deformed
by manipulating their parts representing the geometric features.
In this paper, we propose the geometric snapping that can be used as a basic
technique for eﬀectively processing meshes. The geometric snapping extends the
notion of image snapping to mesh models in the three-dimensional space. In
other words, when a user selects an arbitrary vertex or point of a given 3D mesh
model with the cursor, the cursor naturally moves to a nearby geometric feature
of the mesh. There are two major issues in the extension; deﬁning geometric
characteristics on the mesh and moving the cursor onto the surface of the mesh.
In this paper, the geometric characteristics are represented with the change
of normals of adjacent faces or the radius of the circle passing the centers of
three adjacent edges in the mesh. Moreover, we deﬁne the movement cost that
is required when the cursor moves from a vertex into another vertex. Using
the proposed measurements, we develop eﬃcient techniques for the geometric
snapping, and then apply them to extracting geometric features from an example
mesh model.

2

Geometric Characteristics of 3D Meshes

The eﬀectiveness of geometric snapping depends on the methods of measuring
the geometric characteristics of meshes and the strategies of moving the selected
vertex to a point on geometric features by the measurement. In general, the
deﬁnition of geometric characteristics of a mesh may vary according to each
application. In this paper, we use the approximate curvatures deﬁned on a mesh
to measure the geometric characteristics. This section introduces the methods
for computing the approximate curvatures and blurring them.
2.1

Computing Approximate Curvatures

The curvature for a given point in a 3D mesh is deﬁned as the curvature of the
curve lying in a plane containing the vector tangent to the surface at the point.
The curvature at a speciﬁc point on a curve in the plane is deﬁned as the ratio of
change in slope on the point. Because it is diﬃcult to calculate exact curvatures
on a surface, other curvatures are deﬁned: principal, Gaussian, and mean curvatures. The principal curvatures at a point of a surface are the minimum and
maximum of the curvatures at the point, the Gaussian curvature is the product
of two principal curvatures, and the mean curvature is the half sum of two principle curvatures [17]. Since it is very diﬃcult to exactly calculate these curvatures
on faces of 3D mesh models, there are many attempts to obtain approximate
curvatures on a point of the mesh. An important factor in approximating the
curvatures is how to explain main geometric features of a mesh model. Many
powerful methods [4,9,10,13-16] for obtaining the approximate curvatures have
been proposed. This paper proposes new methods for reﬂecting the geometric
characteristics of 3D meshes more exactly. In the ﬁrst method, we deﬁne the
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approximate curvature AC(v) on a vertex v in a given mesh by exploiting the
normal vectors of faces containing v as:
k−1

v
AC(v) = 1.0 − min(fiv · f(i+1)
mod k )
i=0

(1)

In Equation (1), k is the number of faces sharing v, and fiv is the normal vector of
the i-th face when the adjacency faces are ordered in counter-clockewise, and the
operation · is the dot product of two vectors. The approximate curvature AC(v)
is deﬁned as the subtraction of the minimum value among the inner products of
normal vectors for all pairs of adjacent faces from 1.
As the second method, the curvature for a vertex v is the average of approximate curvatures on the edges incident to v. Let the ordered vertices adjacent to
v be nvi for all i = 0, . . . , k−1, where k is the number of vertices adjacent to v.
We denote the edge connecting v and nvi with nei . Then, the curvature C(nei )
on the edge nei is deﬁned as.
riv + rinv
(2)
2
In Equation (2), riv is the radius of the circle passing the center of nei , and
each center of two edges that are adjacent to nei while sharing v. Similarly,
the radius rinv of another circle is deﬁned by nei and the two edges that are
adjacent to nei while sharing nvi . In addition to the proposed methods, we can
compute approximate curvatures by applying other methods such as the quadric
error metric [4], the inner product of two adjacent vertices [9], and the mean or
Gaussian curvatures of edges or vertices [10].
C(nei ) =

2.2

Blurring Approximate Curvatures

If we regard approximate curvatures as height maps, the cursor movement of
geometric snapping can be explained with a ball rolling down to valleys. The
rolling ball may fall into local minimums before reaching at the deepest valley, which is caused by the limitation of computing method or the geometric
characteristics themselves. In order to avoid this undesirable phenomenon, we
soften up local minimums and emphasize global minimums by weighting the
approximate curvature of each vertex on its nearby vertices. This technique is
called the blurring. In this paper, we blur the approximate curvatures by using
a well-known weighting factor called the Gaussian smoothing ﬁlter. That is, the
approximate curvature on a vertex v is redeﬁned as.
BAV (v) =

k−1

i=0

AC(nvi ) × √

−(dx2 +dy 2 +dz 2 )
1
2σ 2
×e
2πσ

(3)

In Equation (3), the vector (dxi , dyi , dzi ) is (v x −nvix , v y −nviy , v z −nviz ) for a
vertex v = (v x , v y , v z ) and its adjacent vertex nvi = (nvix , nviy , nviz ). Since the
smoothing degree of the Gaussian ﬁlter is determined by the size of σ, we assign
appropriate values to σ according to the size of k; σ = 0.85 if k ≤ 7, σ = 1.7 if
7 < k ≤ 16, σ = 2.5 if 16 < k ≤ 36, and σ = 3.5 if k > 36.
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Assume that a user selects a vertex on the 3D mesh in which each vertex has the
approximate curvature computed by one of the methods described in Section 2.
The cursor pointing to the selected vertex should be moved into other vertex
appearing geometric features. In order to process the movement, we express a
given mesh as a connected graph whose vertices and edges are just the ones of
the mesh. Each vertex of the graph corresponds to that of the mesh, and has 3D
coordinates and the approximate curvature. In this section, after establishing
the cost function that is used as a criterion for moving the cursor vertex to other
vertex, we develop several strategies how to move the cursor by using the cost
function.

3.1

Move Cost Function

We estimate the cost required for moving the cursor from a vertex to another
vertex over a mesh. Let u and v, respectively, be the current vertex and the next
vertex to be chosen. The cost function for moving from u to v is denoted by
cost(u, v), which is deﬁned similarly to that of an image pixel [8] as:
movecost(u, v) = ωz fz (v) + ωd fd (u, v) + ωg fg (v).

(4)

In Equation (4), the three functions of fz , fd , and fg are Laplacian zero-crossing,
curvature direction, and curvature magnitude respectively. The Laplacian zerocrossing fz (v) is used for representing whether or not a vertex v is on geometric
features such as edges. From experimental results, we use the critical value of
approximate curvatures for determining whether a vertex u represents the geometric features as; if AC(v) > 2 then fz (v) = 1 else fz (v) = 0. Since the vertex with a larger curvature represents the geometric feature better than other
vertices with smaller curvatures, the curvature direction fd (u, v) is deﬁned as
fd (u, v) = AC(u) − AC(v). If fd (u, v) > 0, the cursor tends to move from u
to v. Otherwise, the movement occurs conversely. The last function of the curvature magnitude fg (v) is the approximate curvature AC(v) itself. Each ω is
also the weight of the corresponding function. We set the weights as ωz = 0.43,
ωd = 0.43, and ωg = 0.14 respectively from the experimental results, that is, the
Laplacian zero-crossing and the curvature direction play important roles while
the curvature magnitude has a little eﬀects relatively. For nonadjacent two vertices u and v, we consider the cost function movecost(u, v) for moving from u to v
by using the shortest path sp(u, v) from u to v. If sp(u, v) consists of a sequence
of k vertices, u = v1 , · · · , vk = v, then the cost function movecost(u, v) can be
deﬁned as:
k−1

movecost(vi , vi+1 )
(5)
movecost(u, v) =
i=1
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Strategies for Moving the Cursor

We consider three strategies for moving the cursor to a nearby geometric feature
by computing the cost function. The ﬁrst is to check the vertices adjacent to
current vertex v. If the largest cost of the adjacent vertices is greater than 0,
the cursor moves to the vertex with the largest. This movement is iterated until
the costs of the vertices adjacent to current vertex are all zeros. This is a simple
and convenient method, but it would take too much time in a dense mesh, i.e.,
lots of vertices are connected near to each other.
To enhance the performance of moving the cursor in a dense mesh, it is
possible to check farther vertices with a certain range from v instead of its
adjacent vertices. The second strategy is to use the range of Euclidean distance,
while the third one is to use the range of path length. The Euclidean distance
d may be determined by the adjacent vertex that is the farthest from v. An
appropriate integer value n may be selected for the path length that is the
minimum number of edges connecting two vertices. Hence, we check the vertices
inside a sphere at origin v with the radius d, or the vertices whose path length
to v is less than n. The cursor movement iterates same as the ﬁrst method.

4

Experimental Results

The proposed geometric snapping has been implemented on PC environments
with the libraries of Microsoft Foundation Class (MFC) and OpenGL. The halfedge data structures are adopted for representing 3D meshes. We tested the
implementation in the mesh of a face model. The approximate curvatures computed with Equation (1) and (2) in all vertices of the face model are visualized
as grey colors in Fig. 1 (a) and (b) respectively, where the brightness depends
on the magnitude of the curvatures. However, the computed approximate curvatures are discontinuous and noisy in some regions. To remove these phenomena,
the approximate curvatures were blurred with Equation (3). Fig. 1 (c) illustrates
the result from blurring the approximate curvatures in Fig. 1(a). For geometric
snapping, a user ﬁrst selects any vertex over a mesh that is preprocessed like Fig.
1(c). The located cursor will be moved into a nearby geometric feature within
a certain neighboring range by using the movecost function in Equation (4) or
Equation (5). Fig. 2 demonstrates the steps of the cursor movement in the ﬁrst
strategy using the adjacency for checking neighbors of the selected vertex: the
1st movement (a), the 5th movement (b), and the ﬁnal movement (c). The ﬁnal
movements obtained by other strategies using a Euclidean length and a path
length are shown in Fig. 2 (d) and (e) respectively. The cursor settled down
after 3 movements for a determined Euclidean length, while 2 movements are
needed for the path length 3. In these ﬁgures, the initial vertex selected by a user
and the vertices passed by the cursor are black-colored. Solid lines represent the
whole paths along which the cursor moved by the geometric snapping.
The problem of edge extraction in a 2D image [3,6,8] is very important for
extracting feature boundaries in many applications. Similarly to the edge extraction in an image, we consider the extraction of geometric features such as
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(c) Equation (3)

Fig. 1. Computing and blurring approximate curvatures

(a) an initial vertex

(b) the 5th movement

(d) using Euclidean length

(c) the ﬁnal movement

(e) using path length

Fig. 2. Moving the selected cursor

eyes, eyebrows, noses, and lips in a facial mesh model. Various applications such
as facial deformation and facial animation in the facial model have needed the
eﬀective process of the geometric features. To extract the geometric features for
a 3D mesh model, Lee and Lee [7] proposed the geometric snake as one method
that is the extension of an image snake [6]. In this paper, we use the procedure
of the geometric snapping for the geometric extraction; a sequence of vertices
selected in this procedure can be identiﬁed as the geometric features. Fig. 3 (a)
shows the result from applying the geometric snapping to extracting the boundary of lips. The black vertex is the one selected by a user, and the black solid
lines represent the trace along which the cursor moves from the selected vertex
when the geometric snapping is applied iteratively. Fig. 3 (b) and (c) are the
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results from iteratively applying the geometric snapping to extracting the lower
boundary and the whole boundary of a left eye respectively.

(a) lips

(b) a left eye I

(c) a left eye II

Fig. 3. Extracting geometric features

5

Conclusion

This paper proposed the technique of geometric snapping that naturally moves
the cursor from a selected vertex to other vertex representing a geometric feature
in a 3D mesh. We applied it to extracting geometric features from a face model.
In the future, it is required to develop another technique of geometric snapping,
which considers the relations among several vertices selected by a user.
The geometric features obtained by iteratively applying our geometric snapping are represented with a set of open or closed polygonal lines connecting a
selected vertex and other vertices passed during the iteration. This is because
a mesh consists of vertices, edges and faces. Hence, the obtained geometric feature may have the shape of staircases. It is also very important to remove these
staircases of the extracted geometric features.
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