
Sketch Based 3D Modeling with
Curvature Classification

Abstract

In this paper, we introduce a simple approach for sketching 3D models in arbitrary topology. Using this approach,
we have developed a system to convert silhouette sketches to 3D meshes that mostly consists of quadrilaterals and
4-valent vertices. Because of their regular structures, these 3D meshes can effectively be smoothed using Catmull-
Clark subdivision. Our approach is based on the identification of corresponding points on a set of curves. Using the
structure of correspondences on the curves, we partition curves into junction, cap and tubular regions and construct
mostly quadrilateral meshes using these partitions.

1. Introduction

Sketch based interfaces for modeling started almost
20 years ago with the pioneering work by Tanaka et al.
[1] and it gained significant attention with revolution-
ary work by Igarashi et al. [2]. Since then a wide va-
riety of methods have been introduced [3, 4]. In this
paper, we present a curvature based curve partitioning
approach for sketch based modeling of free-form 3D
shapes. For partitioning curves we have developed 2D-
correspondence functions as an extension of shape di-
ameter functions [5]. 2D-correspondence functions are
used to identify correspondence points on curves and
to robustly classify junction, cap and tubular regions of
curves (see Figure 2). Based on this classification, it
is easy to construct 3D meshes with mostly quadrilat-
eral faces and 4-valent vertices. These meshes can ef-
fectively be smoothed by Catmull-Clark subdivision [6]
since they have only a few extraordinary vertices (see
Figure 1). We have also implemented the method to
demonstrate the effectiveness of the new approach. Our
current implementation construct 3D models only from
sketched silhouettes. We do not allow T-junctions (oc-
cluded curves), which can provide additional informa-
tion about the shapes [7, 8].

Our process for 3D sketching consists of 3 steps:
curve construction, curve partitioning and mesh con-
struction.
(1) Curve Construction: This is a 1-manifold curve con-
struction from a given set of arbitrary strokes. Section 3
briefly describes this process.
(2) Curve partitioning: This is the process of partition-
ing the curves into positive, negative and zero curvature

regions using 2D-correspondence function. This is main
contribution of our paper and it is described in Section 4
in detail.
(3) Mesh construction. This is the final process that con-
verts curves to 3D models. Section 5 provides a descrip-
tion of this process.
In the next section, we briefly discuss previous work on
sketch based shape modeling.

2. Related Work

Sketch based modeling has been influential in creat-
ing many exciting products and software. For instance,
the ideas developed in papers [9] and [10] provided the
conceptual basis of Sketchup software [11], which is
widely used for modeling simple architectural geometri-
cal shapes. There also exists methods for modeling trees
[12], modeling garments [13], modeling using symme-
tries [14], modeling with 3D curve networks [15, 16],
designing highways [17] and terrains [18].

In this paper, we are interested in sketching free form
smooth 3D shapes like Teddy [2], which is probably the
one of the most influential work in sketch based mod-
eling. Teddy is based on centroidal distance transform
which is related to medial axis transform [19]. The dis-
tance from a point on the boundary to the medial axis
is the radius of the maximal ball, whose center lies on
the medial axis, touches the boundary at the point, and
is completely contained in the object. This ball is called
the medial-ball, and its radius can be seen as a form of
local shape-radius connecting the boundary to the me-
dial axis. The problem with medial axis transform is
that definition and extraction of the medial axis or even
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(a) input stroke data (b) correspondence function applied (c) generated mesh (d) smoothed mesh

Figure 1: A Genus-2 Mesh created by our system. Our method can partition user drawn sketches shown in (a) into a set of junctions, tubes and
caps regions using a correspondence shown in (b). Using this partitioning it is easy to construct 3D models as shown in (c). These models can
effectively be smoothed since they consists mostly quadrilaterals as shown in (d).

of discrete approximations using skeletons are complex
and often error prone [5]. Another problem with medial
axis transform is that the resulting meshes are usually
triangulated, which may require a beautification step
[20]. Our corresponding function approach, which is in-
spired by 3D shape diameter function [5], is also related
to medial axis transform but it is robust and guarantees
to construct meshes with mostly quadrilaterals and 4-
valent vertices .

(a) input curves (b) curve region

(c) surface regions (d) 3D regions

Figure 2: Our correspondence function allows us to robustly classify
the portions of curves as junctions, caps and tubes. These regions cor-
respond zero, negative and positive total Gaussian curvature regions.
After this classification, it is easy construct 3D mesh surfaces that
consist of mostly quadrilateral faces.

Our work is also related to Sketch-based subdivision
method [21], which presents a sketch-based interface to
design subdivision models. By taking profile curves of
the surface as an input, it generates a coarse and quad
dominant control mesh with few extraordinary vertices
or faces. The corresponding limit surface interpolates

the profile curves with the capability of local control
across these curves and of the model in general. How-
ever, this approach creates models that are extrusions of
the profile curves in z direction by resulting a flat look-
ing model. Our approach can be seen as a combination
of the organic look of [2] and smoothness achieved by
subdivision surfaces suggested by Nasri et al. [21].

Implicit surfaces provide an alternative for sketch-
ing free form smooth surfaces which includes convo-
lution surfaces [22], Variational Hermite-RBF implicits
[23], Shapeshop [24] and others [25, 26, 27, 28, 29].
Since implicit surfaces can provide exact and approx-
imate set operations, they are particularly attractive to
model complicated surfaces. In this work, we do not
use an implicit based approach.

3. Curve Construction

We assume that the initial silhouette is drawn as a
set of unorganized strokes. The directions of strokes
may not be consistent with how artists would draw.
We assume that there is no self-intersections and/or T-
junctions. Each stroke is represented as a poly-line.
Curve construction process combine, resample and re-
order these strokes in such a way that at the end of
the process we obtain 1-manifold with well-defined in-
side and outside. In practice, we allow 1-manifold with
boundaries and we can still obtain consistent normals.

Curve construction starts with combining individual
strokes into longer curves. This process converts the
strokes to a set of closed or open parameterized poly-
lines. We then re-sample the curves in equal distances
such that the resulting curves are independent of the
speed of the sketching. We then turn the curves into 1-
manifolds by giving a rotation order to each curve such
that always right side indicates inside of the curve. This
is done by using classical inside-outside test. This pro-
cess connects the points by single-links that provide a
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consistent rotation direction. We call the resulting set of
curves 1-manifold since they can define a closed shape
in 2D. For each sample point i, we record and calculate
the position Ci, normal Ni and tangent Ti.

4. Curve Partitioning with Point Classification

(a) Cone directions (b) Ordinary point

(c) Extremum point (d) Saddle point

Figure 3: Classification of points.

We developed
a 2D correspon-
dence function
to partition 1-
manifold curves.
The correspond-
ing function
uses the mesh
partitioning
property of the
shape diameter
function to iden-
tify parts of the
curve as tubular,
junction and cap
regions of 3D shapes to be constructed. These regions
are categorized based on their total Gaussian curvature.
A tubular region is any region with zero TGC. An
obvious example of tubular region is a cylinder. A
donut is also classified as a tubular region since its total
Gaussian curvature is zero, although local Gaussian
curvatures are not zero [30]. Junctions are regions that
connect tubular regions. Their total Gaussian curvature
is negative. Caps are the regions with positive total
Gaussian curvature. This classification is the key for
obtaining a good quality quad-mesh since each region
can easily be converted to a 3D shape as shown in
Figure 2(d).

The process of curve partitioning using 2D-
correspondence function is simple and efficient. Let C
be a 1-manifold, which includes all Cis, and C ⊂ C. We
define 2D correspondence function (2DCF) as a one-to-
one function f : C → C that corresponds every point
C to another point C using the neighborhood-diameter
at each point Ci ∈ C. The computation of 2D corre-
spondence consists of two steps: Computation of initial
corresponding and correspondence processing.

4.1. Computation of Initial Corresponding

Initial corresponded points are computed using a vari-
ant of the procedure that is used shape diameter func-
tion. In our computation instead of diameter, we look
at minimum circles that can be enclosed between two
curve pieces (See Figure 4). For every curve point

Ci ∈ C, we define five 2D-cones (field-of-views) as
shown in Figure 3(a). We search for corresponding
points C js checking all curve points that lies inside of
these 5 2D-cones. A point C j is labeled as a correspond-
ing point Ci if the approximate radius of the circle that
passes from Ci and C j with normal vectors Ni and N j

is the smallest among all points that that lies inside of
these 5 2D-cones. Figure 4 illustrates how we identify
enclosed circle for any two given points Ci and C j. Note
that if we do not find any enclosed shape that is reason-
ably close to circle, the we chose C j and we compute
the estimation of the 2D circle’s radius as

r =
|(C j −Ci) × (C j −Ci)|

2(C j −Ci) · Ni

where × is the cross product and · is dot product. Note
that the C js may not be from initial set C although all
Cis are in C.

(a) Extremum (b) Ordinary

Figure 4: Enclosed circles for extremum
(maximum or minimum) and ordinary points.

The estimated
values of radii
of the 2D circles
can be used to
estimate one
of the principal
components of
Gaussian curva-
ture as κ1 = 1/ri,
which is always smaller than 1 since ri is always larger
than 1 in our units. As it is well-known from differential
geometry, the Gaussian curvature of a point on a surface
is the product of the principal curvatures, κ1 and κ2, of
the given point [31]. Although, we do not have direct
information for the other principal curvature, based on
in which 2D-cone its correspondence point is found,
we can classify estimate κ2 and classify Ci as saddle,
extremum (maximum/minimum) or ordinary point and
classification is recorded in point Ci.
Ordinary points: If its corresponding point falls in the
2D-cone centered at Ci and directed inward-normal di-
rection −Ni, then Ci is most likely to be an ordinary
point as shown in Figure 3(b). In this case, κ2 < κ1 and
it is most likely that κ2 << κ1, which can be very small
number. Since, κ1 < 1, the Gaussian curvature, which
will be computed as κ1×κ2 will even be smaller number,
which can be considered as 0.
Maximum/Minimum points: If its corresponding point
lies in the 2D-cones centered at Ci and directed inward-
side direction −Ni + Ti and −Ni − Ti, then Ci is most
likely to be an extremum as shown in Figure 3(c). Since
κ1 ≈ κ2 and both are positive, Gaussian curvature will
be estimated as κ2

1. Although this number is smaller than
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κ1, it is still a relatively large number comparing Gaus-
sian curvatures of ordinary points.
Saddle points: If its corresponding point lies in 2D-
cones centered at Ci and directed outward-side direc-
tion Ni + Ti and Ni − Ti, then Ci is most likely to be a
saddle as shown in Figures 3(c) and 5(b). In this case.
κ1 will be a negative number since the enclosed circle
is found outside. There is another way to identify sad-
dle points. If more than one ordinary point correspond
to the same point C j as shown in Figure 5(a), they are
also considered saddle points. Using this additional in-
formation, we actually estimate κ2, which is a positive
number computed as curvature of ordinary points that
chooses C j as their correspondence.

The Gaussian curvature obtained from correspon-
dence data is very noisy and includes some correspon-
dence information (e.g. correspondence from saddle
points) that is not needed to construct 3D model. Shape
diameter function computation uses median filtering to
remove similar type of noise. We, instead, process the
correspondence data to distribute Gaussian curvature
among the neighbors to remove the noise.

4.2. Correspondence Processing

Correspondence processing distributes the Gaussian
curvature among the neighbors. This process consists
of sx steps:
1. Updating C: We extend C, to include all C js in
addition to original Cis.

(a) To saddle point (b) From saddle point

Figure 5: Correspondence to and from saddle
points.

2. Splitting
one-to-many
correspon-
dences: As
illustrated in
Figure 5(a),
more than
one ordinary
point can

correspond to a saddle point, resulting in one-to-many
correspondences. When this happens, we simply move
one correspondence to one of the neighborhood points
until we obtain a one-to-one correspondence.
3. Removing useless correspondences: We remove
correspondences of saddle points from C. As illustrated
in Figure 5(b), since these correspondences go outside
of the shape, they are actually useless except for classi-
fying the point as saddle and computing an estimate of
Gaussian curvature.
4. Reassign correspondences: Since correspondences
are now one-to-one, both ends of the corresponding

function refer to each other.
5. Laplacian smoothing: We take the immediate
neighbors of the point that we proccess. The parametric
average of the correspondences of these neigbors

To do Laplacian smoothing we take the correspond-
ing points of our intiail point’s neighbors. We then
move the correspondence of our initial point to the
parametric average of these corresponding points. This
operation removes the Gaussian noise resulted from
initial computation. Note that this operation replaces
some of the elements of C with new points from the
whole set C.

Figure 6: Edge classification using ro-
tation system.

6. Edge Classifica-
tion: After Laplacian
smoothing, all true
saddle and extremum
points are removed
from C. The result-
ing corresponding
function defines a 2D
mesh M that consists
of mostly quadrilater-
als as shown in Figure 6. Each face of this mesh has
a consistent rotation order. Each correspondence is an
edge of this mesh and two correspondence directions,
i.e. Ci → C j and C j → Ci, are actually the two
half-edges [32]. If one of the half-edge of an edge is
not part of a face (see black edges in Figure 6), that
particular edge is in the boundary of a tubular and cap
region. On the other hand, if a half-edge of an edge
belong to a non-quadrilateral face (see blue edges in
Figure 6), that particular edge is in the boundary of
a tubular and junction regions. The rest of the edges
(i.e. red ones in Figure 6) simply correspond to tubular
regions.

It is possible to further reduce the size of C by remov-
ing some edges that correspond to tubular regions. It is
also possible to increase the number of edges that cor-
respond to tubular regions . Decimation can be useful
to remove the noise in the drawing. Populating, on the
other hand, is useful to obtain 3D model that is closer to
original drawing.

5. Mesh construction

The construction of a 3D mesh from 2D mesh M
is straightforward. The mesh construction consists of
three steps:
1. Constructing tubular regions: We consider tubular
regions as swept by a sphere with changing radius. For
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every edge of M, i.e. Ci−C j pair, we place a sphere with
a radius of the 2D circle that correspond the edge of M.
We adjust the center of the sphere in such a way that the
rays coming from eye are tangent to the sphere. This ad-
justment guarantees the correct silhouette. The centers
of these spheres form skeletal 3D curves that are medial
to the tubular regions. After choosing a great circle for
each sphere perpendicular to the skeletal 3D curve, we
can construct edge loops by connecting equidistant ver-
tices placed around these circles. We then connect these
edge loops to construct tubular meshes in 3D. This pro-
cess creates not one but a set of disconnected tubular
meshes.
2.

Combining tubular regions with junctions: We con-
nect the tubular meshes using junction regions in the
2D mesh. For the border edges around each junction re-
gion, we retrieve the edge loops constructed for them.
We then connect the vertices of each half of an edge
loop to the adjacent half in the consequtive edge loop
order one by one in the rotation .
3. Adding caps: We can optionally cover the open poles
of the tubular mesh with caps.

We have developed a simple sketch based model-
ing system to show the feasibility of our method. The
shapes shown in Figures 1, 8 and 7 are examples that
are created using our system.

Figure 7: A genus-3 manifold mesh created by our system.

6. Conclusion and Discussion

This paper introduced an approach for sketching 3D
models of arbitrary genus. Our approach provides the
organic (non-flat) look obtained by Igarashi [2]. We de-
veloped a system to convert silhouette sketches to 3D
meshes that mostly consists of regular quadrilaterals.
Because of their regular structures, these 3D meshes can

effectively be smoothed using Catmull-Clark subdivi-
sion similar to Sketch-based subdivision method intro-
duced by Nasri et al. [21]. We have introduced a robust
correspondence function, which can be used as an alter-
native to medial axis transformation and shape diame-
ter functions in applications other than sketch modeling
since it can also help to partition even surfaces into ex-
tremum, saddle or ordinary regions.

Our correspondence processing is a non-linear opera-
tion that implicitly provides total Gaussian curvature in
a given region. Therefore, we do not fully utilize the
expected Gaussian curvature information we have ob-
tained. However, this information can be useful to cre-
ate even better meshes by directly controlling vertex and
face defects by creating 3 or 5-valence vertices [30].

Figure 8: A genus-0 manifold mesh created by our system.

We have also implemented a simple user interface to
demonstrate the effectiveness of the new approach. Our
current implementation can construct 3D models only
from sketched silhouettes. We do not allow T-junctions
including occluded curves. Such T-junctions are es-
sential to create more complicated shapes [7, 8]. Our
method can only create shapes whose medial axis are
1-complexes, i.e. a connected set of 3D curves. Me-
dial axes of general shapes can be 2-complexes. Our
method is specifically useful for the development of in-
terfaces for cartoonists who draw and develop charac-
ters that consists of tubular regions connected by junc-
tions [33, 34].
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