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Abstract
In this paper, we articulate a new approach to interactive generation of 3D models with rich details by way of sketching
sparse 2D strokes. Our novel method is a natural extension of Poisson vector graphics (PVG). We design new algorithms that
distinguish themselves from other existing sketch-based design systems with three unique features: (1) A novel sketch metaphor
to create freeform surface based on Poisson’s equation, which is simple, intuitive, and free of ambiguity; (2) Convenient and
flexible user interface that affords the user to add rich details to the surface with simple sketch input; and (3) Rapid model
creation with sparse strokes, which enables novice users to enjoy the utilities of our system to create expected 3D models. We
validate the proposed method through a large repository of interactively sketched examples. Our experiments and produced
results confirm that our new method is a simple yet efficient design tool for modeling free-form shapes with simple and intuitive
2D sketches input.
CCS Concepts
• Computing methodologies → Sketch-based Modeling;

1. Introduction and Motivation
In recent years, sketch-based modeling has outperformed conventional 3D geometric design processes with multiple modeling advantages, including simple user interface, natural and intuitive input
using simple geometric primitives (i.e., curve sketches), reduced
learning/training burden, lower time costs, etc. However, due to
the inherent ambiguity, existing sketch-based modeling methods require redundant stroke input and could only create simple models
without rich details and holes.
To solve the above problems of the existing methods, we present
a method that allows users to model a freeform surface with complicated details and high genus using a more convenient sketching
interface. We propose to make use of the Poisson’s equation to construct smooth surface with complicated details and arbitrary holes.
In addition, we introduce a new sketch interface, which allows users
to control the concave-convex variation of the model flexibility. To
derive complete 3D models, we extend our approach to multi-view:
the user can rotate to a more opportune view to adjust the shape of
the surface, and the patches produced by different views can be
joining into a more complex model (see Fig. 7). Our salient contributions are as follows:
† Corresponding author: houfei@ios.ac.cn
‡ Corresponding author: qin@cs.stonybrook.edu

1. We propose a novel sketch metaphor to create freeform surface
based on Poisson’s equation, which is simple, intuitive and without ambiguity.
2. Our sketch metaphor is adequate to create 3D model with complicated details by a few and intuitive curves without topological
restrictions.
3. We design and implement a sketch based 3D modeling system
with simple and clear human-computer interface.
The remaining of the paper is organized as follows: Section 2
reviews the prior works. Section 3 introduces our single-view modeling method, then we shall describe our multi-view framework in
Section 4, followed by the experimental results and comparisons
with the latest works in Section 5. Finally, Section 6 concludes our
method and points out our future work and limitations.
2. Related Works
Classic Geometric Inference Methods. Building a 3D shape from
a 2D sketch is a challenge problem because of its inherent ambiguity. Existing solutions oftentimes have to make use of additional
information and constraints to remove the ambiguities. Such as
[IIMT07, JC08, NISA07, BPCB08, OSJ11, SWSJ06, TZF04, KH06]
make an assumption that the model is symmetric in the sketch
plane to quickly build smooth low-frequency 3D shapes. Since the
stick figures are too sparse to express the surface, some systems
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Figure 1: Single-view modeling pipeline. (a) The input stroke primitives (red/black for boundary curve/soft bump curve), (b) The 2D domain
mesh, (c) The basic surface, (d) The input stroke primitives (blue/green for hard bump region/feature curve), and (e) The final surface.

[XGS15, BKL15, IBB15, LPL∗ 17] make use of additional inputs
to aid the modeling. In addition, geometric primitives and annotations are also commonly used in the field of sketch modeling
[GIZ09, SAG∗ 13, BCV∗ 15]. But representing 3D shapes with geometric primitives often loses complicated details. Some previous
works involve Poisson’s equations to inflate meshes [SKC∗ 14,
FYXJ16, YHJ∗ 17, JFZ∗ 18, DNJ∗ 18]. They used constant Laplacians to inflate regions with Neumann or Dirichlet boundary condition. However, this is not enough for sketch-based modeling. More
recently, Hou et al. [HSF∗ 18] presented a new vector primitive to
control image shadings. Subsequently, Fu et al [FHS∗ 18] extended
these primitives on mesh decoration which supports level-of-details
(LOD) editing on a closed 3D mesh. Inspired by their works, we
extend these primitives to design an interactive sketch-based modeling system.

3.2. 2.5D Surface Generation

Data-driven Methods. The early data-driven based modeling
methods generally search a shape from database against an input sketch and then deform the retrieved shape to fit the input
sketch [LF08,XXM∗ 13]. However, the results significantly depend
on the database, and these methods are not capable for freeform
shape modeling. Recently, the convolution neural network (CNN)
is used to learn a regression model mapping sketches to 3D objects [NGDA∗ 16, SDY∗ 18, LGK∗ 17, DAI∗ 18]. The CNN can alleviate the difficulty of modeling but the CNN trained for a specific
category cannot be generalized to handle other tasks. The latest
work [LPL∗ 18] uses a CNN to infer the depth and normal mapping for reconstructing surfaces from 2D sketches. However, CNNbased methods are difficult to precisely control the geometric details of the model.

Figure 2: Base model. (a) the smooth height field established on the
region Ω, f is set to a constant (f = 0.3). (b) and (c) use soft bump
region to divide the region Ω and assign different fi values to different sub-regions ( fin = −0.8 for (b)) and ( fin = 0.9 for (c)), where
fin represents the Laplacian in the soft bump region (surrounded by
black curve).

3. Single-view Modeling
3.1. Curve Primitives
As show in the Fig. 1, we define the following 4 types of primitives
to model the freeform surface:
• boundary curve - represents the boundary of the surface patch,
and the curves are shown in red.
• soft bump region - adjusts the local bump of the surface with soft
boundary, which is shown in black.
• hard bump region - adjusts the local bump of the surface with
hard boundary, which is shown in blue.
• line feature curve - is used to produce a concave/convex line feature, which is drawn in green.

Planar triangulation. Our system automatically detects closed region Ω formed by the boundary curves and then we use the constrained Delaunay triangulation algorithm of CGAL [Yvi18] to
quickly generate a dense mesh confined to the boundary curves
(Fig. 1 (a) and (b)).

(a)

(b)

(c)

Poisson’s equation. Suppose the planar mesh M has n vertices,
and we use a pair (E,V ) to denote the mesh, where E is the set of
edges and V is the set of vertices. We derive the surface by solving
a Poisson’s equation,

∆ϕ(x) = f , x ∈ Ω\∂Ω
(1)
ϕ |∂Ω = g,
x ∈ ∂Ω,
where Ω is the 2D domain enclosed the boundary curves sketched
by user. x ∈ ∂Ω represents the boundary vertices of the triangular mesh M and x ∈ Ω\∂Ω refers to the inner vertices of M. f is
a function indicating the Laplacians of the surface. Consequently,
the user can create a C1 smooth surface model by setting different
f values over different sub-regions through the intuitive sketch interface. We use ϕ(x) to represent the solution, i.e., the 2.5D surface.
The Dirichlet boundary condition g is determined by the boundary
curves surrounding the region. We calculate the Poisson’s equation
by solving the following sparse linear system:
Lh = b,

(2)

n×n

where the matrix L ∈ R
is the topological Laplacian of the
mesh M [Sor05]. Given the Dirchlet boundary constraints, Eq. (2)
becomes positive definite, so we solve it by Cholesky decomposition efficiently.
c 2019 The Author(s)
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Soft bump region. As shown in Fig. 2, when the height field
is constructed only by the boundary curves (Fig. 2(a)), the height
propagates smoothly from the mesh boundary to the inner vertices.
When the user draws a sub-region on the Ω using the soft bump
region (Fig. 2 (b), (c)), the local concave-convex of the model can
be easily adjusted through various values assigned to f in the the
region. The concave/convex ambiguity is resolved by the sign of f .
Notably, specifying different Laplacian values for sub-regions does
not preserve the boundary shape clearly, and the high-frequency
surface constructed by the boundary curve and the soft bump region
primitives keeps C1 -continuity (Fig. 1 (c)).

Hard bump regions. Unlike the soft bump region, we design the
hard bump region to create a bump with clear boundary. Inspired
by [HSF∗ 18], each hard bump region is determined by two subregions Ω1 and Ω2 (see Fig. 3(a)), and the outer sub-region Ω1
should be very narrow to maintain the sharpness of the hard bump
region. Then we specify a constant fi for each of the two subregions of the hard bump region, where the signs of f1 and f2 are
opposite, and we keep the integral value of the Laplacian in region
Ω to 0 by adjusting the values of f1 and f2 . Of course, our system
hides these constraint details for the user, so the user only needs
to drag a slider adjust the degree of bump of the geometric details.
See Fig. 3 for an example.

(b)

(b)

(c)

(d)

Figure 4: Various effects produced by line feature curves on the
surfaces by adjusting the parameters. The parameters in (a) p =
−0.5, (b) p = −0.2, (c) p = 0.2 and (d) p = 0.5.

• align curve - is used to align the splicing boundaries of multiple
patches.

3.3. Surface Decoration

(a)

(a)

(c)

(d)

Figure 3: Hard bump regions. (a) A hard bump region can be diS
vided into two sub-regions, Ω = Ω1 Ω2 . (b) Sketch input, where
the red strokes are boundary curves and the blue strokes are hard
bump regions. Different geometrical decorative effects can be produced by dragging the slider to adjust the degrees of the hard bump
regions, where (c) q = 0.5 and (d) q = −0.5.
Line feature curve. To create a narrow wrinkle (either concave
or convex) on a surface, we design a line feature curve. When the
user draws a line feature curve and sets the parameter p for it, our
system first circles a narrow region of interest (ROI) along the primitive, and the ROI contains all the vertices within γ (γ = 0.05, about
4 times of the edge length of the triangle mesh). Second, our system
updates the Laplacians of the vertices in the ROI, where the laplacians of the vertices on the line feature curve are f , the Laplacians
of the internal vertices of the ROI are 0, and the Laplacians of the
vertices of the ROI boundary is −0.5 f . See Fig. 4 for an example.
4. Multi-view Modeling
Other auxiliary primitives. In the multi-view framework we will
use the following two auxiliary curve primitives:
• refine curve -assists the users to adjust the height of the selected
boundaries of the surface.
c 2019 The Author(s)
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Boundary curve height editing. To draw objects with complex
boundary curves, the user can rotate the view and draw refine curve
to edit the height of the selected boundary vertices at the new view
(Fig. 5). Thanks to the solution characteristics of the Poisson equation, by modifying the boundary conditions in (Eq. (2)), the height
of the boundary of our base surface can be easily modified.

(a)

(b)

(c)

(d)

Figure 5: Boundary curve height editing. (a) Butterfly model. (b) A
purple curve to select the boundary vertices that need to adjust the
height. (c) Adjust the model’s boundary coordinates by drawing
a refine curve from the top view. (d) After the deformed butterfly
model, the geometric details on the butterfly’s wings are reserved
in the deformation.

Multi-view sketching for 3D model generation. In order to
solve the occlusion problem, we recommend that the user rotates
the view angle to redraw the occluded surface. If for certain cases,
the user wants the surface patch to be closely attached to the previous surface, we provide the align curve. As shown in Fig. 6, there is
a gap between the duck wing drawn on the new drawing plane and
the duck body (a). The user first selects the boundary vertices on
the duck wrings and then draws an orange align curve on the duck
body (b), then we use a shape-maintaining deformation method to
eliminate the gap automatically (c)-(d).
Suppose there are m boundary vertices selected. We first obtain
the differential coordinates δi [Sor05] of the vertices vi . Then we
update the position of the selected boundary vertices and solve the
sparse linear system below:




δ
L
0
V=
,
(3)
O, I
v
where L is the topological Laplacian matrix of the mesh, O is a zero
0
matrix, I ∈ Rm×m is the unit matrix, and v is the new coordinates
of the selected boundary vertices. Finally, we update the patch vertices by the solved V ∈ Rn×3 matrix and eliminate the gap between
the two patches.
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5.2. Comparisons

(a)

(b)

(c)

(d)

Figure 6: Multi-view surface modeling. (a) A duck modeled from
our single view modeling framework. (b) Adjust the view to create a
new drawing plane to draw duck wing and then select the boundary
vertices of the duck’s wing to draw align curve (labeled in orange)
on the duck’s body. (c) After drawing align curve, the duck wings
are tightly attached to the duck body. (d) Completed duck model.

5. Results and Discussions
5.1. Experimental Results
We illustrate more free-form 3D surface models created by our system in Fig. 7, Fig. 8 and Fig. 10. These results demonstrate that our
approach is simple yet powerful, and only a small number of stroke
inputs can produce interesting models.
Rather than inflating local regions, we present a uniform framework to make the whole surface be the solution of a Poisson’s equation. Our method can create models with high genus (Fig. 7 (a), (b),
(c), (f) and (k)). We advance the use of Poisson’s equation to generate 3D surface with different levels of details (Fig. 7 (c), (d), (g), (i),
(k), (l) and (o)). These geometric details that are useful in 3D modeling are difficult to create with other existing sketch-based modeling tools. Besides, our system provides users with tools such as
surface symmetry, sketch reuse, common view one-click switching,
and auxiliary semi-transparent drawing boards to assist the user. In
our experiments, an inexperienced user can skillfully use our sketch
modeling system after several drawing attempts.
examples
gecko (Fig. 10 (b))
leaf (Fig.7 (m))
butterfly (Fig.5)
cat mask (Fig.7 (c))
Baymax (Fig.7 (e))
bag (Fig.7 (k))
butterfly (Fig.7 (a))

vertices/faces
5416/9413
10291/19314
14371/27467
10682/20388
6443/12185
6723/12787
2213/4101

strokes (types)
16 (5)
16 (3)
14 (3)
16 (3)
10 (2)
12 (4)
20 (1)

meshing
58
94
75
85
60
70
19

height field
83
288
371
356
110
116
42

total
663
1887
1623
1375
622
869
42

Table 1: Running time statistics, in milliseconds. Where vertices/faces represent the number of vertices/faces of the model,
strokes indicate the number of primitives in the sketch, and the
types represent the number of primitive types used in the modeling.
Meshing represents the time of triangulation, height field represents
the time to construct the base surface, and the total is the sum of
all time for 2D triangulation, height field calculation, height field
modification and decorative geometry details, in ms.

Performance. We validate our system on a PC with a 4 cores,
3.6GHz CPU. The running time of a typical sketch (Fig. 1) with 25
strokes and 9.2k faces takes about 82ms for 2D triangulation and
221ms to solve the Poisson’s equation. And table 1 lists the time
overhead of constructing different models by our system.

Bendsketch [LPL∗ 17] defines a wide variety of curves types (see
Fig. 8 (d) (e)), which are labeled in different colors. These complex
stroke definitions increase the difficulty of user’s using while it still
cannot eliminate the bas-relief ambiguity. In contrast, we only provide four kinds of primitives with simple purposes and we use the
sign of the parameter to eliminate the bas-relief ambiguity conveniently. As shown in the Fig 8, when constructing similar models,
the type and number of 2D strokes that our system need are significantly less than these of [LPL∗ 17]. What’s more, [LPL∗ 17]
obtains the surface by solving an nonlinear optimization function.
Therefore, it is obviously much more efficient to get the smooth
surface by discretely solving the Poisson’s equation on the mesh.
Subsequently, Li et al. [LPL∗ 18] proposed a CNN network for
the free-form surface modeling. Due to the data-driven approach,
their predicted normal vectors of the CNN output contain noise, so
it is necessary to extract the finial surface by Screened Poisson Reconstruction [KH13]. Considering that the Poisson surface reconstruction can only create watertight surfaces, these reconstructed
surfaces cannot keep the high genus. Fig.9 (a) shows a failure case
for [LPL∗ 18]. (b) In contrast, the height field we calculated in
the complex connected region can construct a smooth surface with
holes directly. And ambiguity is a pervasive issue in data-driven
and machine learning tasks. Therefore, their method is difficult to
achieve precise control of geometric details.

6. Conclusion
In this article, we had proposed to employ the Poisson’s equation
to construct a height field representing the C1 continuous smooth
surface, and then we used two kinds of primitives: hard bump region and line feature curve to solve the geometrical decoration challenge. Finally, we made use of a multi-view modeling framework to
construct more complex models and solve the self-occlusion problem of 3D models. We had verified the efficiency of the system
through various experiments and comparisons. Compared with existing methods, our system could create freeform surfaces with rich
geometric details and arbitrary typologies from simple and intuitive
sketches.
Limitations and future work. The base patch created by our
system must be a reflection of the height field. Even if we introduce
the multi-view framework to solve the self-occlusion problem, creating models with more complex topology such as the torus knot,
the braid structure object etc. is still a challenge for us. Those kind
of more complex occlusion problems may be solved by adding hierarchical information to the stroke primitive, which we leave for
future work. Our system performs well when creating smooth surface models with rich geometric details. However, we do not recommend that users use our system to create a complex structural
model with a large number of planes, such as buildings or furniture.
Because in our multi-view framework, the user needs to adjust the
drawing panel manually and creating such models requires a series
of complex camera operations.
c 2019 The Author(s)
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Figure 7: 3D models and their sketch inputs. The first six models ((a)-(f)) are generated by single-view modeling and the rest models are
created by the multi-view modeling approach. Our four primitives: boundary curve, soft bump region, hard bump region and line feature
curve are marked in the sketches in red, black, blue, and green, respectively.
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