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Abstract
We describe a new system for the interactive enhancement of 2D art with 3D geometry. Repoussé creates a 3D
shape by inflating the surface that interpolates the input curves. By using the mean curvature stored at boundary
vertices as a degree of freedom, we are able to control the inflated surface intuitively and efficiently using a single
linear system. Repoussé handles both smooth and sharp position constraints. Position constraint vertices can also
have curvature constraints for controlling the inflation of the local surface. We show the applications of our system
in font design, stroke design, photo enhancement and freeform 3D shape design.

Categories and Subject Descriptors (according to ACM CCS): I.3.3 [Computer Graphics]: Line and Curve Genera-
tion I.3.5 [Computer Graphics]: Computational Geometry and Object Modeling

1. Introduction

Sketch based interfaces are becoming popular as a method
for quick 3D shape modeling. With an ever-increasing set
of modeling features, the powerful 3D sketching inter-
face can construct shapes that range from rectilinear, in-
dustrial objects ( [ZHH96] ) to smooth, organic shapes
( [IMT99], [KH06], [NISA07] ). Usually, the application of
these shape sketching interfaces is 3D shape design, but such
interfaces can also be helpful for adding shadows to 2D im-
ages [PFWF00]. The 2D curves drawn by the user are simply
a means to get to the end result: the 3D shape. Instead of us-
ing the 2D curves to design 3D shapes, we use the resulting
interpolating 3D shapes to enhance the existing 2D curves.
That is, we apply the shape sketching interface to another,
highly interesting application: 2D art creation and design.

Contribution: By using the ‘inflate’ metaphor common in
shape sketching interfaces, we construct a 3D surface that
interpolates a closed input curve. We allow designers to
modify the inflated surface with popular 3D shape modeling
features such as sharp creases, smooth interpolation curves
and local mean curvature control. Our system demonstrates
that sophisticated geometric modeling techniques otherwise
found in 3D shape modeling tools can effectively be used via
a simple user interface to design interesting-looking images.

Figure 1: Boundary curve inflation using Repoussé.

1.1. Technical Overview

In our system, we construct the 2-manifold surface that in-
terpolates the input boundary curves. The surface is com-
puted as a solution of a variational problem. We formulate
the system so as to solve for the final surface in a single,
sparse linear equation, without requiring an additional strip
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Figure 8: Freeform 3D shape design: given the outline of a cartoon face (A), we inflate the interior and then add two smooth
position constraints near the eyebrows (B). One of the eyebrows is pulled up and the other is pulled down (C). Then we add a
sharp position and curvature constraint near the mouth (D) and inflate the nearby surface by increasing the mean curvature
(E). Finally, we add a smooth position constraint near the bridge of the nose (F) to get the final surface (G). We can also add
the gravity option (Sec. 2.2.3) for this 3D shape to create a droopy effect (H).

and modify curve constraints directly on the model using the
mouse and a collection of hotkeys. The surface is interac-
tively updated by our system proving continuous feedback.
As future work we plan on streamlining our user interface
toward specific applications making our system even more
intuitive to the novice user.

A big advantage of solving for the inflated surface using
a triangle mesh (as opposed to a regular grid) is efficiency
due to mesh adaptivity: the mesh has high detail only near
complicated constraints and is coarse where there are not
many constraints. However, currently, the mesh connectiv-
ity is not updated as the surface is inflated. Ideally, the mesh
should dynamically get denser in parts of the inflated shape
that have high curvature. Adding such adaptivity will im-
prove the system even further, making it more efficient and
smoother in terms of rendering.

4.1. Conclusions

Our system demonstrates that faster computers, better linear
system formulations and improvements in sketching inter-
faces have now made it feasible to construct a full 3D surface
in order to create an appealing 2D image. Our hope is that
3D geometric modeling tools like Repoussé can be used by
2D artists to improve and influence their existing artwork.
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