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Motivation

2D curves with crossing points are common in ornamentation and
design. These curves and their 3D counterparts are widely used In
engineering and artistic applications. Twisting a 3D curve can
guide textures around it as a tube or direct objects along it as a
path. Conventional spline tools make it difficult to achieve specific
crossings or twistings, since users must frequently change the
camera view and drag control points.

2D Curve Analysis \ L
From 2D hand-drawn curves composed of cubic Bézier splines, we extract key <
feature points and identify inflection points, changes in winding direction, extreme
curvature points, cusps (sharp corners) and intersection points.

3D Curve Reconstruction

We construct 3D curves with interpolating B-splinesl!'! that pass through the feature
points captured in the input 2D curves. For each curve, users can also specify
height ¢ from selected point z; € Z. We also collect crossings and label them with

over O, under U, or fixed-distance D. From the height and crossing constraint, we
generate smooth 3D curves with a Laplacian term [SCOLx*04] and solve
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We first compute the Laplacian term with »; as neighbor feature points, w;; as
distance in 2D, and W;; = )¢5, w;j and solve above equation using quadratic

programming and then interpolate the 3D points. For the twisting, we apply linear
transformation between the twist points.
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Recently, VR tools such as Google’s Tilt Brush allow users to draw
3D curves directly in a virtual environment. However, these tools
require additional equipment and make twisting a 3D curve difficult.

OVERVIEW

Our framework transforms 2D hand-drawn sketches into 3D
decorative curves. Starting from a 2D drawing, users can easily
customize the behavior of crossing points and twisting. The 3D
curve is then generated, allowing the user to modify its height and
further decorate it. Our framework also can demonstrate elastic

wire art via physics-based simulation.
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2D drawings and supports physics-based animations. For the
computational performance, 3D curve construction averages
0.13 seconds for 20 curves with total 1,068 points. We
conduct a user study to evaluate the efficiency of 3D curve
development with crossings and twistings. We invited 10
participants and asked them to create 3D curves in both
Blender and our system. A design is considered valid if its
Frechet distance to target curves is at most 0.5. On average,
the participants spend 18 and 10 minutes on Blender and our
system, respectively. We also ask the participants to rate our
two-strand diagram and curve editing on a 1 to 5 scale. The
clarity of crossings and twistings in our two-strand diagrams
received scores of 4.2 and 4.3, respectively, while the ease of

editing crossings and twistings received scores of 4.2 and
3.9.
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