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Abstract

Designing 3D curves with specified crossings and twistings often requires tedious view adjustments. We present a 3D curve
development from 2D drawing with controlled crossings and twistings. We introduce a two-strand 2D diagram that lets users
sketch with explicit crossing and twisting assignments. The system extracts feature points from the 2D diagram and uses them
as 3D control points. It assigns the heights and over/under relationships of the control points via an optimization and then
generates twisted 3D curves using B-splines. An interactive interface links the 2D diagram to the evolving 3D curves, en-
abling real-time iteration. We validate our method on diverse sketches, compare it with traditional 3D curve construction, and
demonstrate its utility for elastic wire art via physics-based animation.
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1. Introduction

2D curves with crossing points are common in ornamentation and
design. They and their 3D counterparts are widely used in engi-
neering and artistic applications. Twisting a 3D curve can guide
textures around it as a tube or direct objects along it as a path. Con-
ventional spline tools make it difficult to achieve specific crossings
or twistings, since users must frequently change the camera view
and drag control points. Recently, VR tools such as Google’s Tilt
Brush allow users to draw 3D curves directly in a virtual environ-
ment. However, these tools require additional equipment and make
twisting a 3D curve difficult.

To address this, we propose a 3D curve development that auto-
matically generates 3D shapes from 2D drawings. Users can freely
sketch 2D curves on their screens and manipulate their crossings
and twistings easily on our two-strand diagram representation. We
then extract feature points such as crossing points, twisting points,
curvature extrema. From these points, we construct 3D candidate
curves that pass over or under one another by solving an optimiza-
tion problem constrained by the desired crossing locations. Finally,
we assign a local frame at each point by integrating user-specified
twisting angles.

We provide an interactive interface that lets users draw curves
and edit crossings and twists directly in 2D while viewing the re-
sulting 3D form in real time. We demonstrate our system on vari-
ous artistic curves (Figure 1(a)) and on physics-based animations of
elastic wires (Figure 1(b)). We also conduct a user study to validate
the efficiency of our method.
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2. Methodology

Given a 2D hand drawing, our system first converts the sketch-
ing to a set of cubic Bézier curves with interpolating cubic B-
spline [Kno99] (Figure 2 (b)). It then represents the splines with
the features as a two-strand diagram for users to design the cross-
ing and twisting along the curves (Figure 2 (c)). For instance, users
can decide curve segments over or under others and twist the curve
in different directions. In the generation stage, our system extracts
the feature points on the 2D curves and samples 3D points on those
feature points (Figure 2 (d)). Our system then constructs the 3D
curves by arranging the crossing points with the desired crossing
as highlighted in the zoom-in box of Figure 2 (e), and integrating
the twisting angles from the diagram as illustrated by the arrows.

2.1. 2D Curve Analysis

To better construct 3D curves, we analyze the 2D curves made
of cubic Bézier curves and extract the feature points as the con-
trol points of the 3D curves. We compute the inflections where the
winding direction of the spline changes and cusps where there is a
sharp corner on the spline with the canonical form [SD89]. We also
extract the extreme curvature points and intersection points (the
crossing points) on the curves. Next, we construct the 3D curves
with the feature points.

2.2. 3D Curve Construction

We construct 3D curves with interpolating B-splines [Kno99] that
pass through the feature points captured in the input 2D curves. For
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Figure 1: We (a) show the decorated curves with textures or surrounding line patterns designed by our 3D curve development, and (b)

demonstrate a physically-based animation driven by the 2D diagrams.
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Figure 2: This figure illustrates the pipeline of developing a 3D
curve from 2D drawings.

the crossings, we determine the heights of the feature points, z, via
an optimization. For each curve, users specify a target curve height
€ and may fix selected points z; € Z to prescribed heights 7;. We
collect crossing-point pairs from the 2D diagram, (z;,z;), and label
them as over O, under U, or distance-fixed D. Users can also set the
separation distance d; ;. To obtain smooth 3D curves, we introduce
a Laplacian term [SCOL*04] and solve the following problem:

2
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st. zi—zj>d;; for (z;,zj) € O, (1)
zi—2j < —d;j for (z;,zj) € U,
lzi —zj| =dij for (z;,zj) €D,
Zi=7i for z; € Z.

We set A = 3 and compute the Laplacian term using the connected
neighbors N; of each feature point with w;; as their distance in the
2D curve and W; =} ;e a7 wij. We solve the equation by turning it
into a least squares problem with a linear constraint and using the
quadratic programming to obtain the results. Finally, we interpolate
the 3D points with interpolating B-splines.

For the twistings, we apply the linear interpolation between the
twist points. The two-strand diagram lets us estimate the desired
twisting by counting strand crossings. Users mark clockwise (4)
or counter-clockwise (—) twist points on the two-strand diagram;
between identical signs we impose a T rotation, whereas opposite
signs impose two opposing 7/2 rotations, preventing extra twists
except one additional point on odd-twist loops. The local frames
of the 3D curves are then built by extending the Frenet frames of

the input 2D curves to 3D, rotating normals to follow new tangents,
then applying the integrated twist angle.

3. Results and Evaluation

Our system enables decoration of 3D curves generated from 2D
drawings and supports physics-based animations. For the compu-
tational performance, 3D curve construction average 0.13 seconds
from 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 invite 10 participants and ask them to create 3D
curves in both Blender and our system. A design is considered valid
if its Fréchet 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 di-
agram 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.

4. Conclusions

We present a 3D curve development from 2D drawing with con-
trolled crossings and twists. Users begin by freely sketching 2D
curves easily; our system then automatically lifts them into 3D
space, resolving crossing points via an optimization. Our approach
handles a wide variety of input shapes and supports the design
of elastic wires. Beyond curve design, we envision several exten-
sions. For instance, by sweeping or lofting along these optimized
3D paths, one can generate developable surfaces for wire-art fabri-
cation.
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