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Figure 1: Our Blender add-on allows users to draw concept sketches with Grease Pencil (left) and to lift these sketches to 3D using a

symmetry-based optimization (right).

Abstract

We present a Blender add-on that bridges the Grease Pencil drawing interface with a symmetry-driven 3D reconstruction
algorithm for concept sketches. On the one hand, Blender’s Grease Pencil offers users a convenient interface to draw 2D concept
sketches using vector strokes, drawn freehand or using vector primitives (straight lines, Bézier curves). On the other hand, the
reconstruction algorithm of Hdihnlein et al. [HGSB22] can lift such 2D sketches to 3D using symmetry correspondences. While
this reconstruction algorithm was originally developed to be automatic, we show how it can be adapted to allow step-by-step
reconstruction of a sketch as it is drawn, and to support user corrections. Finally, we compare the reconstructions obtained
with this add-on to the ones produced by a recent generative model trained to produce a 3D shape from a single image.

CCS Concepts

* Computing methodologies — Shape modeling; * Applied computing — Computer-aided design;

1. Introduction

Industrial designers make extensive use of freehand sketching to
illustrate the products they have in mind, which has motivated
the development of sketch-based interfaces for 3D concept model-
ing [BBS08, DXS*07]. Some of these ideas made their way into
industrial 3D modeling software, such as Dassault Catia Natu-
ral Sketch [Dasl11], UMake [UMa23], and Blender’s Grease Pen-
cil [Ble23]. But because strokes that are drawn in 2D could lie any-
where in depth, these interfaces rely on users to disambiguate depth
by placing sketching planes in 3D, which requires alternating be-
tween 2D sketching and 3D modeling. Alternatively, researchers
have proposed optimization-based approaches to automate 3D re-
construction from 2D sketches. While early methods require clean
drawings with known topology as input [LCLT08,XCS* 14], recent
algorithms jointly solve for the 3D position and connectivity of the
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strokes [GHL*20, HGSB22]. However, these algorithms do not of-
fer ways for users to correct their results.

We propose to bridge these two families of methods by connect-
ing the recent symmetry-driven reconstruction algorithm of Hiahn-
lein et al. [HGSB22] with the drawing interface of Blender’s Grease
Pencil [Ble23]. Our Blender add-on allows users to draw a per-
spective sketch over a single sketching plane, and the strokes they
draw get automatically lifted to 3D by the reconstruction algorithm.
Users can then use the Blender interface to inspect the result in
3D. In the eventuality where the automatic result is not satisfac-
tory, users can guide the algorithm towards alternative solutions by
selecting stroke intersections in the drawing and impose that they
form 3D intersections in the result. While the algorithm was origi-
nally developed to process complete drawings, connecting it with a
drawing interface allows an iterative workflow where users can pro-
gressively construct their drawings and visualize intermediate 3D
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reconstructions before moving on to draw more details. We would
be happy to demonstrate our add-on at the Expressive conference.

In addition to showcasing our add-on on a gallery of results, we
compare it with a recent image-to-3D generative model [XLX*24].
While the generative model succeeds in creating plausible 3D
shapes, including of parts not seen in the drawing, it sometimes
modifies or omits input strokes — contrasting with the optimization-
based algorithm that guarantees strict fidelity to the input.

2. 3D Concept Sketching in Blender

We first provide a brief summary of the 3D reconstruction al-
gorithm we build upon, before explaining how we connect it to
Blender’s interface for drawing and interactive correction.

2.1. Overview of the 3D reconstruction algorithm

The algorithm of Héhnlein et al. [HGSB22] lifts 2D concept
sketches to 3D by identifying symmetry correspondences between
the pen strokes. During preprocessing, the drawing is analysed to
identify, for each stroke, the other strokes it might intersect, as well
as the strokes with which it could form a reflective symmetry. Each
candidate pair of symmetric strokes is then lifted to 3D such that
the symmetry is satisfied. Since a given stroke often has several
symmetry candidates, this preprocessing produces multiple 3D in-
terpretations for each stroke. The core of the algorithm then con-
sists in an integer programming formulation that selects, for each
stroke, the candidate interpretation that yields the most symmetric
and well-connected 3D sketch.

2.2. Connecting Blender with the reconstruction algorithm

The reconstruction code distributed by Hahnlein et al. [HGSB22]
has several dependencies that would make a direct Blender add-
on reimplementation overly complex. Instead, we use WebSocket
communication to treat Blender as a client that connects to a server
that hosts the reconstruction code [Yu24]. In practice, our add-on
reads the Grease Pencil stroke data and sends it to the server, which
runs the reconstruction algorithm and sends 3D strokes in return.

The original reconstruction algorithm estimates the perspective
camera needed for 3D lifting by detecting vanishing points in the
drawing. While this approach is necessary when processing exist-
ing drawings, in our context we can directly obtain the camera in-
formation from Blender and transmit it to the reconstruction algo-
rithm. In addition, we display a grid in Blender to help users draw
under the same perspective. Together, these features improve the
accuracy of the input data, and in turn the 3D reconstruction.

2.3. Incremental drawing

The original algorithm by Héhnlein et al. [HGSB22] scales to
complex drawings by decomposing them into so called symmetric
building blocks — groups of consecutive strokes that exhibit high
symmetry. While the authors proposed an automatic algorithm to
perform this decomposition, in our interactive setting we let the
user decide when a block is complete. Figure 2 illustrates a typical
3D sketch that is draw one block at a time. In addition to breaking
the reconstruction into smaller, faster to solve problems, this pro-
gressive workflow allows users to frequently check the quality of
the reconstruction and freeze it before adding new strokes.

2.4. User corrections

The automatic reconstruction algorithm might suffer from two
types of failure: it might fail to detect symmetry, or it might fail
to place a stroke where it should be.

The first type typically occurs when symmetric strokes are drawn
inacurately, preventing them to be considered as candidates, or
yielding 3D strokes that do not connect with other strokes. We al-
low users to diagnose these cases by selecting problematic strokes
and verifying their detected symmetry. If the intended symmetry
is not detected, users can redraw or adjust the pair of strokes to
achieve higher accuracy.

The second type of failure can occur when a stroke has multiple
geometrically-valid 3D interpretations, and the algorithm does not
select the interpretation that is intended. Figure 3 illustrates a typi-
cal ambiguous case where the green stroke has two valid solutions
depending on which symmetry relationship is selected with respect
to the red stroke. We allow users to treat such ambiguity by man-
ually selecting 3D intersections that should be enforced, as shown
in Figure 3. In practice, we express this correction as an additional
constraint in the integer program, so that only the candidates that
satisfy this constraint can be selected. Note however that the opti-
mization might not satisfy the user selection if no candidate exists
with the desired connectivity.

3. Results and Comparisons

Figure 4 presents several 3D sketches produced with our add-on.
Most of them were obtained without any user correction, except
the Car for which we selected one intersection to force the wheel
to be placed on the back side. The reconstruction algorithm is most
effective for straight strokes, while it sometimes misplaces curved
strokes and ellipses (eg., Mouse in Figure 4 and example below).

Input 3D Reconstruction

We also provide a comparison with 3D reconstructions produced
by TRELLIS [XLX*24], a state-of-the-art generative model de-
signed for single-image 3D reconstruction. Since TRELLIS applies
masks to extract the object of interest, we found that using a dark
background with white strokes improves its results for sketch in-
puts. Interestingly, while TRELLIS was originally developed to
produce 3D surface meshes, in our experiment it produces wire-
frame meshes when fed with sparse, see-through line drawings.
This experiment reveals that TRELLIS produces convincing 3D
shapes for recognizable objects (Car, Truck), but fails on more ab-
stract drawings (Mouse, Chamfer). Also, as a data-driven approach,
TRELLIS hallucinates missing details, like the four wheels of the
truck. But it sometimes deviates significantly from the design in-
tent, like for the car where it outputs two wheels at the front. In
contrast, the symmetry-based approach enforces stricter adherence
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Figure 2: Incremental block-based reconstruction process. The top row shows the 2D sketch progression, where each step introduces a new
block while preserving previously established structures. The bottom row presents the corresponding 3D reconstructions, rotated for clarity.
By adopting a scaffolding approach, the algorithm ensures stable and accurate reconstruction of complex shapes.
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Figure 3: User-guided intersection constraints for resolving ambiguity. (a) Ambiguity arises when multiple symmetries exist in a 2D
sketch: red/green strokes can be symmetric to the green plane (placing green on the back) or the orange plane (keeping both on the front).
(b) The interface lets users visualize detected/extended intersection points on strokes and select critical ones (orange circle). (¢c) Comparing
reconstructions: default output (left) vs. intersection-imposed result (right).

to the input, preserving the intended design while ensuring consis-
tency across mirrored elements. Nevertheless, TRELLIS achieves
impressive results on more realistic, shaded drawings that cannot
be treated by the optimization algorithm, as shown in Figure 5.

4. Conclusion

We present an interactive interface that enhances a symmetry-based
3D reconstruction algorithm for 2D sketches through incremen-
tal creation, symmetry verification, and imposing intersection con-
straints. Comparison with the TRELLIS generative model sug-
gests two different applications of these technologies: the gener-
ative model seems better suited for creative exploration, while the
optimization-based approach offers higher precision.
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Figure 4: Comparison of TRELLIS and symmetry-based 3D reconstruction on perspective line drawings. The 2D sketch inputs (white
background) are reconstructed using the symmetry-based method (blue background) and TRELLIS (green background). We highlight the
user correction on the Car with a green dot. While TRELLIS performs well on structured designs (Truck), it struggles with abstract shapes
(Chamfer, Mouse), producing incorrect geometries. For Car, Camera and Rounding, its inferred structures deviate slightly from the input. In
contrast, the symmetry-based approach strictly follows the original strokes.

Figure 5: TRELLIS reconstructions of concept sketches. TRELLIS achieves high-quality results on more realistic shaded drawings (Mixer,
Box, Flange and Tubes from OpenSketch [GSH* 19], vacuum cleaner from [GHL*20]). However, this generative model sometimes deviates
from the input, as for Flange where it produces more bolts than intended.



