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Figure 1: Single-line drawings, where lifting the pen from the paper is not allowed, lead to minimalist creations, often exhibiting surprising
and expressive abstractions. Our method generates single-line drawings in vector format based on text and/or image input. From left to right:
Input image and prompt, the single-line drawing at various stages of the optimization, the final result (the parameterization of the curve is
represented by a color gradient) and an example of embroidery fabrication created from the generated single-line drawing.

Abstract

Line drawings are a highly expressive art form that requires the artist to abstract and distill the essence of their subject. We
present the first semantics-driven method for automatically generating single-line drawings in vector format, guided either by a
text prompt describing the concept or an input image depicting it. Our approach leverages score distillation sampling to optimize
the parameters of a uniform rational B-spline (URBS) curve, ensuring that the drawing consists of a single continuous stroke by
design. This representation provides fine-grained control over the level of detail, while additional loss terms allow us to steer the
final artistic style. We demonstrate that our method outperforms state-of-the-art text-to-image models and optimization pipelines
for this task, producing results that are both more aesthetically pleasing and more faithful to the style of continuous line drawing
artists. Furthermore, because our method generates a vectorized curve, it directly supports downstream fabrication processes such
as embroidery, laser engraving and wire bending. Our code and results are available at https://github.com/tanguymagne/SLDgen.
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1. Introduction

Line drawings are a fundamental form of artistic expression. They
allow artists to capture the essence of a subject through a small
set of strokes, abstracting away details while retaining semantic
meaning and aesthetic quality. As such, they are widely used both
as preparatory sketches and as finished artworks in their own right.
Single-line drawings are a distinctive form of line art in which an
entire object or scene is represented with a single continuous stroke,
like drawing an image without lifting the pen from the paper. This
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minimalist style, famously explored by Picasso (see Fig. 2), requires
both abstraction and aesthetic sensitivity: a single curve must simul-
taneously convey structural correctness, semantic interpretability
and artistic expressiveness.

With the recent advances in large pretrained vision—language
models, several algorithmic approaches have been proposed that can
generate stylized line drawings. Using text-to-image models with
the prompt “a single line drawing of...” already yields results that
look like single-line drawings. However, these images are not single-
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Figure 2: Top: examples of single-line drawings from Picasso (left)

and Felix Hornung (right). Bottom: examples of single-line drawings
generated by our method.

line drawings: every image we generated with the latest models
contains multiple strokes. Adding more guidelines to the prompt
(e.g., “continuous line”) or more data does not yield a single-line: we
finetuned Stable Diffusion 3.5 using LoRA [HysW 22] on a dataset
of single lines and still obtained multiple strokes (see Sec. 3.4).
This is due to the limitations of diffusion models operating in pixel
space. Enforcing a constraint as rigid as continuity within a single
stroke is fundamentally difficult because their sampling process is
stochastic and conditioning-oriented, but not constraint-preserving.
As we show in our applications, this flaw is a deal-breaker; this is not
just a semantic matter, but has practical consequences. A seemingly
straightforward strategy for producing single-line drawings would
be to first use a pretrained text-to-image model to synthesize a raster
image in the desired style, vectorize it and connect the obtained
curves by solving a traveling salesperson problem on a graph where
each node represents one of the curves. In practice, however, this
pipeline rarely succeeds (see Fig. 3). The reason is that single-
line drawings are not collections of connected curves, but a single
continuous curve where every part of the line matters and should be
carefully drawn.

Existing sketch-based generation methods are designed to cre-
ate drawing containing multiple strokes. The most advanced ones
such as ControlSketch [AFCO 25] are based on score distillation
sampling (SDS) [PJBM23] to combine the generation quality of dif-
fusion models with the controllability of classic parameterizations.
However using ControlSketch for single-line drawing generation by
simply parameterizing the image as a single Bézier curve (Fig. 4,
Middle right) or connecting multiple Bézier curves after they were
generated (Fig. 4, left and middle left) does not yield the desired

Figure 3: Left: Gemini generates drawings with multiple curves
(highlighted by red circles) in raster format. Middle: Vectorizing the
raster output with Adobe Illustrator produces many curves (illus-
trated with different colors). Right: Connecting these curves gives a
messy single-line drawing, with unnecessary strokes.

Figure 4: Left: ControlSketch [AFCO 25] generates drawings with
multiple curves. Middle left: Connecting these curves gives a messy
single-line drawing, full of overdrawn and unnecessary strokes.
Middle right: Directly generating single-line drawing with Control-
Sketch produces poor results. Right: Our result.

style. The single Bézier curve does not fit single-line drawings well
and connecting multiple Bézier strokes simply looks like a regular
sketch, not a single-line drawing which is characterized by sparse
use of smooth, simple curves.

In this work, we propose the first semantics-driven method for
generating vector drawings that are, by construction, single-line
drawings. Our approach builds on SDS [PJBM23], which transfers
the guidance from large pretrained diffusion models to specialized,
structured representations. Rather than optimizing pixels in a raster
image, we directly optimize the parameters of a single uniform
rational B-spline (URBS) curve, guaranteeing by construction that
the result is one continuous stroke. This representation is particularly
well suited to our task: cubic B-splines provide smooth curves, each
control point influences only a local region of the curve, and rational
weights allow adjusting their importance during optimization. By
optimizing both control point positions and weights, the curve can
automatically adapt its level of detail while remaining compact. To
integrate SDS in this setting, we rely on differentiable rasterization.
The curve is sampled and rasterized using DiffVG [LLGRK20], a
differential rasterizer, which allows the gradients of the diffusion
model to update the curve parameters. To favor the emergence of
single-line drawing characteristics during optimization, we adapt the
diffusion model with a LoRA model [HysW 22] trained on a small
set of single-line drawings. However, the resulting single-line images
do not yet conform to the desired artistic properties. Therefore, we
complement the SDS loss with additional regularizers that encourage
the clean style characteristic of single-line drawings and prevent
unnecessary details and redundant control points, resulting in a
simpler curve where possible. Together, these regularizers help
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