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Figure 1: Given one or several sketch-image pairs as training data, our CustomSketching can learn a novel sketch concept into a text token
[v] and specific sketches. We decompose a sketch into shape lines (blue strokes) and detail lines (red strokes) to reduce the ambiguity in a
sketch. Users may input a text prompt and a dual-sketch to re-create or edit the concept at a fine-grained level.

Abstract
Personalization techniques for large text-to-image (T2I) models allow users to incorporate new concepts from reference images.
However, existing methods primarily rely on textual descriptions, leading to limited control over customized images and failing
to support fine-grained and local editing (e.g., shape, pose, and details). In this paper, we identify sketches as an intuitive
and versatile representation that can facilitate such control, e.g., contour lines capturing shape information and flow lines
representing texture. This motivates us to explore a novel task of sketch concept extraction: given one or more sketch-image
pairs, we aim to extract a special sketch concept that bridges the correspondence between the images and sketches, thus enabling
sketch-based image synthesis and editing at a fine-grained level. To accomplish this, we introduce CustomSketching, a two-stage
framework for extracting novel sketch concepts via few-shot learning. Considering that an object can often be depicted by a
contour for general shapes and additional strokes for internal details, we introduce a dual-sketch representation to reduce the
inherent ambiguity in sketch depiction. We employ a shape loss and a regularization loss to balance fidelity and editability
during optimization. Through extensive experiments, a user study, and several applications, we show our method is effective
and superior to the adapted baselines.
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1. Introduction

The recent advent of large text-to-image (T2I) models [SCS∗22,
RPG∗21,RBL∗22] has opened up new avenues for image synthesis
given text prompts. Based on such models, personalization tech-
niques like [GAA∗22, RLJ∗23, KZZ∗23] have been proposed to
learn novel concepts on unseen reference images by fine-tuning the
pre-trained models. Users can employ text prompts to create novel
images containing the learned concepts in diverse contexts by lever-
aging the significant semantic priors of these powerful generative
models.

However, the existing personalization methods fail to accurately
capture the spatial features of target objects in terms of their ge-
ometry and appearance. This limitation arises due to their heavy
reliance on textual descriptions during the image generation pro-
cess. While some following works like [AAF∗23, CHL∗23b] have
attempted to address this issue by incorporating explicit masks or
additional spatial image features, they are still limited to providing
precise controls and local editing on fine-grained object attributes
(e.g., shape, pose, details) for the target concept solely through text.

To achieve fine-grained controls, sketches can serve as an in-
tuitive and versatile handle for providing explicit guidance. T2I-
Adapter [MWX∗23] and ControlNet [ZRA23] have enabled the
T2I models to be conditioned on sketches by incorporating an ad-
ditional encoder network for sketch-based image generation. Such
conditional methods perform well when an input sketch depicts the
general contour of an object (e.g., the blue strokes in Figure 2 (b)).
However, we observed they struggle to interpret and differentiate
other types of sketches corresponding to specific local features in
realistic images. As illustrated in Figure 2, these methods fail to
correctly interpret detail lines for clothing folds and flow lines for
hair texture (the red strokes in (b)). The primary reason behind
the issue is that the sketch dataset used to train the conditional
networks [MWX∗23, ZRA23] is inherently ambiguous since it is
generated automatically through edge detection on photo-realistic
images. Consequently, directly incorporating a pre-trained sketch
encoder with personalization techniques proves challenging when
attempting to customize a novel concept guided by sketches.

Based on the aforementioned observation, we propose a novel
task of sketch concept extraction for image synthesis and editing to
tackle the issue of sketch ambiguity. The key idea is to empower
users to define personalized sketches corresponding to specific lo-
cal features in photo-realistic images, i.e., novel sketch-to-image
mappings unseen by the pre-trained models. Users can sketch their
desired concepts by first tracing upon one or more reference images
and then manipulating the learned concepts by sketching, as shown
in Figure 1.

To achieve sketch-based editability and identity preservation,
we propose a novel personalization pipeline called CustomSketch-
ing for extracting sketch concepts. Note that this pipeline is a
generic and few-shot method learned on one or several user-
provided sketch-image pairs. It is built upon a pretrained T2I model
and incorporates additional encoders to extract features from the
sketch input. Since a single image may exhibit diverse local fea-
tures corresponding to different types of sketches, we employ a
dual-sketch representation via two sketch encoders to decouple
shape and detail depiction. Our pipeline consists of two stages:

(a) Reference
& Prompt (b) Sketch (c) T2I-Adapter (d) ControlNet (e) Ours

"a photo of a
clothes with folds"

"a photo of a
woman with hair"

Figure 2: Given a text prompt (a-bottom) and a sketch (b) depict-
ing specific semantics (e.g., clothing folds and hair), T2I-adapter
(c) and ControlNet (d) could not correctly interpret the out-of-
domain sketch types, while our method can extract such a novel
sketch concept and reconstruct the reference image (a-top). Note
that the reference image is not used by T2I-adapter and Control-
Net, which are a pre-trained model to sample new content but not
to manipulate a given reference image, and their results are for ref-
erence only.

in Stage I, we optimize a textual token for global semantics but
freeze the weights of the sketch encoders. This stage is important
to provide stable semantic priors to avoid overfitting on the lim-
ited (1-6) training samples and enable high sketch-editability for
generic categories. In Stage II, we jointly fine-tune the weights of
the sketch encoders and the learned token to reconstruct the refer-
ence images in terms of local appearance and geometry. To prevent
overfitting, we perform data augmentation and introduce a shape
loss for sketch-guided shape constraint and a regularization loss
for textual prior preservation.

To the best of our knowledge, our method is the first work to ex-
tract sketch concepts using large T2I models, thus providing users
with enhanced creative capabilities for editing real images. To eval-
uate our method, we collect a new dataset including sketch-image
pairs and the edited sketches, where each sketch comprises a dual
representation. Through qualitative and quantitative experiments,
we demonstrate the superiority and effectiveness of CustomSketch-
ing, compared to the adapted baselines. Given the absence of a
definitive metric to measure the performance of image editing, we
conduct a user study to gather user insights and feedback. Addi-
tionally, we showcase several applications enabled by our work.

The contributions of our work can be summarized as follows. 1)
We propose the novel task of sketch concept extraction. 2) We in-
troduce a novel framework that enables a large T2I model to extract
and manipulate a sketch concept via sketching, thereby improving
its editability and controllability. 3) We create a new dataset for
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