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Abstract
Diffusion models achieve impressive image synthesis, yet unsupervised methods for

latent space exploration remain limited in fine-grained class translation. Existing ap-
proaches struggle with fine-grained class translation, often producing low-diversity out-
puts within parent classes or inconsistent child-class mappings across images. We pro-
pose UDT (Unsupervised Discovery of Transformations), a framework that incorporates
hierarchical structure into unsupervised direction discovery. UDT leverages parent-class
prompts to decompose predicted noise into class-general and class-specific components,
ensuring translations remain within the parent domain while enabling disentangled child-
class transformations. A hierarchy-aware contrastive loss further enforces consistency,
with each direction corresponding to a distinct child class. Experiments on dogs, cats,
birds, and flowers show that UDT outperforms state-of-the-art methods both qualitatively
and quantitatively. Moreover, UDT supports controllable interpolation, allowing for the
smooth generation of intermediate classes (e.g., mixed breeds). These results demon-
strate UDT as a general and effective solution for fine-grained image translation. Our
project website is available at: https://ssu-reality-lab.github.io/UDT.

1 Introduction
Diffusion models [9, 24] have become central to modern generative modeling, offering high-
fidelity image synthesis in a wide range of applications. Among them, text-to-image gener-
ation [5, 18, 22, 28, 29] has been particularly impactful, allowing the translation of natural
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Figure 1: Comparison of unsupervised translation methods. Input images are translated
along four directions that have been discovered. NoiseCLR [4] often produces limited breed
diversity in the �rst row of Direction #1� #3 or inconsistent changes across input images in
each direction. In contrast,UDTachieves diverse and coherent �ne-grained class transfor-
mations, consistently altering breed-de�ning traits while preserving pose and parent-class
attributes. The parent class is dog, and the child classes are breeds in this example.

language prompts into compelling visual content. Although the limited availability of la-
beled data restricts supervised approaches, unsupervised methods have gained increasing
attention for their potential to unlock greater diversity and generalization in generation tasks.

Recent unsupervised approaches for diffusion models can be categorized into two major
groups: exploring intermediate features of the U-Net [6, 14, 21] and operating in the pre-
dicted noise space [4, 15]. Both approaches attempt to discover semantic directions (i.e.,
condition vectors that replace textual guidance) to modify attributes of generated images.
These methods have shown success in altering high-level semantic regions (e.g., facial ex-
pressions, color, texture), validating the potential of unsupervised latent space exploration.

However, despite these advances, unsupervised methods face notable shortcomings when
applied to �ne-grained class translation. As illustrated in Figure 1, existing approaches strug-
gle with two fundamental issues. First, the diversity of generated outputs is insuf�cient:
discovered directions often tend to generate only low-diversity variations within a parent
class (e.g., different types of dog) or drift into unrelated classes (e.g., cat, food). Second,
discovered directions lack consistency across images: the same direction may correspond
to different child classes depending on the input, requiring users to search for a desirable
transformation manually. These limitations limit their applicability in scenarios that require
reliable, �ne-grained control, such as breed-to-breed transformations.

To overcome these challenges, we propose a novel method calledUDT(Unsupervised
Discovery ofTransformations), that introduces a hierarchical structure into the �ne-grained
class translation process. Speci�cally,UDTemploys parent-class information to decompose
predicted noise divergences into two components: a parent-class vector that encodes general
attributes (e.g., `dog') and a child-class vector that captures �ne-grained variations (e.g.,
`Poodle'). By applying hierarchy-aware contrastive learning, we ensure that each discovered
direction consistently maps to a distinct child class while preventing drift outside the parent
domain.


