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Abstract— This study explores the use of vision foundation
models to enhance 3D representations of cloth-like deformable
objects. By focusing on the distillation of semantic information
from RGB images, we examine the potential of pre-trained
Visual-Language Models in capturing complex folded configu-
rations of cloth. Our investigation reveals the challenges and
preliminary successes in leveraging semantic information to
improve the understanding and tracking of deformable object
states.

I. INTRODUCTION AND RELATED WORK

Manipulation of deformable objects, such as clothes, has
been a long-standing challenge in robotic manipulation [1].
The deformable nature of these objects poses significant
challenges for state estimation and tracking under self-
occlusion. These often lead to incomplete information about
the cloth state and hinders the robot’s ability to plan optimal
manipulation strategies [2], [3].

A common way to describe cloth states is using 3D
representations such as graphs or point clouds, due to their
potential to improve generalization and sim-to-real transfer
over traditional image representations [4], [5]. However,
point clouds are often ambiguous due to self-occlusions,
making it difficult to distinguish between different layers
of the cloth when being folded [6]. Graph-based representa-
tions, while theoretically capable of capturing the underlying
structure of the cloth under occlusions, prove difficult to be
effectively used in real-world scenarios due to the challenges
of tracking the deformation [7], [8]. Recent applications
of vision foundation models for manipulation tasks have
demonstrated their potential in augmenting 3D represen-
tations of rigid objects with semantic information, facili-
tating improved understanding and interaction with these
objects [9], [10]. However, the application of these models to
deformable objects, particularly for extracting and distilling
semantic information, remains underexplored.

In this work, we evaluate the capability of vision foun-
dation models to distill semantic information of cloth-like
deformable objects. We explore two commonly used models
in robotic manipulation, Grounded SAM [11] and DINOv2
[12], [13]. We evaluate these models through image-level and
pixel-level visual tasks, focusing on semantic segmentation
and dense feature extraction. Since object-level semantics
may not fully capture the cloth’s deformed state (e.g. Fig 1),
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Fig. 1: The top row displays RGB images of cloths in various folded
states, while the following rows depict their 3D representations
at different abstraction levels (Object-Layer-Dense). Notably, the
object-level representations fall short in accurately depicting the
folded states due to their inability to precisely show the alignment
between the top and bottom layers..

our study delves into two abstraction levels: layer descriptors
(upper and lower layers) and dense pixel-level descriptors.
Specifically, we assess the performance of Grounded SAM
in visually segmenting the cloth’s upper and bottom layers.
We also investigate the temporal consistency of the dense se-
mantic descriptors of DINOv2, by using it to track keypoints
while the cloth undergoes deformations.

This work aims to evaluate how existing vision foundation
models perform in distilling features for 3D representations
of cloth-like deformable objects. By doing so, we seek to
extend the utility of these models beyond rigid objects and
explore their potential in more complex, real-world applica-
tions involving deformable objects such as cloths. This work
also highlights rich research opportunities in modifying and
extending foundation models for deformables.

II. INSTANCE SEGMENTATION

To evaluate Grounded SAM on an instance segmentation
task, we consider multiple rectangular cloths, and query the
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