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Abstract— Identification of textile properties is an important
milestone toward advanced robotic manipulation tasks that
consider interaction with clothing items such as assisted dress-
ing, laundry folding, automated sewing, textile recycling and
reusing. Despite the abundance of work considering this class of
deformable objects, many open problems remain. These relate
to the choice and modelling of the sensory feedback as well as
the control and planning of the interaction and manipulation
strategies. Most importantly, there is no structured approach
for studying and assessing different approaches that may bridge
the gap between the robotics community and textile production
industry. To this end, we outline a textile taxonomy considering
fiber types and production methods, commonly used in textile
industry. We devise datasets according to the taxonomy, and
study how robotic actions, such as pulling and twisting of
the textile samples, can be used for the classification. We also
provide important insights from the perspective of visualization
and interpretability of the gathered data.

I. INTRODUCTION

Interaction with deformable objects is an integral part of
our everyday life but still a challenge for robotic systems.
Work on robotic handling of textile or fabric traces back
several decades [1] and, despite the clear need in industrial
and domestic applications, many of the problems related
to perception, planning and control remain open. From the
industrial perspective, textile production and subsequent pro-
cesses of garment design in fashion industry are largely not
automated. Fashion industry is also undergoing an important
transformation to address sustainability concerns, given that
textile and clothing overproduction has a significant negative
impact on the environment.

From the scientific perspective, robotic interaction with
deformable materials has gained significant attention re-
cently [2], [3]. Important milestones regarding the modelling,
perception, planning, control and simulation of deformable
materials have been identified but not yet reached. It may
even be so that until robots reach the dexterity, flexibility and
sensing that to some extend resembles human capabilities,
successful interaction with deformable objects will remain
a challenge. In robotics, textile has been used to study ma-
nipulation tasks like folding [3]-[5], robot-assisted dressing
[6]-[8], garment recognition and classification [9]-[12]. In
most of these works, only a subset of textile properties is
commonly considered, and textile is merely a tool for testing
sensors [13] or control strategies [14].

In our work, we aim to study textile materials and their
properties using physical interactions and wrist-mounted
force-torque sensing. Similarly to humans, we aim at using
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Fig. 1: System setup: Two 7 DoF Franka Emika Panda arms
with force-toque sensors on the wrists, twisting and pulling a
textile sample. Microscope images are used to define textile
classes prior to training.

actions such as pulling and twisting, to learn more about the
textile properties, see Fig. 1. The properties are defined using
a textile taxonomy that follows the classification used in the
textile production industry. Textile properties in general, and
thus interaction dynamics, are affected by factors such as
fiber material and production method - the fiber may be raw,
coated or it may be a blend of several materials. Once used to
produce garments or bed-clothing, the properties will change
overtime based on washing, wearing, steaming - the textile
can become harder or softer, less or more elastic, thinner.
The change in properties will also have an impact on the
planning and control strategies used to interact with it - how
we wash, iron and fold them, how we hold and manipulate
garments when dressing somebody, whether we decide to
recycle or reuse old garments.

The focus of this paper is to asses how a dual arm
robotic system can be used to identify textile production
methods through pulling and twisting. We propose to do
so by learning a classifier on a dataset of textile samples
that are annotated by their construction type, determined
by inspecting their microscopic structure. We first outline
a textile classification taxonomy related to both fiber type
and production method, following notation used in textile
industry. We then make a thorough study using a subset of
materials and production techniques to assess the validity
of our approach. We analyse two manipulation strategies as
well as investigate which measurements are most relevant
for classification. We conclude by discussing challenges and
open problems.






