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Abstract—Cloth manipulation is a challenging task that,
despite its importance, has received relatively little attention
compared to rigid object manipulation. In this paper, we provide
three benchmarks for evaluation and comparison of different
approaches towards three basic tasks in cloth manipulation:
spreading a tablecloth over a table, folding a towel, and dressing.
The tasks can be executed on any bimanual robotic platform
and the objects involved in the tasks are standardized and easy
to acquire. We provide several complexity levels for each task,
and describe the quality measures to evaluate task execution.
Furthermore, we provide baseline solutions for all the tasks and
evaluate them according to the proposed metrics.

Index Terms—Performance Evaluation and Benchmarking,
Cooperating Robots

I. INTRODUCTION

ANIPULATION of highly deformable objects, such as

cloth, is an important area of robotics research that
has applications both in industrial scenarios and in domestic
environments. Despite its relevance, this research direction has
historically received relatively little attention compared to rigid
object manipulation due to the challenges it entails. Recently,
a stronger interest in deformable object manipulation emerged
and the survey in [1]] presents the latest advances.

In order to effectively evaluate robotics methods, it is
beneficial to provide specialized benchmarks [2]. A benchmark
is a set of well-defined tasks to be performed in a standardized
setup which needs to be easy to reproduce in different robotics
laboratories. Existing manipulation benchmarks include large
object sets [3]], unified protocol procedures [4]], robotic compe-
titions [5]], task specific benchmarks such as [|6] for the picking
task and also manipulation task taxonomies [7]. However, to
the best of our knowledge, they all involve only rigid objects.
In this paper, we provide benchmarks that will help assess the
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capability of a robotic system for manipulation of cloth-like
objects.

To handle high degree of uncertainty about deformable
objects’ state, perception and manipulation often need to be in-
tertwined. Furthermore, the choice of grasping and re-grasping
strategies can significantly impact subsequent manipulation.
Thus, one challenge in designing a benchmark for cloth
manipulation is that different components of a robotic system,
such as perception, grasping and manipulation planning, are
highly dependent on each other. Therefore, we propose to
evaluate the performance of the entire system rather than
evaluating perception versus action components separately.
We also recognize that for some tasks it is common to treat
grasping of the initial target points as a sub-task. Hence,
we provide a way to evaluate grasp execution, followed by
evaluation of the task after the cloth is grasped.

We propose three benchmarks corresponding to three eval-
uation tasks that, in our opinion, form a basis for more
complex tasks for handling clothes and dressing a human.
(i) The first task is unfolding a tablecloth and spreading it
over a table. The need to spread cloth-like objects, such
as bed sheets and tablecloth, is ubiquitous in our everyday
life. In addition, this task can be seen as preparatory, e.g
spreading on a flat surface for ironing or folding. (ii) The
second task is folding a towel on a table. This is one of
the most common tasks in textile manipulation literature [8]],
and can be seen as a preparatory action before placing on a
shelf or in a box for storage/packaging. Although prior works
proposed methods for folding [9H13]], these have never been
systematically compared or benchmarked. (iii) The third task
consists of fitting the neck of a T-shirt over a 3D printed head.
This task is a simplification of a dressing scenario: a basis for
more complex tasks like putting a T-shirt or a sweater on a
human or mannequin.

We define performance metrics to evaluate a cloth manipula-
tion method which are based on success of the task, execution
time, force measures and, if possible, quality of the final result,
e.g., we define how a tablecloth should be placed on the table.
In this way, each proposed benchmark is well-equipped to
distinguish approaches that are likely to perform general cloth
manipulation well. Finally, we provide baseline solutions for
all the tasks and evaluate them according to the proposed
scoring, recording decreasing success rate as the complexity
of scenarios increases.

Despite initial progress, cloth manipulation remains mostly
unsolved, with innovative techniques still under development.
Our proposed benchmarks form a systematic testbed for the
prototypical cloth manipulation tasks, helping to evaluate
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Code Tablecioth IKEgb,iiﬁLso:T?Irigmﬁﬂgpmazt':znm consider different starting cloth con gurations: from folded
[st] | Small towel| IKEA towel Haren0:3  0:5m or0:3 0:3m to crumpled on the table (sg¢e Figl 3). Grasping crumpled
[bt] | Big towel| IKEA towel Haren0:5 1mor0:4 0:7m cloth at a desired grasping point has been attempted many

T-Shirt] Any T-shirt in accordance {p Fig, 1 times in literature by localizing corners or edgés$|[[9] 14] or

Code Environmental objects more speci ¢ parts [15—17]. In contrast, starting from a folded

Any table with dimension in the range con guration was rarely considered, despite it being a common
Table L\f,?gtwf %fgf cl)fg]‘r’%m cloth state in domestic environments. The challenge in this
Height: [0:72;0:75] m case lies in grasping just one single corner of the many layers

[sh]| Small head Generate3D model with provided script that are folded together. After the rst grasp, the cloth needs

[bh] Big head| Generate3D model with provided script

to be grasped at the second grasping point to unfold the cloth.
TABLE I: List of objects with instructions for acquisition Then it needs to be spread on the table. The task requires
manipulating a big piece of cloth, which is challenging for
many robots and may call for additional strategies. Overall, our
protocol does not impose a speci ¢ strategy. This gives more

| T-shirt measures freedom to researchers to develop and compare innovative

[0:13; 0:25] m

A

B | 0:5m approaches.

C | [0:015 0:05] m 2) Task 2: Folding a towel:This task consists of grasping
D | [0:07; 0:13] m

a towel and folding it. The task uses the same table as the

Fia. 1- Representation of the allowed m res for the T-shirt %revious task and two different sizes of towels, as indicated

mgasure (iasp g:s tt(?tec()]uél)iz; ?hg Igveeldof d??cstljltsswr?ent p?erfo?mirt{gin [Table |. An example of implementation is showr{in Fig. 2-

the dressing. middle. This is a classic cloth manipulation task. Since the
early example of PR2 robot folding towels in 2010 [9], there
have been many other works focusing on folding towels and

emerging approaches and to gain technical insights for furthsther items|[111] 12, 18-20]. However, as stated in Segtion |,

improvement. this task has never been benchmarked or properly compared
based on the quality of the folds or execution time.

1. THE BENCHMARKS Folds location varies signi cantly depending on the garment

We propose three benchmarks for manipulation of high eometry [13]. Even for.a rectangular napkin or towel, there
re multiple fold strategies one could follow. However, once

deformable cloth-like objects which can be performed b ¢ fold line has been decided, we want to focus on nding

any bimanual setup. In particular, our benchmarks focus on. . . S .
y P P manipulation that can best realize it. For this reason, we focus

three basic tasks in cloth manipulation which involve textile : . ] .
n the simplest strategy for rectangular items: always fold in

ObJPTCtS of different sizes a.nd types: spreading a tableclo dIf and perform a maximum of three folds which we evaluate
folding a towel, and dressing. To foster easy modular usée

of the benchmarks, we separate each task into sub-tasks Eﬂg‘éﬁldZi!ﬁa@ésbﬁgﬁgy tgasvit]v?/ Sa:}d;a;:glgseatf?:rtel\t/ec:rar}oﬁje
can be evaluated individually, varying the level of dif culty y y g top P y '

on the basis of the cloth initial con guration and involve(:1BeSIdeS the starting crumpled con guration (as in Task 1), we

objects. Protocols (RAL-SI-2020-P19-0832V1.0, RAL-SI- also consider a ~ at on the table' con guration, also shown in
2020-P19-0832-V1.0, RAL-SI-2020-P19-0833-V1.0 for ' . . .
the three tasks, respectively) can be found in the attacheaN hen the cloth is crumpled, the main difference for

material and at the Iirﬁ](With their respective explanatorygraSpmg’ _compared to Task 1 Is the size O_f the object. A
) small/medium versus large size would entail the need for
videos and benchmark documents.

. . different strategies to enable initial grasping. We do not impose
In the following we give a summary of the benchmarks . ; :
speci ¢ folding strategy. Small towels can be folded using

tasks, setup and evaluation. For the sake of clearness, se P classic strategy of placing them on a table and picking

sub-task decomposition and evaluation are common to thtﬁveo corners to fold[[o] 2], but bigger ones might require
benchmarks and will thus be presented jointly. Further infor- ’ ' 99 9 q

mation can also be found on the wet8ite alternatives|[21].
3) Task 3: Partial dressingThe goal of the third task is to

put a T-shirt over a simple head model starting from different
A. Tasks description initial con gurations of the garment, as shown[in Fig. 2-right.

1) Task 1: Spreading a tableclothThis task consists of Putting on the sleeves is not included in the task. The complex
grasping a tablecloth and spreading it on a table, using tggo_metric shape o_f T-shirts makes their m_anipula_tion _towards
table and the tablecloth indicated[in Table I. An example &fesired states a dif cult process that requires a tight integra-
implementation is shown i Fig] 2-left. tion of perceptive sensors, such as cameras and force/torque

Similarly to the other tasks, this task requires to grasp ti§§nsors, into the manipulation strategy. Thus, the focus of
cloth at two grasping points, usually two of the corners, arflis task lies in evaluating the combination of perception and

then to manipulate it to spread it. For the rst grasp, wéanipulation strategies.
Analogously to the previous tasks, the success of the

Ihttps://ral-si.github.io/cloth-benchmark/ manipulation task highly depends on the way the garment is
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