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HOW CAN WE ROBOTIC
MANIPULATION SYSTEMS?



BENCHMARK:

“Systematic standard process for evaluating
something by comparison”
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BENCHMARKS AND DATABASES IN ROBOTICS

Machine learning Computer Vision C|Oth manipulation

BENCHMARK SUITE RESULTS

MLPerf Training

Benchmark suit for

ML models
“IGLUE COCO
(Object detection
Benchmark resources for and segmentation)
natural language systems ClothesNet

(Simulated coth object dataset)



HOW CAN WE BENCHMARKS
FOR CLOTH MANIPULATION?



C. Bersch, “Bimanual
robotic manipulation for
laundry folding”, 2011
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A. Doumanoglou, “Folding Clothes . g
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OBJECT SETS FOR MANIPULATION

Same manipulation but different behavior




OBJECT SETS FOR MANIPULATION

Same manipulation but different behavior




OBJECT SETS FOR MANIPULATION

The experimental results of the first grasping experiment
are shown in Table 1. Overall, the grasping success rate
varies from 76.7% to 93.3% on different types of cloth-
ing. This difference can be attributed into the difference of
clothes materials. In other words, the thickness and stiffness
variation of clothes’ materials brings different challenges to
grasping. Specifically, the sweaters and t-shirts performed
the best (93.3%,90%) while jeans and shirts obtained the
lowest scores (78.3%,76.7%). The reason is two-fold: firstly,
the more stiff the clothing material is, the more difficult the
grasping is; and also, the more wrinkles the clothing configu-
ration has, the easier the grasping 1s. On average, the proposed

Sun et. al. 2018

Gray Towel White Towel Patterned Cloth

Fig. 6: The cloths we use for experiments. We use the gray towel
(left) for training, and test on all 3 cloths for evaluation. The white
towel and patterned cloth test to novel cloths. The
cloths have thicknesses between 3-5 mm and

Tirumala et. al. 2022

Fig. 9: Our test set of clothing articles.

V. EXPERIMENTS

After tuning the parameters on a training set of 3 towels’,
we ran 50 trials over a wide variety of previously unseen
towels. In particular, the fest set comprised 25 distinct
colors/patterns, 16 distinct materials, and 11 distinct sizes
(with lengths ranging from 32 to 78 cm and widths ranging
from 32 to 48 cm).® Each of the 25 towels in the test set

Cusumano et. al. 2011

Maitin et. al. 2010

D. Generalization to Unseen Garments

We explore how SpeedFolding, trained on a single t-shirt,
can generalize to garments unseen during training. In these
cxperiments we use (1) a t-shirt with a different color and
stiffness and (2) a rectangular towel with a different color
compared (o the original t-shirt. We evaluate SpeedFolding

Avigal et. al. 2022




0BJECT SETS FOR MANIPULATION

— ™= ” I

The experimental r eSUItS of the first graspf~servations. The final system achieves over 80% coverage within 3 actions on novel V. EXPERIMENTS
are shown in Table 1. Overall, the graspl cloths, can unfold cloths larger than the system’s reach range, and generalizes to
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varies from 76.7% to 93.3% on different T-shirts despite being trained on only rectangular cloths. We also finetuned Fling- After tuning the parameters on a training set of 3 towels’,

ing. This_difference can be attributed into the difference of Ha et. al. 2021 we ran 50 trials over a wide variety of previously unseen
clothes nf To evaluate the effectiveness of our deformable manipula- tm;vels/. Itrtl partllcglz:lr., t.t het tCStt setl comc;lmlsle dd.2t5. (:ISt.l net
variation| tion framework, we use 6 benchmarks with different clothes, OO R e P

; : : : —_ (with lengths ranging from 32 to 78 ¢cm and widths ranging
tggzsgg% lC ave dlffrn matefle'll. ?harilctrlstlc an sas. from 32 to 48 cm).® Each of the 25 towels in the test set

. 0 20 0 Jia et. al. 2017 Maitin et. al. 2010
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systems. Results also suggest robustness to fabrics of various col-
ors, sizes, and shapes. See https://tinyurl.com/fab

assume knuwledge of Lhe handling conditions. In our (,abe, a [ere conducted to evaluate the proposed

propertles a brief descnptlon of brithm using a towel with the following
orange, size 28cm x 28cm. thickness

pll

Evaluating Real-World Unfolding. Finally, we finc-
T IS e TSTeT and 8 [ G Tt 8 dels fy Tab. | Actio arameters describing the weight | ,nii 0.015g/cm2, coefficient of friction
; Ganapathi et. al. 2021 ; tu.ne and evaluate our .slmu ation mo. els from 1ab. vere considered to be known [r'ltc 0.028cm/gf. All experiments were
S — with real-world experience on a pair of URS arms. Pick i : ” (l 0 oo bolding : e

Task generation is automated using the robot arms Fling T dic ot ol Salleh et. al. 2006

Ciray Towrel White Tosel Pz

AU,

d C1¢ by randomly grasping the cloth at height 0.50m then |
iy PrOposed & oioth rasp point deicciion QST | | 0'ioi ehoth for Nommal Rect a.0.40m  0.70m by [01ure, Verification experiments are performed on
Y ER P towcl for Large Rect, and a 0.45m x 0.55m T-shirt for Shirt. FI’tS and the generality of the proposed method is

very reasonable rate of recall while being highly robust to
ek il 5 AUSHL : confirmed. We also extend the method for various tasks using
variation in material, size, and appearance due to relying | 2= Ha et. al. 2021
only on geometric cues. The reliability and robustness of [& L stretchy cloth. ing effective sim-to-real transfer. Finally, we show that our method generalizes

when trained on a single square cloth to other cloth shapes, such as T-shirts and

4 EXPERIMENTAL RESULTS

Maitin et. al. 2010

- Weng et. al. 2021

eralization to Unsd can perform different part process. As our
algorithm is not based on a geometrical model of the garment
to be unfolded, it is general enough to be used with any
category of garment, from towels and blankets to trousers or

. , The proposed approach is tested using a consider-
Fig. 6: The cloths we usc for experiments. We usc t| able number of fabric pieces of different materials, [xplore how SpeedF

(left) for training, and test on all 3 cloths for evaluati| shape, and colour. Both simulation and experimental [emlize to garmenty
towel and patterned cloth test jgeneralizing to novel.t_esis‘ﬁ3 conducted to verily the efticiency of e Jents we use (1) a

cloths have thicknesses between 3-5 mm and vanation in surfaa Zacharia et. al. 2008 stiffness and (2) a rectang] shirts, and with any number of folds.
texture and stiffness. | compared (o the original t-shirt. We evaluate SpeEstevez et. al. 2017

Tirumala et. al. 2022 Avigal et. al. 2022

Amount of variation?



HOW CAN WE CLOTH OBJECT
SETS FOR ENABLING COMPARISON?



MANIPULATION OBJECT SETS
YCB Object Set Household Cloth Object Set

CHEFTAY o

CHEEZ ’T B - T e Squared pillow cases (2)

Fitted bed sheer
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dea ity | (‘ouonnakmq(z
Tableclorh
--9-';--_‘ . Linen napkins (4) =~ 4 ‘.
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Rigid objects Textile objects

Calli, et. al, 2015 Garcia-Camacho, et. al. 2022
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Measurement systems CRITERIA: SCAN ME FOR VIDEOS AND DETAILS!

General
Non-destructive
Easy-to-use

Repeatable

Physical and mechanical properties



TEXTILE CHARACTERIZATION

» Physical properties:
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TEXTILE CHARACTERIZATION

» Physical properties:

» Shape
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» Physical properties:
» Shape

» Size
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» Physical properties:

» Shape
» Size

» Weight




TEXTILE CHARACTERIZATION - PHYSICAL PROPERTIES

» Physical properties:
» Shape

» Size

» Weight

» Color



TEXTILE CHARACTERIZATION - PHYSICAL PROPERTIES

» Physical properties:
» Shape
» Size
» Weight
» Color

» Fabric materia




TEXTILE CHARACTERIZATION - PHYSICAL PROPERTIES

» Physical properties: / y
» Shape ..
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties:

» Stiffness




TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties:

» Friction
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties:
» Stiffness
Friction

» Elasticity




TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties: Proposed method
» Stiffness

» Friction

» Elasticity
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Textile industry

Cusick et. al. 1968
Az — A»
Ay — Ay

stiffness =




TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

STIFFNESS

Zenithal
RGB camera
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

STIFFNESS

Zenithal
RGB camera

GITHUB REPOSITORY

AVAILABLE!

https://github.com/igarcica/
TextileCharacterization

As — Ao
Ay — Ay

stiffness =

Circular plate




TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties:

259 ,",.['.",' ',.... “I‘.-"
D e e b
SRy A L

v
Y s 1 AATH

:.‘ R I ‘ "
Ruler
- / ‘
- o & v;rw)"'
B g PR T4 [l ]

» Stiffness
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» Friction

» Elasticity

Textile industry S

Cloth object
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Fi1GURE 2.—Device for measuring cocfficient of friction between fabries

Mercier et. al. 1930 ..
Printing paper

[friction = p = tan | sin~
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

FRICTION

©

0= sz’n_l(%)
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

FRICTION

0= sz’n_l(%)
Fr=F,




TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

FRICTION
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

» Mechanical properties: Proposed method
» Stiffness

» Friction

Cloth length Stretched length

» Elasticity
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

ELASTICITY

Cloth object ?
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES
ELASTICITY
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES
ELASTICITY
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BENCHMARKING CLOTH SETS

@ EOS (Longhini et.al. 2023)

(%)
Friction
100
Construction Stiffness
(units) 2 100 (%)
Color 3p 150 Elasticity
(units) (%)
Size 400 10 Material
(cm) (units)
1 10
Weight Shape
(Kg) (units)

00 Elastic Object Set (EOS)

. HCOS (Garcia-Camacho et. al. 2022)

Fined bed sheet

(%)
Friction
100
Construction Stiffness
(units) 5 100 (%)

Color 3p 150 Elasticity
(units) (%)

Size 400 10 Material

(cm) (units)

10
Weight' Shape
(Kg) (units)

@ Household Cloth Object Set (HCOS)

(Gustavsson et. al. 2022)

(%)
Friction
100
Construction 5 Stiffness
(units) 100 (%)
Color 30 150 Elasticity
(units) (%)
Size 400 10 Material
(cm) (units)
1 10
Weight Shape
(Kg) (units)

90 Dressing Object Set (DOS)



BENCHMARKING CLOTH SET

(Gustavsson et. al. 2022)

@ EOS (Longhini et.al. 2023)

. HCOS (Garcia-Camacho et. al. 2022)

Fined bed sheet

7

g ..(5;:
(%)
Friction
100
Construction Stiffness
(units) S 100 (%)
Color )30 150 Elasticity
(units (%)
Size 400 10 Material
(cm) (units)

10
Weight' Shape
(Kg) (units)

0 Elastic Object Set (EOS) @ Household Cloth Object Set (HCOS) 8 Dressing Object Set (DOS)



RELEVANCE OF CLOTH PROPERTIES IN ROBOTIC MANIPULATION

Sample A Sample B Sample C Sample D
Green wool knitted Black polyester woven Red elastane knitted Maroon

Sample | Stiffness  Elasticity  Friction
A 85 % 43% 53%
B 34% 7% 45 %
C 36% 87% 52%
D 39% 35% 93 %
E 59% 100 % 60%
F 32% 64% 52%
Sample F Sample E

Gray elastane woven Black&White



RELEVANCE OF CLOTH PROPERTIES IN ROBOTIC MANIPULATION
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RELEVANCE OF CLOTH PROPERTIES IN ROBOTIC MANIPULATION

Sample A Sample B Sample C Sample D Sample E Sample F

Sample | Stiffness  Elasticity  Friction Laft Drag Fold Pull Push

A 85% 43% 53% 0.31+ 0.01 0.97+ 0.01 1.004+ 0.0 0.94+ 0.02 0.83 = 0.00
B 34% 7% 435 % 0.23 = 0.00 0.96 = 0.02 0.63x 001 097 0.00 0.84x 0.01
C 36% 87% 52% 0.23 = 0.02 0.90 = 0.01 0.63 = 0.00 0.72 = 0.07 0.64 = 0.03
D 39% 35% 93 % 0.20 = 0.00 0.84 + 0.02 0.63 = 0.01 0.90 = 0.03 0.69 = 0.05
E 59% 100 % 60% 0.21 = 0.01 0.93 = 0.00 0.60 = 0.02 0.91 = 0.01 0.6 = 0.02
F 32% 64 % 52% 0.20 = 0.00 0.79 + 0.03 0.60 = 0.00 0.88 = 0.02 0.66 = 0.02




HANDS ON - MINI PROJECT SESSION

Obiject sets Textile characterization adar chart

E8 Table = a4 ¢ Q3T R
Aa Object & Image # Sizesh # Sizelong Z Size(d Z Arca ¥ Waight z Weight. @ Shape ;= Colors & Textures ;= Materal Lo
Friction

) Black flowers [0 17 23 29 291 2.4 00084  Recteng.  Bleck  Whit Textwied Polyaster 100

Elagzans
. i i i Construction 5 Stiffness
| Black 24 17 20 3¢ 510 6 0.006 Ractang.. Black Black Polycstar 100
) Danim ‘ 17 25 30 425 11.45 001145 Ractang.. Slue Slue Cotton
[") Brown ‘ 20 2z 30 44C 1B.BS 0.016B5 Reclung.. Brown Brown Woul
) Green vioel Y 16 8 32 428 23.1 0.0231 Recweng.. | Gieen Green Woul
™ Blackwool 4K 17 a1 35 527 154 00164 Rectang.  Black Black Wool Color 30 150 Elashcity
) Black & white * 18 25 31 450 13.74 0.01374  Ractang.. Black Whiti Textura2 Acnylic
:] Brownish i 17 az 3B L4 17.€ 0.0178 Recleng.. While Blacl Texlue3 Woul
2| White thin . “eh Ea 3 4c9.8 14,6 00148 Reclena.. while While Woul
[ Dark bive thick + 14 26 a0 2G4 124 0.0184 Rectang.. Blue Slue Wool 400 10
N Size Material
") White thick knit . 19 az 37 €04 26.5 0.C255 Ractang..  whia whita Acrylic
:__'"| Dark bive Lhin . 16 ic 28 384 15 0.018 Reclang.. Blue Slue Wool
2| Red ‘ 17 20 3c g1C 6.86 0.0Cé88 Recteng.. Rec Rec Elasiane 1 10

Polyestar Weight Shape
f""] Flowars gray * 18 30 a5 540 QG 0.CO8G Ractana, Black Gray Taxturad Flastana

[0 Elastic Object Set (EOS) 8 Household Cloth Object Set (HCOS) 8 Dressing Object Set (DOS)
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