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SCAN ME!



H O W  C A N  W E  A S S E S  R O B O T I C  
M A N I P U L AT I O N  S Y S T E M S ?



B E N C H M A R K :

“Systematic standard process for evaluating 
something by comparison”



BENCHMARK STANDARDS

Cybersecurity levelEnergy efficiency

Environmental  
car emisions

Water resistant

ISO standards



BENCHMARKS AND DATABASES IN ROBOTICS

Cloth manipulationComputer Vision

COCO  
(Object detection 
and segmentation)

ClothesNet  
(Simulated coth object dataset)

Machine learning

Benchmark suit for 
ML models

Benchmark resources for 
natural language systems



H O W  C A N  W E  D E S I G N  B E N C H M A R K S  
F O R  C L O T H  M A N I P U L AT I O N ?



A. Doumanoglou, “Folding Clothes 
Autonomously: A Complete 
Pipeline”, 2016

C. Bersch, “Bimanual 
robotic manipulation for 
laundry folding”, 2011

E. Honno ld , “Robot ic 
laundry folding”, 2018

Y. Avigal, “SpeedFolding”, 2022
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Same manipulation but different behavior 
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OBJECT SETS FOR MANIPULATION
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Amount of variation?  



H O W  C A N  W E  S TA N D A R D I Z E  C L O T H  O B J E C T  
S E T S  F O R  E N A B L I N G  C O M PA R I S O N ?



MANIPULATION OBJECT SETS

YCB Object Set Household Cloth Object Set

Rigid objects Textile objects
Calli, et. al, 2015 Garcia-Camacho, et. al. 2022



▸ Measurement systems CRITERIA:

▸ General

▸ Non-destructive

▸ Easy-to-use

▸ Repeatable

▸ Physical and mechanical properties

TEXTILE CHARACTERIZATION

I. Garcia-Camacho, A. Longhini, M. Welle, G. Alenyà, D.. Kragic and J. Borràs, “Standardization of cloth objects 
and its relevance in robotic manipulation”, 2024 IEEE International Conference on Robotics and Automation (ICRA)

SCAN ME FOR VIDEOS AND DETAILS!

http://www.iri.upc.edu/groups/perception/#ClothStandardization



▸ Physical properties: 
▸ Shape  
▸ Size 
▸ Weight 
▸ Color 
▸ Fabric material 
▸ Construction technique

TEXTILE CHARACTERIZATION
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TEXTILE CHARACTERIZATION - PHYSICAL PROPERTIES

Woven yarn Knitted yarn



TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES
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▸ Mechanical properties: 

▸ Stiffness 

▸ Friction 

▸ Elasticity

Proposed method

Plate

Camera

Garment

Cusick et. al. 1968

Textile industry

stiffness

TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES



TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES
STIFFNESS

a b

60% b60% a



TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES
STIFFNESS

GITHUB REPOSITORY  

AVAILABLE!

https://github.com/igarcica/
TextileCharacterization



▸ Mechanical properties: 

▸ Stiffness 

▸ Friction 

▸ Elasticity

Mercier et. al. 1930

Textile industry

TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

Plane

Printing paper

Ruler

Cloth object



FRICTION
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

▸ Mechanical properties: 

▸ Stiffness 

▸ Friction 

▸ Elasticity

Textile industry

ASTM D76/D76M-21

Proposed method



TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

ELASTICITY

Cloth object

Clamp

Ruler

Luggage/vertical scale
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TEXTILE CHARACTERIZATION - MECHANICAL PROPERTIES

ELASTICITY



BENCHMARKING CLOTH SETS
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Sample A 
Green wool knitted

Sample F 
Gray elastane woven

Sample C 
Red elastane knitted

Sample B 
Black polyester woven

Sample D 
Maroon

Sample E 
Black&White 

RELEVANCE OF CLOTH PROPERTIES IN ROBOTIC MANIPULATION



LIFT DRAG FOLD

PUSHPULL
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RELEVANCE OF CLOTH PROPERTIES IN ROBOTIC MANIPULATION

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



Study impact in manipulation

HANDS ON - MINI PROJECT SESSION
Radar chartTextile characterizationObject sets
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