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Why do robots need to recognize
and manipulate deformable objects?

http://mynorthwest.com/920/2312665/Why-robots-could-soon-replace-fast-food-
workers-demanding-higher-minimum-wage
http://www.cs.berkeley.edu/~pabbeel/
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http://www2.informatik.uni-freiburg.de/~stachnis/pdf/frank10rssws.pdf
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Why trajectory Is important?

Trajectory too low Trajectory too high

2.5x speedup
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Why trajectory Is important?

Problematic scenarios: Solution:

Offline Simulation H Trajectory Optimization »l Transfer to Robot
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Simulation

* Build the garment model

* Parameter adaptation __
— Shear friction

shear_frac = (L1 — Ly)/La
=

— Friction force i
on the able ;

AF'rict'ion — Sin_l (HS/Lt) :“ f;;;?j-:{:-';
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Trajectory Optimization

gripper

L4 /a/rget positiop” starting position P, 5.
St

z r 4

Initial trajectory --- Bézier curve:

T(u) = Y By (u)P;

2 1

P, = 51?0-+ 51?3-+-hH]?0 — P3lle,
1 2

Py = §]?0-+ 51?3-+-hH]?0 — Pslle,
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Trajectory Optimization (cont.)

» Initial trajectory --- Bézier curve: T(u) = »  Bj(u)Py

* Optimization Objective: k=0
Xopt = argmm{l + QlD S:, S ]}2
C’(x)
D(Si ) = 151 Zu% yill A
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Application to garment folding

* Key point localization
Er(S,S) = Eq(S,T) +|Eat(S, S)

Edef(Sa S) — HzEstretch(ga X) =+ JBEbend(Sa X)
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Experimental Results

* Robot setup

Garment Type

Long-Sleeve T-Shirt (large)
Long-Sleeve T-Shirt (small)
Jeans
Pants
Large Towel
Medium Towel
Small Towel
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Experimental Results (cont.)

Ty

\ij

Garment Type # of Success Avg. Time
folds Rate (sec)
L-S T-Shirt (large) 3 10/10 121
L-S T-Shirt (small) 3 10/10 118
Jeans 2 7/10 88
Pants 2 8/10 88
Large Towel 2 10/10 90
Medium Towel 2 10/10 88
Small Towel 2 10/10 83
Average 2.3 9.3/10 97
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Experimental Results (cont.)
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Experimental Results (cont.)

Side-by-side comparison

—

2.5x speedup
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Experimental Results (cont.)

Garment Type # of Success Avg. Time
folds Rate (sec)
L-S T-Shirt (large) 3 10/10 121
L-S T-Shirt (small) 3 10/10 118
Jeans 2 7/10 88
Pants 2 8/10 88
Large Towel 2 10/10 90
Medium Towel 2 10/10 88
Small Towel 2 10/10 83
Average 2.3 9.3/10 97
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