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A Scene From

The French Chef - Julia Child

The Potato Show
Season 1, Episde 22, 1963
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Where We Started From
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3400 Grasping Trials
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ENVIEONYIENTXL constraints
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R B oco ° [Eric Brown et al. Universal robotic gripper based on the jamming of granular material. PNAS 104(44), 2010] Technische Universitét Berlin ﬂs



Universal Gripper

U. Chicago, Cornell, iRobot
May 2010



Morphological Computation
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RBO Hand 3
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Kapandji Test
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INHAND - manipulation
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23-Parameter space, intermediate best solutions during optimization

Episode: Seed

RBOC"&)



Example solutions after co-designing for 128 episodes in 23 dimensions

Compilation of grippers and control strategies
found by co-design in 23 dimensions
after 128 epsiodes
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Emulating a Variety of Sensors

3D Orientation 6D Forces and Torques 1D Contact Location
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Trained Sensor Model Does Not Transfer

Prediciton error of models trained on Taskl
(evaluated on test data)
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Using Prior Knowledge Aids Sensing

Fixed sensor layout on Taskl, extended to Task2
(evaluated on test data)
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Acoustic Sensing of Contact Location
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Active Acoustic Sensing
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Active Acoustic Sensing While in Contact

Confusion Matrix for Active Prediction,
Generalizing over Different Materials
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Measurements for Tip, I|

Amplitude Spec
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Morphological Sensing

Amplitude Spectrum of Speaker Signal
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same object different object I 8. different objects syn. digits  bimanual
- 7. different objects asyn. digits bimanual
- 6. same object asyn. digits bimanual syn. hands

- 5. same object asyn. digits bimanual asyn. hands

- 4. same object asyn. digits unimanual
_ 3. same object syn. digits bimanual syn. hands
_ 2. same object syn. digits  bimanual asyn. hands

_ 1. same object syn. digits  unimanual

40 30 20 10 0
number of species

RBO [Heldstab et al., Nature Scientific Reports, 2016] T ﬂﬁ



n=236 terrestrial
.~>—-i<" 2 = 0,598
@ O-1p=0011
=%
5
c
9
&L 3- arboreal
>
L
5 2
& —
c o Lemurs
S | v Plathyrrhini
= 1 - o Cercopithecoidea
e Hominoids
z Homo sapiens
0 | | | | |
2 3 4 5 6 7 8
In brain size

R B : 6’60 Technische Universitat Berlin ﬂﬁ



1) W/ BRID

) NENE-CHADTIC
3) LOTS OF (ODNTACT



RBO@’dv

beyond force closure
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