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Robotics then and now

Boston Dynamics

1968 2016

Whats missing?
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Components of Robotic Systems

3. Tight integration of sensing,

1. Perception 2. Planning and Control _ '
’ Computation and actuation

Robotics Robotic Materials
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Robotic Materials

Tight integration of sensing, actuation and computation
inside the material

M. McEvoy and N. Correll. Materials that couple Sensing, Actuation, Computation and Communication. Science, 2015.
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Advantages of distributed computation

* High-bandwidth sensing: soft robotic
skin

* High-speed Feedback control: object
manipulation

 Distributed computation: optimization
and classification




Example |: Soft Sensing Skin
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D. Hughes, N. Correll (2015): Texture Recognition and Localization in

Amorphous Robotic Skin. In: Bioinspiration & Biomimetics, 2015.
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Real-time localization and routing
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Discrete Computation: DFT and filtering
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Discrete Computation: Classification

Brillo Pad
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71.7% accuracy
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Example |I: Shape change by Variable Stiffness

M. A. McEvoy, N. Correll (2016): Distributed Inverse Kinematics for Shape-Changing Robotic
Materials . In:3rd International Conference on System-integrated Intelligence: New Challenges for Product
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and Production Engineering, Paderborn, Germany.
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Example [ll: Manipulation
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N. Farrow, N. Correll (2015): A Self-Contained Soft Pneumatic Actuator that can sense touch -
W  and grasp. Int. Conf. on Intelligent Robots and Systems (IROS). II|" gy HARVARD



Initial grasp
(bad force closure)

After wiggling
(good force closure)

Active compliance
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Nicholas Farrow, Yang Li and Nikolaus Correll. “Morphological and Embedded Computation in a A Self-
contained Soft Robotic Hand”. arXiv:1605.00354



Challenging grasps

Power grasps (easy) medium Pinching grasps (hard)
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Combined distance and force sensing
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R. Patel and N. Correll. Integratedforce and distance sensing for robotic manipulation using elastomer-
embedded commodity proximity sensors. “"Robotics: Science and Systems' (RSS), 2016.



Tactile and distance sensing during grasping
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R. Patel and N. Correll. Improving grasp performance using in-hand proximity and
force sensing. Int. Symposium on Experimental Robotics (ISER), 2016.



Contact sensing and 3D scanning

Left finger Right finger

Raw value

Time[0.s) > 7 goncer Time [0.15]

Contact sensing

Distance(cm)
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3D scanning

3D Model of Cup




Whole-body sensing: social touch and
collision avoidance
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Key Challenge: Manutacturing Robotic
materials economically




1. Novel manutfacturing techniques:
stretchable CMOS

5mm 60 mm

30 cm

Fu-Kuo Chang, Stanford



2. Increasing manufacturing efficiency

* Use robots for precise / § ®© © ®© © @
placement of A 7
components and 3 1 [/
interconnects 0 = w= D

e Use robots to provide
the “glue” between
different manufacturing

steps



Conclusion

* Robotics needs to go beyond gears, links and belts

* Mimictight integration of sensing, actuation,
computationand communication of biological

systems
* Improve robot autonomy

* Create a new class of composite materials with
built-in intelligence

e Stay tuned:

Stefan Bosse, Manuel Collet, Dirk Lehmhus, Walter Lang, and
Matthias Busse: Material-integrated Intelligent Systems.
Sensorial Materials, Adaptive Metacomposites and the
fundamentals of realizing material-integrated intelligence. Wiley
VCH, forthcoming.
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