SUPERBALLBOT -
STRUCTURES FOR PLANETARY
LANDING AND EXPLORATION

Jerémie Despraz

under the supervision of Auke Jan ljspeert,Vytas SunSpiral and Mostafa Ajallooeian

EPFL Blorobotlcs Laboratory E%S;i;g%giiﬁ?;gﬁg



OUTLINE

* Introduction to tensegrity structures and their advantages
* Presentation of the tensegrity robot and simulation tools

B —liiten of the developed controllers (reactive st SERs
hybrid)

* Simulator validation with real hardware

» Questions / discussion
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TENSEGRITY STRUCTURES

Only pure tension or pure compression!
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TENSEGRITY STRUCTURES

Only pure tension or pure compression!

IEgEllerelemens compression elements
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TENSEGRITY STRUCTURES

- Lightweight
- Compliant

BREBLSE to shocks

- Robust to failures

- Deployable

- Blo-Inspired
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HOW 1O MAKE TENSEGRITY
ROBO| S MOVES

» Not surtable for classical control designs
SRilcnicempliance
B@cqliating structure

* Few scientific studies
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DRIVING PRINCIPLE

» Creation of a torque by
Bi@ IRoine center of mass

* reducing the contact surface
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REACTIVE - PRINCIPLE
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REACTIVE - PRINCIPLE
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REACTIVE - PRINCIPLE
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REACTIVE
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TOWARDS CPGS

| — he feedback signal
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CENTRAL PAT TERN GENERATORS

- Learning phase:

teach signal —
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- Controlling phase:

feedback—| CPG |— e
command
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CENTRAL PAT TERN GENERATORS
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INVERSE KINEMATICS

complicated closed form approximated by numerical methods

7= P + PLAL + Pa AL + ...

Numerical method*
‘ \p(t + At)

A= F(P) £
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INVERSE KINEMATICS

complicated closed form approximated by numerical methods
P=po + 1AL+ P AL +

lNumerlcaI method™

p(t+At)
Al = f(p) \
F|rst order: [ranspose Jacobian Method p(t)

- Second order: Newton Method
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INVERSE KINEMATICS
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HYBRID

- Controlling phase:

feedback —> motor
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RESULTS SUMMARY
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SIMULATOR VALIDATION

--- Profiling: Root (total running time: 4.146 ms) ---

press (1,2...) to display child timings, or 0 for parent

1 -- debugDrawWorld (261.24 %) :: 10.831 ms / frame (6440 calls)
2 -- stepSimulation (4.56 %) :: 0.189 ms / frame (1 calls)
Unaccoun ted (-165.795 %) :: -6.874 ms

Reservoir compliant tensegrity  Nasa tensegrity robotics
esetiiReCller) toolkit (NTRT)
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SIMULATOR VALIDATION

Siinile
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SIMULATOR VALIDATION

Siinile

Motion capture NTRT
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SIMULATOR VALIDATION

Dynamics

t = 0.00s t = 0.50s t =1.00s t = 1.50s t = 2.00s t = 2.50s

XXy H

robot
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U TURE WORK

Several promising options

-

Neural Networks

Hidden layer

~

'

5 Evolutionary Algorithms\

&)

[

output pattern
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(video from University of ldaho Tensegrity Group)

SuperBall Bot - Structures for Planetary Landing and Exploration  -21 - Jérémie Despraz



RELATED PUBLICATION

Design and control of comp
simulation and ha

Ken Caluwaerts, Jerémie Despraz, Atil Iscen, Andrew Sabelhaus, Jonathan Bruce and Vytas

Journal of the Royal Society Interface (2013)

iant tensegrity robots through
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SIMULATION FLOWCHART

feedb_)ack
5.7, h, ...

Tensegrity
Robot

Motor Impedance
Command Controller
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FITINESS RESULTS
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Reactive Gyros CPG Hybrid
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KOIZUMI'ET AL
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3 SEGMENTS MUSCLES
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