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Introduction

Assumptions?
At each position of the rods...

Feable =0 ..instead of: > Feape = ma
(cables) (cables)

At each position in the
trajectory,
the rods are not moving.

F1 F2 F3 F4

‘Fixed
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The Inverse Kinematics Problem
Given rod positions, find cable rest lengths.
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Problem Setup

The Inverse Kinematics Problem
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Problem Setup

The Inverse Kinematics Problem

‘Fixed

NOTE:

Given rod positions, we can always calculate L,

so finding forces is equivalent to finding rest lengths.
Remember:

F(cable) - k(L LO) Cdt
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Does this problem always have a solution?

Are there always a set of cable lengths such that " F =07
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Problem Setup

What about this location of the rods?

Think: is it possible for
> F, =077
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Problem Setup

What about this location of the rods?

F2
Think: is it possible for
F3 > F, =077
F1 F4 ...not possible!
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Does a solution always exist?
NO.

Sometimes, no solution exists!
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Problem Setup

How many solutions exist?

TFixed
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‘Fixed

The cables can always be tightened more!
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How many solutions exist?

The cables can always be tightened more!

If one solution exists,
then oo solutions exist!
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Force-Density Method

Which solution to choose?

...be kind to our motors.

TFixed
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Force-Density Method

Which solution to choose?

...be kind to our motors.

TFixed

Choose the one with the thinnest lines!
Choose the solution with the lowest force density.
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The solution to the force-density method

minimize
w

Z (force density)
(cables)
subject to  Fcapre) > 0
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Force-Density Method

The solution to the force-density method

A simplified version: (not completely correct)

q = force-density (think: “forces in each cable”),

p = external forces, (gravity),

w = “free parameter” for the optimization.

A, B = some matrices (see research papers [1, 2, 3]).

qg=Ap— Bw

minimize w' BT Bw + 2WTBTAp
w

subjectto Ap+ Bw >0
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The solution to the force-density method
(g = force-density)
(g =Ap — Bw),

minimize
w

w B"Bw +2wBT Ap
subject to Ap+ Bw >0
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The solution to the force-density method
(g = force-density)
(g =Ap — Bw),

minLr/nize w B"Bw+ 2w BT Ap
subjectto Ap+ Bw >0

This is a quadratic program: it can be solved easily in MATLAB
Finally, to get Lo,
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Videos!
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Conclusion

Conclusion

Big Take-Aways:
m Tensegrity control using inverse kinematics is a Pseudo-Static
approach

m Assumes > F =0
m Solutions do no always exist (when rods are in a place such
that > F cannot = 0)

m When a solution exists, then infinite solutions exist
m In that case, a reasonable choice of cable lengths is the
solution with the lowest force density

m An optimization problem can be solved to obtain these cable
lengths
m ...using “quadprog” in MATLAB
m ...example on the ultra-spine-simulations GitHub repository.
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Conclusion
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DuCTT: A tensegrity robot for exploring duct systems
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(ICRA), 2014.

H.C. Tran, J. Lee.
Advanced form-finding of tensegrity structures
Computers & Structures, vol. 88 iss. 3-4, 2010
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Mechanism Design and Simulation of the ULTRA Spine, A
Tensegrity Robot

ASME International Design Engineering Technical Conference
(IDETC), 2015.
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The force density method for form finding and computation of
general networks
Computer Methods in Applied Mechanics and Engineering, vol
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