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First Example
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Modelling
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System Overview
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Dynamics — Forward Integration

x=f(tx),  x(to) = xo

Implicit: Explicit:
Xier1 = X + Af (1 Xier1) Xie41 = X + hf (Ex, xp)
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Dynamics — Forward Simulation

x;(p;) = argmin U;(x;, p;)

Xi

h* .
where U;(x;,pi) = 7xiTMxi + W(x;, p;) + gTMxl-

Xi— 2Xj_1+ X
hZ

xl-%

— Wx;,p) = Wpuppet(xi) + Wstring (xi, pi)
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Dynamics — Forward Simulation

W(xi: pi) = Wpuppet(xi) + Wstring (xi; pi)
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Control — Sensitivity Analysis

Objective: min0(x(p).p) ~ —— 0 (x(p),p) = llx — %Iz + lIpll;

~do a0[dx\ a0

dG 0Gdx 0G
» G(x,p) =0 :dpzozaxdp-l_ap
f—-ma=0
dx  (9G\ 196
@ (a—) "’
h2
» in Ul-(xi) = in (7foxl + W(xi,pi) + gTMxl-)

= MXx; +V,, W(x;,p;) + Mg = MX; — F(x;,p;) = G
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Second Order Sensitivity Analysis
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Joint Space
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Preliminary Experiments — Pendulum

Task:

Avoid obstacle

and jump into cup

(robot hand constrained
to move along horizontal
axis)
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Preliminary Experiments — Pendulum
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Preliminary Experiments — Double Pendulum
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Physical Puppet: Chinese Dragon

Simon Zimmermann | 28.03.2019 | 15




Design Optimization
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Design Optimization
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Simulation Results

Simulation Results
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Physical Results

Physical Results
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