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Impedance control doesn’t

matter
Contact transitions with the finger
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Contact transrtions
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Joint torques are different
for motion and force
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How do humans control contact
transitions?
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How do humans control contact
transitions?
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cxperimental protocol
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“Coordination pattern’ of seven
electromyograms
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Anticipatory switch before contact
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Why and how to transition?

* Transition happens ~60 ms before contact
- Does uncertainty lead to anticipation?
* Rotation followed by magnrtude increase

- Desire to avoid high speed collisions!

» Deterministic, mechanical explanation
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Iwo-phase model

Motion: M(p(2))@(t) + Cle(t), @(1)))@(t) + N(p(t)) = 7(1)
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Ty el P2 = A(Q")_l Ty
T o (D3 T

Force: M(p)9 + C(p,9)¢ + N(p) + A(p) " f = 7(2)
where, f = (AM AT "1 (AM~1(7 — Cp — N) + Ap)

* Measured / estimated inertia and lengths
e Specified fingertip trajectory (from experiments)
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Neural impulse: 7p
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Muscle-like actuator dynamics
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Optimal control solution method

* Only terminal cost: force direction

* Plecewise linear control, specified every 20 ms

» Specified Initial conditions at -60 ms

* Nelder-Mead and sequential quadratic programming
- Multiple starts to verify local unigueness

- Found a global optimum (may be non-unique)
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Anticipation In the face of certainty
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Irajectory In joint-torque space
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Controlling contact transitions

* Humans anticipate and switch strategies
* The timing of strategy switching governed by tendon elasticity

* How does impedance control figure here!?
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