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Manipulation: Gravity & Position 
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Manipulation: Full Model Control
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Joint Space to Work Space
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Manipulation: Workspace Control
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Manipulation: Workspace Control
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Joint Space vs Work Space
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Locomotion: Walking
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Balance
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Balance

m2m1

r1 r2

Moment of force (Torque)
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Biped Walking
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Center of Mass: COM

Center of Pressure: COP

Inverted Pendulum Model
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If balanced about O

Inverted Pendulum Model
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Inverted Pendulum Model

If the mass is moving with some acceleration in x direction

H

Moment of Inertia force
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At upright pose, F = mg & Ɵ = pi/2

H

Inverted Pendulum Model
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Table-Cart Model

P = Zero Moment Point (ZMP)
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Table-Cart Model
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Footsteps: ZMP vs COM

R
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Footsteps: ZMP vs COM
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Footsteps: ZMP vs COM
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Single Support

Double Support

Single Support

Double Support

Single Support

Double Support

ZMP COM?
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Linear Optimal Control
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Linear Optimal Control
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Preview Control
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Preview Control
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Linear Optimal Control
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Linear Optimal Control

Discrete Algebraic Riccati Equation (DARE)

Error integral State F/B F/F(preview)
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ZMP-Preview Biped Walking


