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Optimization Inverse Kinematics
● Joint angles are decision variables
● Constraints on end-effector (EE) pose
● Immense modeling flexibility
● No guarantees

Analytic Inverse Kinematics
● Symbolically-derived mapping from end-effector 

to joint angles
● Limited modeling flexibility
● Returns all solutions in O(1) time

Old Formulation

Self-Motion Parameters
● There are many IK solutions for one EE pose
● "Self-motion parameters" disambiguate solutions
● Write 
●    continuous,     discrete (fix           in practice)

Experimental Setups

Numerical ResultsReachability Constraints
● Old style reachability:

-> Active at all feasible points!
● New style reachability:

-> Active only on boundary!
-> Better for optimizers

Arm on a Table

Mobile Manipulator
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Bimanual Mobile Manipulator Humanoid Stability

New Formulation

Discrete (left) and 
continuous (right) 
self-motions.
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Stable Postures for a Humanoid while Reaching a Given Hand Pose Target


