Movie Segment

Skillful manipulation based on
high-speed sensory-motor
fusion, T. Senoo et al.,
University of Tokyo, ICRA 2009
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Jacobian

- Differential Motion

» Linear & Angular Motion
+ Velocity Propagation

+ Explicit Form

+ Static Forces



Joint Coordinates
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Jacobian
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Orientation: Direction Cosines
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Representations

Cartesian
Spherical
*Cylindrical

*Euler Angles
YR -Direction Cosines
Euler Parameters



Jacobian for a representation X
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Cartesian & Direction Cosines
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The Jacobian is dependent on the
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Jacobian for X

Given a representation X =

x=J.(q)q
J.(q) = E(x) J,(q)

V .
Basic Jacobian [a)] =Jy(q) g




Jacobian and Basic Jacobian
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Position Representations

__________________________

ex
« PN Cartesian: (X, Y, 2)

Cylindrical: (p, 6, z)

Spherical: (r, 6, ¢)



Position Representations
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Using
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Euler Angles
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Jacobian for X

Given a representation X =

x=J.(q)q
J.(q) = E(x) J,(q)

V .
Basic Jacobian [a)] =Jy(q) g







Linear & Angular Velocities

(O} % linear velocity
. o angular velocity




Linear Velocity
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Rotational Motion

(2 Angular Velocity
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Cross Product Operator

VP:QXP=>VP:§2P

(X = €2 : a skew-symmetric matrix
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