Differential Motions and
Velocities



Jacobian matrix

Multi input & multi output system
— System Model




Jacobian Matrix

Differential System

— Chain rule
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Forward Kinematics

Differential Motion
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Differential Motion

x=1(6,,0,.0.6,.05.05)
y="1,(6,.6,,0,,6,.6;.,6;)
z=13(6,,6,,05,6,.,6;,6;)
¢ =1,(6,,60,,65,6,,05.6;)
¢y = f5(91'02’93!64"95!96)
¢, = 16(6,.6,.05.,6,,65.6;)
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Differential Motion

« Velocities
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Examples

(ex1) Type 1 robot

) «’ , x =licl + l,c12
y=1151+l2812

>

ll = l2 = 1(m), 01 =§,92 =%,91 = Z(Fad/S), éz = 4‘(rad/S) => x,y = ?



Examples

(ex1) Type 4 robot
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=> Jacobian matrix ?




Singularities

- Singularities (£0|%)
— Inverse Jacobian (J-1(®)) O] =X{3IXA| 2= joint Xl (©)
= det(J@®)) =0 2 6
= Joint & Al joint velocity = QI joint /%]
— Type

» Workspace boundary singularities
» Workspace interior singularities

(ex) Type 1 robot



Singularities

(ex) Type 1 robot

A

\ A C[=lys1—I,s12  —l,s12
4 ] - l1C1 + lzClZ lzClZ



(X'l\)/n)

Singularities
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Singularities

Singularities Avoidance
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