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5.1 Manipulator Jacobian



Important concepts, symbols, and equations

« “Geometric” forward kinematics
0(¢) € R*, X(¥) = T,(8(r)) € SE(3) via PoE
* “Minimum coordinate” forward kinematics

(1) € R, x(t) = f(6(1)) € R™

r1 = Ljcosfy + Lycos(6y +6s)
xo = Lisinf; + Lo SiIl(Hl + 02)
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Important concepts, symbols, and equations (cont.)

_ 0f(6) d6(t) _ 0(6)

=20 at ~ o0 "

— J(6)6 =
(coordinate)
Jacobian

x=[J1(0) L0)] [0, 6,17=J,(0) 0, +J,0) 6,

Column i is the end-effector velocity when 6, = 1.
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Important concepts, symbols, and equations (cont.)

manipulability
ellipsoids
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mapping joint velocity limits to end-effector velocity limits
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Important concepts, symbols, and equations (cont.)
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Important concepts, symbols, and equations (cont.)

A configuration 6 is singular if J(8) loses rank.
* e-e motion capability becomes zero in one or more directions
« e-e can resist infinite force in one or more directions

Z2 A f2 A

force

motion

approaching a singularity...
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Important concepts, symbols, and equations (cont.)

« Space Jacobian

, Js1 = 51
Vs = Js(0)0  where {
Jsz(e) — Ade[51]91 celSi—118i1 (S’L) 1= 2, , N
 Body Jacobian
. Jbz’(g) Ade [Brnlbn...e— [Bi+110i41 (Bz) i=1,.,n—1
Wy = Jp(0)8 where {
bn — Bn
Js(0) = [Adr,]Js(0) Column i is the end-effector twist when 6, = 1.
Jo(0) = [Adg,]Js(0)
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