The Jacobian (ExpLICIT FORM)
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Revolute Joint €2, = Z,Q

Prismatic Joint \/I = Zi qi



The Jacobian (ExpLICIT FORM)

ffector Prismatic Revolute Vv
77777+~ Linear Vel: V Q xP.
Angular Vel: none Q.
Effector Linear Velocity
V= Z[D V.+0 (Q xP)] V=24

Effector Angular' Velocity

W = ZD QI QIZZ\q



The Jacobian (ExpLICIT FORM)

ffector Prismatic Revolute Vv
777777~ Linear Vel: V Q xP.
Angular Vel: none Q.
Effector Linear Velocity
V= Z[D Zi+0 (£, xR)]q Vi =2(q

Effector Anngular' Velocity
w=2 (0,Z)q Q =Zq
=1
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The Jacobian (3 )
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J — VvV
\Jw}
Matrix JV (direct differentiation)
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Jacobian in a Frame

Vector Representation
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J in Frame {0} -
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ceI -SQ
i-1_|_ _ s6.ca., co.ca.,
i sO sa. cO sa
[ -1 [ -1
0 0

Forward Kinematics: T =

1|l a, a, d ©O
1| o0 0 0 8,
2/ 9 0 d, 8,
3/ 90 0 d; O
410 0 0 8,
5! 90 0 0 8
5 9 0 0 8
0 A
S0 sa 4,
ca., ca ,d
0 1
0. 1 N-1
T T .. T




Stanford Scheinman Arm
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c, -s [0]O0
0T = s ¢ |0]O0
T =

0 0 |1]0

0 0 ]10]1

CC, —CS, [-s| —sd,
o | SC 7SS | & | &d,
0T =

0 0 [O0of 1
CC, ~S [CS]| ¢dss, —sd,

_|8C G |SS| S48, +cd,

-s, 0 | ¢, d,c,

0 0 0 1
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GGG —SS GGS,~SG [ 6S | ads, —sd,
SGG tGS, —SGS,TGG | SS Sidssz +qd,
—SG S G d3(‘2
0 0 0 1
X X |=¢C,8, —SC,| €,dsS, —s,d,
X X |=8C,8, +¢C, | 5058, +¢,d,
X X S,S, d.c,
0 0 0 1
X [€CC,5 =555 TCSS| ¢d;s, —sd,
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X X GeGsSsstess qdssd| g~

X X
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| X X sccs+ass+ssG sds +ad
SCS GG
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C,Sd; - Sd,
$S,d; + C,d,
C,d,

Ci[C,(C,CC - §,S5) - S,5C6] - §(S,C,Cq +C, &)
S[C,(C,CsC6 — S,5) — 5,566 ] + C1(S,CC + C,S;)
-S,(C,CC6 - §,5) - C,5C
C,[-C,(C,CS + 5,C6) + S,55] - S(-5,C:5 + C,Cp)
S[-C,(C,CsS; + 5,C6) + 5,55 + C,(-S,C:S + C,Cq)
S,(C,CsS, +5,C,) + C,8.5,

C,(C,C.5 +5C5) - S5,S
S.(C,C,S, +S,Cs) +C,S,S,

-S,C,S +C,Cy




' —-c,d, -ss,d, cc,d, ¢s, O 0 0

/" 30 0 0 A
7% 9% 9% 5 o g
Jq 0dg, 0Jq;

%2, °z, 0 °z, °z, °z,,

-5d;, +¢;S5,d; scCd; ss, O 0 0

-s,d, G, 0 0 0
0 ¢S, —CGC;S,—SC, CCCS —S5,S +CSCs
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