Jacobians

Definition: map differential changes from one space to another

(C1; —S1ptac; 0 licg + 1hcq5]

Recall for 2-link: TO — 4. A, = |°12 €12 +a;51 0 s+ 1z,
ecall for 2-lin 5 14, 0 0 . A
1 1 0 1

Consider general tool transformation matrix for an n-link manipulator with joint
variables g, --- gy,
where
TO(q) = R3(q) o,({(q)] q0= (g1, g )T :joint variable vector
0 1 0,,: end-effector position
RY: end-effector orientation

Objective: Relate linear and angular velocities of end-effector to vector of joint velocities

Define the following:

S(wd) = R,‘{ (ROHT End-effector’s angular velocity vector w9
v) = 0'3 End-effector’s linear velocity vector
: vT(l) 0. 0 Jv . . .
Want: 2ol = ]9  where ]9 = is called the Manipulator Jacobian
n w
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Angular Velocity: Can be shown that generally
Jo = [P1Z20 - PnZn-1]

p; = 1ifjointis revolute

Where have p; = 0if joint is prismatic

Linear Velocity: Just take derivatives

n 0
0 do, .
1=1

Column i of J,, would be given by

0
_ Odoy

= where ], = [Jy,
dq;

Vi

]vn]
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Sanity Check: Calculate Jacobian for 2-link planar manipulator

]9 = H”] Hence, we have
w

We also have  J» = Un,

0 O
]w = [plzo pzzl] = [0 0]
1 1
Ju] = [603 aog]
dq: 0qy

Recall our Tool Transformation Matrix:

y Y, L, (xp, )

] 12512
Thus ~— = | lici + Lycqn and

_C12 —S12 + a;cq 0 llcl + l2C12-
S12 C12 + ai$1 0 l1$1 + lelz
0 0 1 0
|1 1 0 1
909 [—12512
o = | lacr2
an 0
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Ug = (=lys; — 12512)91 — 1251292

—l151 — 13512 — 13812
lic1 + 1h¢q7 lyc12
]O — ﬁ 0 0
2 Vo 0 0
0 0
1 1
=Jn then

w9 = (lyc1 + 1y612)6; + 136120,
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