Formula Method

* For an n-link robot with joint variables g ... g,
With forward kinematics:

TA) —_ [Rg 012
0 1
0) Determine FK (if not given)

0
l

2) Write all joint axis vectors z;

1) Locate all joint origins o

3) Do math by category (/,,, /., R joint, P joint)



Formula Method

* Split into linear J;, and angular J,, /= Uv]
w

* For/,
e Assume all joints but i fixed

* Look at end effector velocity

J = Z;_q1 X (0, —0;_1) :revolute
v Zi_4 : prismatic

* For/,
 Look at frame i rotation relative to frame i-1
] = Zi_1 *revolute
@ 0 :prismatic



Example — 2-Link Planar Arm

* Given L4, L,
* Find Jacobian using formula method
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Example — 2-Link Planar Arm

0

1) Locate all joint origins o;

0 Lic

0 _ 0 _
Op = [0] 01 = lL1S1]
0 0

Lic, + L2C12]
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Example — 2-Link Planar Arm

2) Write all joint axis vectors z;

0
zg=zg=zg=[o]
1
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Example — 2-Link Planar Arm

3) Do math by category (2 R joints)

=11]-

J = [L151 Lysi,  —LiSq
Lic; + Lycqy Licq

Zg X (02 00) 7z X (02 - 01)]
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Example — SCARA Robot

e Given robot as shown, find Jacobian

Brake release switch (J3-axis)
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Example — SCARA Robot

1) Locate all joint origins olp
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Example — SCARA Robot

0

1) Locate all joint origins o,

Licy + Lycy,

Lis, + L2512]

0
08 = [0] Og —
0 h,

7

Licy + Lycq,

J ;“L
\\“&

Lis) + L,sy,

0
Oi):lh%] T h,—d
1~ "3

I

Licy +Lycy,

02 — [Lls1 + L2512‘
h,—d;—h,



Example — SCARA Robot

2) Write all joint axis vectors z;

02/17/2020 E. Ledoux 22



Example — SCARA Robot

2) Write all joint axis vectors z;

29 =20 = m @ :ij_j;‘
: \\gg\\
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Example — SCARA Robot

3)

Do math by category (3 R joints, 1 P joint)

0

-Z(()) X (04 — 0g) Z](_) X (04 —01) 2z Z:-; X (04 — 03)

Zy z7 0

foei
QL Jl
0" P
S



Example — SCARA Robot

3)

Do math by category (3 R joints, 1 P joint)

-Z(()) X (04 — 0g) Z{) X (04 — 01) Zg Z:-; X (04 — 03)

Zy z7 0
—L181{ — LS4, —L;s1, O 07 LLICQOZLl
Lici + Lycqo L,cqo 0 0 & '\j-]:
0 0 -1 0 )
0 0 0 0 Fj : 0,
0 0 0 olf., S
1 1 0

ey Wpoh =
\\%



