METR4202 -- Robotics
Tutorial 3 — Week 4: Forward Kinematics

Ekka Day Tutorial
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Answers:
Link | romFrame | ™°Frame | ¢, [ d. | a | q
1 0 1 01*| 4 | 1 |-90°
2 1 2 02* 1 0| 2 | 90°
3 2 3 03* |1 0 | O 0

=>» Note that the position of the end effector (the gripper) may be viewed as a position
vector (P"9-") jn Frame 3.

! As this tutorial is on Ekka Day, it is not being held / assessed. The material is posted as reference.
2 http://petercorke.com/Robotics_Toolbox.html



http://petercorke.com/Robotics_Toolbox.html

The joint space of the robot is (01, 6,).
The forward kinematics may be solved directly using the vector-loop method or somewhat
more mechanically using the DH convention (see slides 24 and 42 of Lecture 3). This gives:

(Px, Py) = (2,CO, +a,c0,, st +a,56,,)

The inverse kinematics involves solving the above simultaneous equation for 6, and 6.

A geometric way of solving this is to observe that the distance from {0} to {2} is independent
of 61. Thus, sum of squares gives:

pf + p; = a12 + a22 +28a,a,co,

( 2,92 _g2_ az\
0, = arccosL Pt Py % ZJ
28,8,

If 6* is an answer to the above, the, in general, -6* will also be an answer. This is
corresponds to the “elbow up” and “elbow down” configurations.
Substituting this back into the kinematic equations gives:

p, =(a +a,c6,)ch,—(a,56,)s6,, p, =(a,56,)ch, +(a, +a,c6,)sh,
P, (& +a,c0,)+ p, (,56,)
a’ +a’ +2a,a,ch,
P p, (a,56,)+ p, (a, +a,co,)
! a’ +a’ +2a,a,co,
0;=Atan2(s61, c0,)

ch, =




0,= 167.028° 0,=-156.44° (Elbow down)
Or 0,=-77.028° 0,=156.44° (Elbow up)

To verify using the Robotics Toolbox:

L(l) = Link([ O 0 2 0], '"standard')

L(2) = Link([ O 0 3 0], 'standard')
twolink = Seriallink (L, 'name', 'two link'")
T=rpy2tr (0,0,0); T(1l:2, 4)=[1 1]
QOsol=twolink.ikine (T, zeros(1l,2), [1 1 0 O O 01])

QOsol =

2.9152 -2.7305



