
EE/BIOE 125 Problem Set 6
Assigned 10/16/05; Due Thursday 10/27/05

1. Subproblem 2’: Rotation about two parallel axes. Solve Subproblem 2 when the two axes ξ1 and
ξ2 are parallel. (Note: this will come in handy for the inverse kinematics of the Adept robot in
the lab coming up soon.)

2. Section 4.4 of MurrayLiSastry shows manipulability measures based on the singular values of
the Jacobian J , or equivalently the square roots of the eigenvalues of JT J . However, these
singular values include the effects of both rotation (from the bottom 3 rows of the Jacobian)
and translation (from the top 3 rows of the body Jacobian, which produce a linear component of
velocity that is proportional to the velocity of the origin of the body frame). Rotation and
translation have different units, so comparing the resulting singular values is problematic.
Instead, for this problem we will just look at the effect of translation.

(a) Find the body Jacobian for the 3 DOF manipulator shown in Figure 3.23(iii).

(b) A point in a manipulator’s workspace is said to be isotropic if the condition number of the
Jacobian is 1; i.e., if all singular values are equal. We are only interested in translation, so
use just the top 3 rows of the Jacobian you found in the previous part. Find the conditions
under which the manipulator is isotropic. Isotropy is not possible for most manipulators.
For this example, it is only possible for a certain ratio of the link lengths l1 and l2. Find
this ratio and the configuration (i.e., the values of θ1, θ2, and θ3) that satisfy isotropy.

(c) Discuss why isotropic points are useful for tasks that involve controlling forces applied
against the environment.

3. Problem 20, pages 152–3 in MLS. For gst(0), assume that the mechanism is fully extended. Call
the displacement of the prismatic joint from the zero configuration θ4. Label the axes such that
x is horizontal, positive to the right, and y is vertical, positive upward. Notice that θ2 as shown
in the diagram is in the negative z direction. Miscellaneous hints: Mathematica can be helpful
on this problem. You can generate twists, kinematics, and Jacobians as if this were a 3-D (not
planar) problem, then eliminate unneeded rows and columns if you wish. For part (a), you do
not need to explain why the spatial version of Gruebler’s formula doesn’t work; the text doesn’t
adequately explain this. For part (b): your answer should be 3 scalar equations, not one matrix
equation. For part (d): (1) this is equivalent to using θ4 as the active variable; (2) you can
simplify the Jacobian by taking into account the constraints created by the structure equations;
and (3) assume for simplicity that l1 = l2. For part (e): the singular configurations are actually
independent of (l1, l2, l3). Warranty void where prohibited, your mileage may vary, all sales are
final, etc. This problem isn’t actually as difficult as all these hints make it seem...
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