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EXERCISE 1

1. Consider the manipulator sketched in the picture, where the mass of the second link is assumed to
be concentrated at the end-effector:
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Find the expression of the inertia matrix B(q) of the manipulator.



2. Compute the matrix C(q, q̇) of the Coriolis and centrifugal terms38 for this manipulator.

3. Check that the expression q̇TN(q, q̇)q̇ = 0 , where N(q, q̇) = Ḃ(q) − 2C(q, q̇), is true in this case.

4. Write the complete expression of the kinetic energy for this specific manipulator.
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EXERCISE 2

1. Consider a kinematically redundant manipulator. Explain what the “null-space motions” are, and
write an expression for the null-space motions, explaining the meaning of each symbol used.

2. Define what is a repeatable, or cyclic, method for kinematic redundancy resolution. Explain what
are the advantages in using a repeatable method.



3. Write the expression of the extended Jacobian method for redundancy resolution and explain why
it is repeatable.

4. Consider now motion planning of the end-effector position. Select as an initial point pi = [0, 0, 1]
and as a final point pf = [2, 2, 2]. Write the expression of a segment connecting the initial and the
final points, parameterized with the natural coordinate.

If the end-effector task is expressed in terms of position only, what is the minimum number of joints
for the manipulator to be redundant with respect to this task?



EXERCISE 3

1. Sketch the scheme of a current control loop used in a servomechanism.

2. Explain what is the role of a current controller within the control of a servomechanism. Suppose
that the servomechanism lacks a current controller: what would be the control variable for speed
control in this case?



3. Draw the scheme of a speed control loop for a servomechanism, and explain where the current
control closed loop would enter in this speed control loop if we took it into account.

4. Assume now the following values for the physical parameters of the servomechanism.

Jm = 0.01 kgm2

Dm ≈ 0

ρ = 3

where ρ is the inertia ratio. Design a speed PI controller in such a way to obtain a crossover
frequency ωcv = 100 rad/s.


