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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 terms1 for this manipulator.

3. Ignoring the gravitational terms, write the complete dynamic model for this manipulator.

1The general expression of the Christoffel symbols is cijk = 1
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4. Explain what are the direct and the inverse dynamics. With reference to the model obtained in the
previous step, define what are the inputs and the outputs of the direct and of the inverse dynamics
algorithms.

EXERCISE 2

1. Consider a kinematically redundant manipulator. Explain what the “null-space motions” are and
why this specific terminology is used to characterize them.

2. Write the expression of the matrix that projects a generic joint velocity in the null space of the
Jacobian matrix and explain how this expression is obtained.



3. Explain what are possible ways to define the joint velocities that generate the null-space motions.

4. Sketch the block diagram of a kinematic control for a redundant manipulator (closed loop inverse
kinematics at velocity level). Why is closed loop used in this context?



EXERCISE 3
Consider an interaction task of a manipulator, with a frictionless and rigid surface, as in this picture:

1. Select a convenient contact frame and identify the natural and the artificial constraints.

2. Write the expression of the selection matrix for this problem, explaining the meaning of such matrix.



3. Suppose now that along one of the force controlled directions an explicit force controller has to be
designed. Determine the expression of such controller, taking a bandwidth of 30 rad/s.

4. Define what an implicit controller of the force is and explain why it might be more convenient to use
than an explicit controller. Do you need to know precisely the stiffness constant of the environment
to tune such controller?


