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EXERCISE 1

1. Consider the manipulator sketched in the picture:
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Find the expression of the inertia matrix B(q) of the manipulator.



2. Write the complete dynamic model for this manipulator.

3. Consider the adoption of an inverse dynamics controller for this manipulator. Write the expressions
of the two control variables.

4. Assume that the inverse dynamics controller assigns the same dynamics in closed loop to both joints
of the manipulator. Compute the gains of the controller in such a way that both eigenvalues are
equal to −10.



EXERCISE 2

1. Suppose that a trajectory for a scalar variable has to be defined, which achieves the values reported
in the following table, at the given instants:

t1 = 0 t2 = 2 t3 = 5 t4 = 8 t5 = 10
q1 = 10 q2 = 0 q3 = 30 q4 = 40 q5 = 50

Assign suitable values to the speed at the intermediate points.

2. Using the values of speed previously evaluated, compute the expression of the cubic polynomial for
the first interval (from t1 to t2).



3. In the spline method, the following equation has to be solved:

Av = c

Explain what is the meaning of the symbols used in this equation, what are their sizes, and whether
matrix A has any particular shape.

4. Explain which one of the acceleration profiles shown in the following pictures has been obtained
with the spline method:



EXERCISE 3
Consider the control of a manipulator with vision sensors.

1. Explain what is the “perspective projection” method and, making reference to the following picture,
write the related formulas.

2. Making reference to the following picture, explain what is the interaction matrix in the context of
visual control, specifying precisely:

• the variables that are related by the interaction matrix

• the size of the interaction matrix

• the variables upon which the interaction matrix depends



3. Explain what is the image Jacobian and what is its relation with the interaction matrix.

4. Sketch the block diagram of an image-based look-and-move control scheme, specifying the control
law in the image space in terms of the image Jacobian.


