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3 Calcul des noyaux de Volterra d’un système différentiel
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3 Calcul des noyaux de Volterra d’un système différentiel
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Exercice 1: mechanical damped Duffing oscillator
Consider the Duffing oscillator excited by a force f , governed by

(S) : mẍ +aẋ +k1x +k3x
3 = f

(zero initial conditions)

We are interested in f ! {Hn} ! x

Questions
1 Draw the block-diagram of the canceling system of (S).
2 Derive the equations satisfied by the transfer kernels {Hn}

for all n � 1.
3 Derive the transfer kernels up to order 5.
4 Propose a realization for these orders.

(composed of linear systems and static nonlinear

functions)
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Exercice 2: formal inverse kernels (open-loop control)

Consider a system u ! {Fn} ! v .

Questions
1 Derive the equations satisfied by the transfer kernels

v ! {Gn} ! u.

(use the abstract relation w ! {An} ! {Bn} ! w to express A w.r.t B

or vice-versa)

2 Derive the transfer kernels Gn up to order 3.
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Exercice 3: formal kernels of a closed-loop system

�+ {Fn}
u e

{Kn}
v

y

Signals: u=reference, e=measured error, y=system output, v=measured output
Systems: {Fn}=plant (or controller+plant), {Kn}=sensor

Questions
1 Draw the canceling system associated with u ! {Hn} ! y

2 Derive the equations satisfied by the transfer kernels {Hn}
for all n � 1.

3 Derive {Hn} up to order 3

Rk: you can introduce the kernels {Gn} of u ! {Hn} ! {Kn} ! v and

first express {Hn} w.r.t. {Fn} and {Gn}.
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2 Séries de Volterra : généralités
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