VK_{Matematiska institutionenAvdelningen för Optimeringslära och systemteoriHomework 2: 5B5765: Robust Control Theory Fall 2003}

Deadline: October 20, 2003.

1. Prove the submultiplicative property of the induced norm, i.e. if G ∈ L(U, V) and H ∈ L(V, W) then ‖HG‖_{U→W} ≤ ‖H‖_{V→W} ‖G‖_{U→V} 2. Consider G(iω) = 2 (iω + 1)(iω − 1)

∈ L_2(jR). Determine the time domain representation of this operator, i.e. consider the interpretation G ∈ L(L_2(R)) and determine the convolution representation.

3. Let G(s) = C(sI − A)^{−1}B ∈ RH_∞, i.e. A is Hurwitz. Consider the time domain represenation G ∈ L(L_2(R)).

(a) Determine the convolution representation of G (b) Determine the convolution representation of the adjoint operator G^∗ ∈ L(L_2(R)). Recall that the adjoint satisfies ⟨Gu, v⟩ = ⟨u, G^∗v⟩ , ∀u, v ∈ L_2(R) (c) Determine the convolution representation of the adjoint operator G^∗ ∈ L(L_2[0, ∞)).

(d) Determine the convolution representation of the adjoint operator G^∗ ∈ L(L_2(−∞, 0]).

(e) Let G(s) = C(sI − A)^{−1}B ∈ RL_∞. Determine a state space realization for the adjoint operator G^∗. When is G self adjoint?

4. (From Zhou) Let M = [ 0 M_{12} M_{21} 0 ] be a complex matrix and let Δ = [ Δ_1 0 0 Δ_2 ] . Show that

μ_Δ(M) = √ σ(M_{12})σ(M_{21})

5. (From Zhou) Consider the feedback interconnection

Suppose that all transfer functions are SISO and that

P = P_0(1 + W_1Δ_1) + W_2Δ_2 where the W_k and Δ_k are stable and ‖Δ_k‖_{H∞} ≤ 1, k = 1, 2. Suppose also that K internally stabilizes P_0. Show that a necessary and sufficient condition for robust stability is that ‖|W_1T | + |W_2KS|‖_∞ < 1 where S = 1 1 + P_0K , T = P_0K 1 + P_0K .